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Pick Your Poison. Isolation of Paclitaxel.
The diterpenoid, paclitaxel, which was identified as
a potent chemotherapy agent for breast and ovarian
cancer originates from the Pacific Yew tree. Though
the life-saving compound was initially found in the
bark, its presence was later confirmed in every part
of the tree excluding the fruit.1 Paclitaxel, is a member
of the taxane family and has been associated with
the highly toxic nature of the Taxus genus.2 Paclitaxel
was discovered to inhibit mitosis in tumor cells
and other fast growing cells through the binding of
microtubules.3 This behavior led to its use as a tumor
suppression agent. The isolation of paclitaxel from
its major impurities is shown below with the use of
Hamilton’s PRP-1 (5 µm) HPLC column.
The isolation of paclitaxel was achieved by utilizing a
sodium citrate buffer with a concentration of 20 mM
at pH 6.0. The aqueous modifier promotes a stronger
interaction between the analytes and the highly
lipophilic resin. Complete baseline separation was
observed using a 0.75 mL/minute flow rate at 35°C.
While other HPLC methods employ a 250 x 4.6 mm
HPLC column, we were able to reduce the column
dimensions to 150 x 4.1 mm to facilitate a faster
method while still maintaining good peak shape
and resolution. Scale-up is easily accomplished
due to Hamilton Company’s proprietary stationary
phase which can tolerate large sample loads without
sacrificing peak shape, resolution or exhibiting
carryover peaks.

Column Information
Packing Material

PRP-1, 5 µm

P/N

79444

Chromatographic Conditions
Gradient

Isocratic

Temperature

35°C

Injection Volume

5 µL

Detection

UV at 230 nm

Dimensions

150 x 4.1 mm

Eluent A

1:1 20 mM citrate pH 6:ACN

Flow Rate

0.75 mL/min.
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1 ) Wilson, C., Hooser, S. Toxicity of Yew Alkaloids,Veterinary Toxicology
(Third Edition), Academic Press, 2018, 66, 947.
2 ) Muggia, F.; Kudlowitz, D. Anti-Cancer Drugs, 2014, 25 (5), 593.
3 ) Cortes, J.; Vidal, M. Breast Cancer Res. Treat. 2012, 133 (3), 821.
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biologics. We describe the current application of intact mass analysis,
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We explore the aspects of sampling that are of highest importance in
an analytical scheme. Devices and processes for obtaining appropriate
samples outside of the laboratory are presented.
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Full Method Validation Is Still a Glaring Deficiency in Many
Forensics Laboratories
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Method validation processes will need to be refined to better suit
forensic laboratories.
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An improved LC–MS/MS method that can rapidly detect fipronil,
an insecticide harmful to human health, is presented here for chicken
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From the Chairman

Editorial Advisory Board

Mike Hennessy, Sr.
Chairman & Founder, MJH Life Sciences
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• Daniel W. Armstrong – University of Texas, Arlington, Texas
• David S. Bell – Restek, Bellefonte, Pennsylvania

T

he insecticide fipronil can cause a variety of harmful
human health effects, and is a potential carcinogen;
thus, its use is forbidden in animals intended for the food
chain. In 2017, there was a widespread case of eggs in
Europe being contaminated with fipronil, leading to
extensive product recalls.
Following a report of heavy use of fipronil in chicken
feed at a Beijing farm, Junqing Zhao and colleagues at
the National Center of Biomedical Analysis were asked
to provide analytical support. They developed a quick,
sensitive method, using solid-phase extraction (SPE) followed by liquid chromatography–tandem mass spectrometry (LC–MS/MS), for identification and quantification of
the insecticide and its metabolites in different matrices.
LCGC North America’s cover story this month focuses on
their findings.
In our regular columns, as always, we provide highly
practical information on core analytical techniques.
In “LC Troubleshooting,” columnist Dwight Stoll and guest
author David McCalley close out a three-part series on
peak asymmetry. Asymmetric peak shapes can be caused
by several physicochemical phenomena, such as analyte
adsorption to different types of sites within the stationary
phase, and overload tailing. Understanding these phenomena can help identify whether the cause of asymmetry,
which in turn dictates the troubleshooting approach.
With the holidays coming up, “GC Connections”
author Nick Snow suggest tools and accessories that
are sure to be appreciated by any gas chromatographer.
In “Sample Prep Perspectives,” Doug Raynie examines
devices and processes for obtaining samples outside
the laboratory.
In “Focus on Biopharmaceutical Analysis,” Anurag
Rathore and his new co-columnist Jared Auclair shed light
on intact mass analysis—not to be confused with topdown analysis. In particular, they explain how intact mass
analysis can add value, particularly in sample preparation,
quantitation, sequence analysis, structural characterization, intact multi-attribute methods, and analysis of complex molecules like antibody–drug conjugates (ADCs).
Finally, in our “Fundamentals” column, Kevin Schug
raises the concern that full method validation is still a glaring deficiency in many forensics laboratories, and considers what can be done about it.
We hope you enjoy the issue.
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How Advanced Analytics Transforms
Pharma Data into Actionable Insight
Advanced analytics can transform data in a
pharmaceutical lab into actionable scientific and
business insights that lead to better outcomes.
LCGC: Everyone talks about digital transformation. How does
LabVantage define it and deliver it for customers?
VOELKNER: Every laboratory, fundamentally, produces information
that’s consumed by key stakeholders and allows them to make
informed decisions. Labs generate a lot of data as part of their testing
processes, through observations, and the use of different sophisticated
instrumentation. Whether in research, quality, service, or clinical-based
organizations, data is the fuel that drives information generation.
Many labs have daily work processes that are manual and rely on
paper and spreadsheets—these labs often operate technically
disconnected from each other and disconnected from key business
systems. For others, inefficient legacy data systems are in place. And
for large multi-site organizations, each site could have disparate and
incompatible work practices, which increases inefficiencies, lengthens
turnaround time, and carries a higher cost of operating the lab. So,
labs are prime candidates for digital transformation.
LabVantage delivers a centrally hosted, technologically modern
laboratory information management system (LIMS) that drives
standardization, harmonizes workflows, and consolidates all data into
a single data store. Through configurability, our LIMS can eliminate a
lot of the non-value-added activities and paper records, and instead
capture results directly from lab instruments and interfaces with
other critical business systems.
LCGC: Can I transform just my lab(s), or is this only for large
organizations that are integrating their entire enterprise?
VOELKNER: Organizations of any size can take advantage of
a modern LIMS to drive the digitization of their laboratory. We
see that business and technical needs are the same regardless
of the organization size, and we can scale the solution to fit the
specific need and budget. One key technique is to offer LIMS as a
subscription, or what’s termed as software as a service (SaaS). A SaaS
LIMS eliminates a lot of the capital budget needed to purchase, host,
and administrate the LIMS. And through SaaS, LabVantage takes on
the responsibility of providing and maintaining your LIMS through an
annual subscription. For regulated industries, we can also maintain

Bob Voelkner
Vice President
Sales & Marketing
LabVantage Solutions

Sponsored by

SPONSORED CONTENT

the SaaS environment in a compliant way. This is
an example of how to save on costs and ongoing
administration costs, which really helps smaller
organizations justify a LIMS system.
LCGC: How do artificial intelligence (AI) and other
advanced analytics drive digital transformation?
VOELKNER: This is one of the most important
aspects of a digital-transformation process. After
harmonizing and standardizing IT platforms and
business workflows, and driving your data into
a central lab database, making use of that data
is how you realize the true benefit of a digital
transformation. Using a solution, such as our
LabVantage Analytics platform, to take data from
the lab and combine it with other data sources
in your organization allows you to apply over 500
different business intelligence views to see trends
and make informed decisions. Additionally, you can
apply a thousand different AI machine-learning
algorithms to predict outcomes and drive higher
levels of efficiencies.
LCGC: Are these tools mostly used for business
performance, or can they drive scientific
innovation as well?
VOELKNER: Business performance is the most
common outcome using the LabVantage Analytics
platform. However, the built-in algorithms can be used
for scientific discovery too. Research organizations can
use advanced analytics to detect biological hazards
or to give an assessment of the quality of a new drug
substance. There are many possibilities, as there is
valuable information locked away in many data stores
that analytics can help unlock.
LCGC: What are some use cases or examples of the
potential for AI in pharmaceuticals?
VOELKNER: One common use case is to support
bioassay studies. The LabVantage LIMS is used to
design clinical study protocols, manage studies,

DEDICATED DIALOGUE

receive specimens from different participants in
the study from clinical sites, store those specimens
in a biorepository, and then process them in the
lab. These lab results from clinical studies can be
brought into the LabVantage Analytics platform,
and then researchers can apply statistical analysis to
them to determine the concentration or potency of
a substance by its effect on people, animals, plants,
or on living cells and tissues.
Another common use is to apply AI to examine
historical instrument performance and to predict
when an instrument is likely to require maintenance
before it breaks. This in return maximizes up-time
and resource utilization, providing a much better
lab throughput. So, there are many uses of analytics,
both inside and outside the laboratory setting.
LCGC: How does a solution such as LabVantage
Analytics help with data integrity and regulatory
compliance—two important issues in the
pharmaceutical industry?
VOELKNER: Data integrity and overall regulatory
compliance are vital topics to LabVantage, as
more than 60% of our customers are subjected to
these rules and guidelines. LIMS is an important
tool for compliance—eliminating paperwork and
reducing manual data entry greatly increases data
integrity and having appropriate safeguards in the
LIMS ensures compliance. LabVantage Analytics
also supports data integrity and compliance when
used in conjunction with our LIMS, as it, too, is a
LabVantage solution.
The two platforms work seamlessly with each other.
The Analytics solution can be accessed from within
the LabVantage LIMS and shares user identities
and user authentication. The information sharing is
provided directly in a closed system, which ensures
the integrity and protection of that data.

A leader in enterprise laboratory software solutions, LabVantage Solutions is the only provider
of a pre-configured, pre-validated pharmaceutical manufacturing LIMS. LabVantage LIMS and its
pharmaceutical accelerator are 100% browser-based with embedded ELN, LES, and SDMS. LabVantage
Analytics, an integrated advanced analytics solution, is also available to transform data into actionable
insights. Hosted on-premise, in the Cloud, or via validated SaaS, LabVantage LIMS offers customers rapid
deployment, dedicated workflows, compliance, and data integrity.
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LC TROUBLE SHOOTING

But My Peaks Are Not Gaussian!
Part III: Physicochemical Causes of Peak Tailing
Although symmetric peaks with Gaussian shapes are predicted by models of the chromatographic process,
“perfect peaks” are not observed often outside of textbooks. Several physicochemical phenomena can lead to
asymmetric peak shapes, including analyte adsorption to different types of sites within the stationary phase
and overload tailing, which may involve a variety of factors. Understanding these phenomena can help identify
whether the cause of asymmetry is most likely to have a physical or chemical origin, which in turn dictates
which troubleshooting steps to start with when dealing with poor peak shapes.

I

n the first two parts of this series
of “LC Troubleshooting” articles,
I’ve written about basic concepts
in peak asymmetry (1) and physical
problems that can lead to fronting
or tailing peaks (2). Although there
are many ways things can go wrong
in a purely physical sense that will
lead to asymmetric peaks, addressing these problems, or even preventing them altogether, is generally
more straightforward than dealing
with causes of asymmetry that have
chemical components. As a separation science community, we understand a lot about chemical causes of
peak asymmetry, but there are some
observations for which we don’t
have clear explanations, and this
is an open area of research in both
academic and industrial laboratories. For this third part of this series,
I’ve asked Professor David McCalley
to join me to address some causes
of peak asymmetry that have chemical components, discussing both the
aspects we understand, and those
where there is less clarity. David
has studied chemical causes of poor
peak shape in both reversed-phase

and HILIC separations, and is one
of the world’s foremost experts on
the topic.
Dwight Stoll
A large majority of the literature
describing studies of physicochemical causes of peak asymmetry in liquid chromatography (LC) has been
focused on reversed-phase (RP)
columns prepared with stationary
phases built upon silica-based substrates. This focus on RP columns
does not mean these problems are
not important for other separation
modes, or stationary phases built
upon other substrates. However, the
primary focus of this installment is
on RP separation conditions and stationary phases involving silica particles because of their predominant
use in LC.
In Part I of this series, we focused
mainly on the type of peak tailing we refer to as exponential tailing, which is where the observed
peak shape exhibits a kind of mixture of Gaussian and exponential
distribution shapes that can be
modeled nicely using a convolution

of the two distributions. Some physicochemical causes of peak tailing
lead to this type of exponential tailing. However, other causes lead to a
different type of peak shape, which is
referred to here as overload tailing.
This shape is also sometimes referred
to as a “shark fin” or “sailboat.” A
comparison of the two shapes is
shown in Figure 1. The distinct character of these peak shapes can be
quite helpful for diagnosing the
cause of peak tailing in many cases.
In Part I, we discussed two metrics used to quantify the extent of
peak asymmetry—the asymmetry
factor (A s ), and the tailing factor
(TF). The apparent column efficiency
(that is, plate number N) can also
be used to quantify the effect that
peak asymmetry has on making the
peak broader. This is also illustrated
in Figure 1. In the case of gradient
elution separations, the peak capacity—roughly a measure of how many
compounds could be separated in a
given analysis if the peaks are neatly
arranged side-by-side without any
wasted space or peak overlap—can
also be used to quantify the deterio-

Icon Image: Joe Zugcic / Zugcic Photographers, Inc.

David McCalley and Dwight R. Stoll
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ration in separation in performance
because of peak asymmetry.

(a)

(b)

(c)

Exponential Tailing:
Causes and Remedies
The exponential type of peak tailing illustrated in Figure 1 is most
commonly observed when working
with the protonated and positively
charged form (BH + ) of amine-containing analytes, and silica-based
stationary phases for RPLC. Although
this particular situation has been discussed several times in prior “LC
Troubleshooting” articles (3,4), it
is useful to briefly review the main
points again because the chromatographic behavior and remedies for
this cause of peak tailing are different from other causes. In other words,
one has to properly diagnose the
cause of the tailing before selecting a remedy that is appropriate.
Most silica-based stationary phases
for RPLC are prepared by cova-

FIGURE 1: Illustration of the difference between (b) “exponential tailing” and (c) “overload tailing”. The peaks in (a) and (b) were calculated using the Gaussian and exponentially modified Gaussian distributions, respectively. The peak in (c) is a portion of an
experimental chromatogram. The plate numbers (N; estimated at half-height) provide
a quantitative sense for the effect of tailing that makes peaks broader, and are given
as follows: (a) Gaussian N = 10,000; (b) exponential tailing, N = 2,800; and (c) overload
tailing, N =1,700.

lently bonding an organosilane carrying the stationary phase ligand
(such as C18) to silanol ( Si OH )
groups at the surface of the silica
particle. In spite of advances in
methods over the years to convert as

many of the surface silanols to siloxanes carrying the stationary phase
ligand as possible, it is practically
very difficult to convert all of them,
which means that after the bonding step, a significant population of

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

Pure Chromatography
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FIGURE 2: Chromatograms that show the classical overload tailing behavior for both (a)
a strongly basic analyte (propranolol), and (b) a strongly acidic analyte (naphthalenesulphonic acid), both of which are ionized in the mobile phase under the conditions of the
experiment. As more analyte mass is injected, the peak apex moves to shorter times.
Chromatographic conditions: column, Waters Xterra MS (150 mm x 4.6 mm i.d., 3.5-µm);
flow rate, 1.0 mL/min.; mobile phase, 28:72 acetonitrile:water, with 20 mM formic acid in
both solvent reservoirs (pH 2.7); temperature, 30 °C.
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FIGURE 3: Dependence of the apparent column efficiency (N) on the mass of analyte
injected for strongly basic (propranolol, nortriptyline), strongly acidic (2-naphthalene
sulphonic acid) and neutral (caffeine, 3-phenylpropanol, phenol) compounds. The efficiency deteriorates much more quickly with increasing mass injected for the ionizable
compounds than with the neutral compounds. Conditions are the same as those described for Figure 2.

unreacted, free silanols will remain.
There may also be another population of unreacted silanols inaccessible
to analytes that do not take part in
retention or tailing processes. Silanol
groups are Bronsted acids and can
donate a proton to the mobile phase
to produce an anionic Si O- group.
A typical pK a for this dissociation reaction is approximately five, but can be
greatly affected by the type of silanol
group (for example, the local bonding
of isolated, geminal, or vicinal silanols) and the purity of the bulk silica.
Most notably, metal impurities in the
silica can significantly depress the
pK a, leading to substantial ionization
of silanol groups in mobile phases
buffered as low as pH 3 or less. Readers interested in learning more about
the chemistry of silica substrates can
find additional material in the literature (5). Analytes that both have
some lipophilic character and a positive charge (for example, an ionized
amine, BH + ) can then interact with
the stationary phase in very different
ways. The electrostatic interaction
between BH + and Si O- will be energetically strong, but in most cases
the surface concentration of accessible Si O- sites will be low compared
to the concentration of lipophilic
ligands that give the material its RP
character. On the other hand, the dispersive interaction between the lipophilic parts of the analyte and the stationary phase ligand is energetically
relatively weak. These differences in
interaction strengths and site concentrations can lead to exponential tailing like that shown in Figure 1.
The depression of silanol pK a by
metal impurities in the silica is most
serious with older “Type A” silicas.
Modern manufacturing methods
used to make purer “Type B” silicas have reduced the seriousness
of the problem with modern RPLC
columns, however the mitigation
of this problem has been accompanied by a loss of diversity in the
selectivity of C18 phases. In other
words, as the silica substrates
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used for making RPLC phases have
become purer, the selectivities of the
resulting phases have also become
more homogeneous (6).
An important characteristic of
exponential tailing caused by the
interaction of cationic analytes
with anionic silanol sites is that the
peak shape may improve as more
analyte mass is injected. When a
very low mass of analyte is injected,
the anionic silanol sites play a major
role in the observed retention of the
analyte. However, as more mass is
injected, these sites become saturated, and the less energetic but
more abundant lipophilic interaction
sites play a more important role in
determining the peak shape, which
appears to improve. In cases where
the observed tailing appears to be
the exponential type, and the analyte is likely positively charged in the
mobile phase, decreasing the mobile

TABLE I: Peptide separation performance with different mobile phase additives
Peptide P4 Concentration
1X

10X

1X

10X

Buffer
Composition

pH

Ionic
Strength
(mM)

20 mM
formic acid

2.7

1.9

1.9

3.5

206

148

20 mM Formic
acid + 7 mM
ammonium

3.3

7.4

1.5

1.7

234

215

20 mM formic
acid + 20
mM KCl

2.7

22

1.1

1.4

234

227

8 mM trifluoroacetic acid

2.3

7.8

1.1

1.4

238

233

AS

phase pH may help improve the
peak shape. The extent to which it
must be decreased to make a difference will depend on the silica type.

nc

With Type B silicas going down to pH
3 is often sufficient, but with Type A
silicas further decreasing to pH 2
may help.
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FIGURE 4: Comparison of peptide peak shapes obtained with mobile phases containing either (a) 20 mM formic acid, or (b) 8 mM trifluoroacetic acid. Chromatographic
conditions: column, 250 mm x 4.6 mm i.d. Discovery C18; flow rate, 1.0 mL/min.;
gradient elution from 5 to 42.5 %B in 30 min.; Both (a) (water) and (b) (acetonotrile)
solvents contain acid at the concentration indicated. The basic peptide standard mixture (Alberta Peptide Institute; Edmonton, Ontario, Canada) was either injected as-is,
or diluted 10-fold.

Overload Tailing:
Causes and Remedies
The type of peak tailing referred
to as overload tailing—also illustrated in Figure 1—is characterized
by behavior quite different from
exponential tailing. Whereas with
exponential tailing better peaks
are observed when more mass is
injected, with overload tailing better
peaks are observed when less mass
is injected. And whereas with exponential tailing injecting more mass
generally causes the peak height to
increase without significantly changing the retention time at the peak
apex, with overload tailing injecting
more mass usually leads to a significant decrease in retention time measured at the peak apex, and the peak
shapes themselves are distinctive
with a “shark fin” like appearance.
It is important to recognize that both
exponential and overload tailing may
occur together for a specific solute in
a given separation, with the resulting

peak shape being a mixture of those
shown in Figures 1a and 1b.
Figure 2a shows that the peak
shape for propranolol—a drug molecule with a strongly basic secondary
amine functional group (pK a for the
protonated form is approximately
9)—is not too bad when 0.05 µg are
injected, but just doubling the mass
injected to 0.10 µg leads to a significant shift of the peak apex to the
left, and a clear appearance of the
characteristic “shark fin” peak shape.
A useful way of quantifying the deterioration in the peak shape with
increasing injected analyte mass is
to plot the apparent plate number
(N) vs. the injected mass, as shown
in Figure 3. Here, we see that the
decrease in plate number is less than
10% for propranolol when moving
from 0.01 to 0.05 µg injected mass.
However, injecting any more mass
results in dramatic losses in efficiency,
and when 3 µg is injected, only
about 10% of the original efficiency

remains (that is, 90% has been lost).
Similar results were obtained with
the protonated base nortriptyline.
On the other hand, injecting increasing masses of the non-ionogenic
compounds caffeine, 3-phenylpropanol, and phenol over the range of 0.01
to 3 µg does not result in decreased
efficiencies; measurable losses in the
plate number are not observed until
approximately 7 µg are injected (7).
Up to this point, these results appear
to be consistent with a mechanism
similar to that described above that
involves two different sites of interaction between the analyte and
stationary phase, characterized by
very different interaction energies;
indeed, such an overloading mechanism was proposed by Guiochon in
a comprehensive series of papers
(8), although the physical identity of
these sites was not exactly specified.
However, the same type of phenomenon observed with propranolol is
also observed experimentally with
the strongly acidic analyte 2-naphthalenesulphonic acid—as shown in
Figure 2b—which is deprotonated
and anionic at most pH values in
the mobile phase. The mechanism
described above where the anionic
silanol site plays a central role in
the tailing peak shapes observed for
cationic amine-containing analytes
cannot easily be used to explain the
observation of overload tailing for
the sulfonic acid, nor the similarities
in overloading behavior obtained
when organic polymer columns were
used instead of silica-octadecylsilyl
(ODS). A different mechanism has
been proposed that involves mutual
repulsion (or partial ionic exclusion
from the stationary phase pores)
of analytes of the same charge that
leads to peak broadening and the
types of peaks shapes shown in Figure 2 (9). The central idea is that the
first analyte molecules that adsorb
to the stationary phase create a
kind of island of immobilized charge.
In the absence of a significant concentration of buffer ions in the
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mobile phase, additional analytes
of the same charge traveling downstream from the column inlet are
repelled by the analyte ions already
adsorbed to the stationary phase,
and will continue traveling downstream until they encounter a stationary phase zone that does not already
have analyte ions bound. This event
broadens the peak and gives rise
to the peak shapes shown in Figure
2. This type of mechanism can be
used to explain results observed for
both cationic and anionic analytes,
and stationary phases based either on
silica substrates or other materials.
Further study of the conditions
that lead to overload tailing has also
revealed some potential remedies
to the problem. If the mutual repulsion mechanism described above is
correct, then we would expect that
loss of efficiency would occur as the
injected mass is increased when a
greater fraction of the analyte is ionized. This idea can be examined by
varying the effect of mobile phase pH
on peak shape over a range that will
lead to variation in the fraction of the
analyte that is ionized. It was indeed
shown that much smaller overload
effects for the basic drug amitriptyline were obtained at high pH where
it is mostly uncharged compared with
low pH where it is mostly charged
(10). This suggests that adjusting
the mobile phase pH can be a powerful tool for managing overload
tailing when it is observed. There
are limitations to this approach—
most silica-based columns are not
very stable above a pH of 8 (5), and
not all analytes will change their ionization state in response to change
in pH (for example, sulphonates
and phosphates are almost always
anionic, and quaternary amines will
always be cationic).
In addition to using the mobile
phase pH as a tool to manage overload tailing, adjusting the composition of the mobile phase buffer can
also be very effective. From the concept of the mutual repulsion mecha-
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nism, we would also expect that increasing the ionic strength of the mobile
phase buffer should improve peak
shape in cases where overload tailing is
observed, because the buffer ions can
shield analyte ions entering the column
from those already adsorbed to the stationary phase. The results in Figure 4
and Table I provide some evidence for
this effect. Figure 4 shows a comparison
of peak shapes obtained for a mixture
of basic peptides in mobile phases containing either 20 mM formic acid (FA) or
8 mM trifluoroacetic acid (TFA). In this
case the concentration was adjusted so
that the pH of the two mobile phases
would be about the same, thereby eliminating pH as a variable in the experiment.
From the chromatograms we can clearly
see that the peak shapes are qualitatively
much better in the TFA mobile phase,
and that they overload much more
quickly in the FA mobile phase compared to the TFA mobile phase. These
effects are quantified in Table I for both
the FA and TFA mobile phases, as well
as two other mobile phases—one with
ammonia added to FA to increase the
ionic strength as ammonia is protonated
to give ammonium ions, and another
with potassium chloride added to FA.
Here we see that—using peak asymmetry as a metric—simply adding ammonia to the FA mobile phase improves
the peak significantly (compare A s
of 1.5 to As of 1.9), and that the benefit increases as the mass of peptide
injected increases (compare As of 1.7
to As of 3.5). Adding potassium chloride the FA mobile phase improves the
peak shape further, to the point where
the performance is practically indistinguishable from the TFA mobile phase.
Whereas plate number or efficiency is
a convenient measure of the change in
peak width under isocratic conditions,
peak capacity can be used as a similarly
convenient measure of changes in peak
width when gradient elution is used.
By this metric as well, the biggest
change is observed when additional
ionic strength is added to the FA mobile
phase, especially when a larger mass of
peptide is injected.

These results teach us that increasing the ionic strength of the mobile
phase can be a powerful tool for mitigating overload tailing for ionogenic
compounds. The simplest means for
doing this without changing the mobile
phase pH, which can affect retention and selectivity, is to add an inorganic salt such as potassium chloride.
Unfortunately, adding inorganic salt
is not desirable when using certain
detectors such as mass spectrometry (MS) or light scattering, because
these additives are not volatile and will
lead to contamination of the detector.
Some salts may also be corrosive
towards LC systems built from stainless
steel parts. When using these detectors, use of additives such as ammonium formate or ammonium acetate is
preferred, though this is more complicated because such additions will also
affect the mobile phase pH.

Summary
In this installment of “LC Troubleshooting,” we discussed two major physicochemical causes of peak tailing in
RPLC, and some potential remedies
for them. These problems often manifest with different chromatographic
behaviors, which can be useful for
identifying which of them is a major
problem when troubleshooting poor
peak shapes. When exponential tailing is observed for basic compounds
(such that they are protonated and
positively charged in the mobile
phase), increasing the injected mass
of analyte may improve the peak
shape, with little effect on the retention time. In some cases, decreasing the mobile phase pH (to pH 3
for Type B silicas, or pH 2 for Type A
silicas) may improve the peak shape.
When overload tailing is observed
(for either anionic or cationic analytes), peaks will have a distinctive “shark fin” shape, and increasing the injected mass of the analyte
will usually cause a significant shift
in the peak apex to shorter times.
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Episode 2: LC-MS Proteomics: Will Micro-Flow
LC Transform it into a Routine Tool?
In part 2 of this six-part series, Bernhard Küster from the
Technical University of Munich discusses how micro-flow LC
changed the way large-scale LC-MS proteomics projects are
executed in his laboratory.
LCGC: Your group at the Technical University of Munich became one of the key centers of
proteomics research worldwide. What are the main contributors to this success?
KÜSTER: First, you have to have a good idea of what you want to do in research. Then you need to
find people to help you pursue that idea. With proteomics, you have to put the technology platform
in place, get it up and running, and make sure it performs to the level that you need it to—the hope is
you find results worth sharing with the community. We’ve been fortunate that some of our research
ideas have turned out to be relevant.
LCGC: How would you describe the role of technologies that allow for versatile research
areas in proteomics?
KÜSTER: Proteomics is a technology, and as such, it is a tool that can be applied to a range of
scientific questions. Therefore, technology is of absolute paramount importance and that includes
the typical three things of getting a sample, getting it ready for the proteomic measurement, and
data analysis that hopefully tells you something about that biological system you’ve looked at.
LCGC: With a lot of focus on LC and MS proteomics, you continue to develop new methods
and optimize existing methods. What is driving this process, and what are the main
requirements for the ideal LC-MS technique?
KÜSTER: Proteomics, as we know it today, has LC-MS/MS as a central analytical component. As
everyone is trying to push the boundaries of being able to analyze proteomes faster, in more depth,
and in more detail, both the LC and MS sides have to be improved. After that, it’s a ping-pong game
between the two: when mass spectrometers became more sensitive, the LC systems had to catch up
in terms of robustness, which may then challenge the mass spectrometer again. They could, ideally,
come together in a way in which they provide great separation power, great sensitivity, great speed,
and great depth, all at the same time.
LCGC: In recent years, your group actively developed and adopted day-to-day use of microflow LC-MS analytical methods. What are the main reasons for this move?
KÜSTER: This started with work by Juraj Lenco from Charles University in Prague—he showed that
micro-flow LC-MS could work for proteomics, and I was stunned by how good the data looked. So,
we continued to develop this further for the reasons I listed before: to be faster, more comprehensive
in less time, and more in-depth. Micro-flow LC-MS seemed to be a sweet spot for many applications.
LCGC: Is there controversy with LC regimes for MS proteomics? What are the main
discussion topics?
KÜSTER: I wouldn’t say there’s a controversy. For historical reasons, nano-LCs were the drivers
of success in proteomics because small amounts of starting material were used and processed
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efficiently. But that has changed as mass spectrometers have become
more sensitive that downsides the benefits of nano-LC separations. Today,
people take a more balanced view in that you use either technique at lowor medium-flow rates, depending on the application.
LCGC: Having both the nano- and micro-flow LC-MS setups in the lab, how
are you defining which projects should be executed on which instruments?
KÜSTER: For us, that is quite simple. Whenever sample quantities are
small, we use the nano-LC systems; when sample quantities are larger,
we use the micro-LC setup. Another area the nano-LC systems are
advantageous is the analysis of post-translational protein modifications
because they are usually low abundance, and therefore, you need all the
sensitivity from the complete system that you can get both LC and MS.
LCGC: What are the main advantages and limitations of micro-flow
LC-MS, and will micro-flow transform proteomics into a routine tool?
KÜSTER: Micro-flow LC-MS has transformed the way we do proteomics
in my laboratory. Half of our systems run micro-flow. One of its main
advantages is that you get very good chromatographic separation, so
your quantitative data is great along with robust operation. You don’t have
to tend to your instruments as much, which means you can take on larger
projects than are usually possible using nano-LC systems. However, there is
one clear downside of micro-flow LC-MS: sensitivity is about three to 10-fold
less than the nanosystems. As long as you can work around that limitation,
the advantages outweigh the limitations for many applications.
LCGC: Are there any areas where nanoflow LC-MS will be
irreplaceable in proteomics?
KÜSTER: For the time being, these will be applications where we are
struggling to get enough material, and the outcome of that may be single
cell or even sub-cellular proteomics. There the nano-LC flows will still be
important for a long time.

Another big trend is moving proteomics into actual clinical applications
either by looking at body fluids, which would make it routine or by looking
at individuals and the tissues resected by surgeons to see if the proteomic
profiles tell us something in addition to the genomic and the transcriptomic
profiles that are often applied already in cancer research.
There is a trend moving proteomics closer to structural biology where
the sensitivity of proteomic methodologies is much higher than typical
structural-biology techniques such as X-ray, crystallography, etc. It’s a nice
marriage also to cryo-EM and methodologies like that.
And lastly, another area that is growing is drug discovery, especially with
covalent drugs being so popular right now. The only readout that can be
used for assessing covalent drugs is proteomics, which is why this will be a
big trend over the next five years.

LCGC: With a lot of progress in tools and instrumentation for
proteomics research, how will the field develop further? What are the
next big trends in proteomics?
KÜSTER: That’s a difficult question because as we are developing the
methodology further, more people are seeing that they can be applied to
many areas of science. We will see a great diversification of the scientific
fields in which proteomics will be used. For example, in plant science—it
isn’t established yet, and it is a big area.
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Putting the Sample into Sample Preparation
There are three aspects regarding samples that are of highest importance in an analytical scheme:
Sample homogeneity (the distribution of an analyte in a matrix), the size distribution of the sample particles,
and related physical considerations. Grinding, milling, mixing, and related techniques are used to improve
sample homogeneity for statistical considerations. The sample size is also related to sampling accuracy and
precision. Generally, larger samples improve precision and can generate more representative samples.
Previously, we’ve discussed both sample size and homogeneity. However, sample collection is just as important.
Too often, analysts are dependent on clients bringing the sample to the laboratory. This month, we take a look at
devices and processes for obtaining samples outside of the laboratory.

S

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

Types of Samples
Not only does the analyst rarely get
involved with collecting the sample
for analysis, but the sample collected in the field, pipeline, or tissue,
is rarely the sample that gets analyzed.
Hence, there are several types of sam-

ples, and different regulatory agencies and standard-issuing bodies may
use different terminology. These sample types may include gross samples,
random samples, systematic samples,
representative samples, composite samples, laboratory subsamples,
and passively collected samples.
Gross samples are one or more
increments of material taken from a
larger quantity (lot) of material.
Random samples are collected
when there is an unknown body of
data and unbiased information is
needed. For example, an applicable
scenario where a random sample
would be collected is to access the
distribution of contaminants across a
field. As a result, random samples are
useful when the system is unknown.
Collecting random samples can be
performed by establishing a grid pattern across the system under study
and using a random number generator to establish which grids to sample.
Random samples are most valuable
when several samples are taken and
analyzed individually.
Systematic samples are collected to
test hypotheses on effects of changes
in a system, such as before and after

a treatment. For example, a systematic sample would be taken upstream
and downstream of a point source of
pollutant. One precaution is to avoid
adding bias to the samples as they are
taken. These samples are used when
some information is known about
the system.
Representative samples indicate
when a single sample represents the
properties of an entire system. They
should represent not only the chemical composition, but also the particle
size distribution and other physical
properties as well. Because truly representative samples are difficult to
obtain, they are often defined by relevant regulatory and trade organizations, including the U.S. Environmental Protection Agency (EPA), the U.S.
Geological Survey (USGS), the U.S.
Food and Drug Administration (FDA),
American Society for Testing and
Materials (ASTM) International, Association of Official Analytical Collaboration (AOAC) International, National
Grain and Feeds Association (NGTA),
Technical Association of the Pulp and
Paper Industry (TAPPI), and others.
Composite samples are when two
or more subsamples are obtained,

Icon image: Joe Zugcic, Zugcic Photographers, Inc.
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(a)

Push Down

(b)

Pull up

Sample

FIGURE 1: Liquid sampling procedures based on (a) laboratory pipettes or (b) valved
collection tubes.
TABLE I: Criteria for judging benefits of composite sampling (2)
Criterion
Analytical costs
Analytical variability

Composite Sampling is Likely to be Beneficial if…
Analytical costs are high relative to
sample acquisition or handling costs.
Analytical variability is small relative to
inherent variability of the site or process.

Objective is to estimate
population mean

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

Objective is to estimate
proportion of
population with a trait

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

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

Composite has trait if individual sample does.
Likelihood of misclassification is small.
Retesting of aliquots from individual samples is possible.
Trait is rare.

Objective is to
identify the samples
with the highest value

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

Range of
analytical concentrations
Physical barriers

Concentrations of relevance are much
larger than detection limits.
Compositing does not affect sample integrity
(expect no chemical reactions or interferences or
analyte losses from volatility) or result in safety hazards.
Individual samples can be adequately homogenized.

combined, and mixed in an attempt
to obtain a reasonably representative
sample.
Laboratory subsamples are what
generally is used in the analytical
procedure because only small samples are typically needed for analysis.
The laboratory subsample is usually what is mixed, ground, diluted,
or concentrated for uniformity.
Care must be taken with solids to
avoid sample segregation because of
particle size or density. The general
rule is that the more heterogeneous

a substance is, the larger the sample
amount needed to ensure a representative sample for a given level of
precision. The laboratory subsample
must contain the composition of the
gross sample. Particle size reduction
is often necessary when generating
the laboratory subsample.
Passively collected samples, which
are samples based on the flow of
analyte from the system to a collection medium because of a difference in chemical potentials, will not
be discussed in this column because
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FIGURE 2: Demonstration of depth cores of soil collected with a coring device.

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

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

tors in developing his sampling
theory over about four decades (3).
Several LCGC articles have summarized the statistical uncertainties
associated with sampling (1,4–8).
Perhaps the major treatments
of sampling concern the appropriate sample size to be collected to
maintain a given level of uncertainty.
The well-established Horwitz curve (9)
demonstrates that, to achieve increasingly smaller measurement uncertainties, the sample size must increase
exponentially. Although Horwitz was
primarily concerned with food analysis, his findings appear to have broad
applicability. Ingamells (10–12) developed approaches and applied sampling constants to geochemical analysis. Generally, the sample amounts
to be collected can be determined
by derivations of the BenedettiPichler equation

n = p(1 – p) (

d1d2 2 100(P1 – P2) 2
) (
)
2
dave
σ s Pave

[1]

where n is the number of particles to
be sampled; p and 1-p are the fractions of the two kinds of particles
(analyte and nonanalyte); d 1 and d 2
are the densities of each particle;
P 1 and P 2 are the percent of the
desired component in each sample;

P ave is the overall composition of the
sample; and σ s is the sampling error
(13,14). If we assume homogeneous
particle size distribution and spherical particle sizes, the mass of sample
to be collected can be determined as
(4/3)pr 3 dn where r is the radius of a
sample particle.
On a more practical note, once a
sufficient sample size is collected,
if we assume the variance of sample
is larger than the variance of analysis (generally a safe assumption
with modern instrumental methods),
the overall results of a method are
generally better when multiple samples are pooled, mixed, and replicate
subsamples analyzed, which leads us
back to the concept of composite
sampling. With composite sampling,
the individual samples should be
approximately equal size and shape,
and if two or more composite samples are to be compared, the number
of samples comprising each composite should be equal.
Sampling design strategies not only
provide a sound statistical basis for
making comparisons or drawing conclusions, they have the added benefit
of minimizing resource use during the
sampling and analysis procedures.
The U.S. EPA Guidance (2) describes
six types of sampling design protocols: judgmental design, simple random sampling, stratified sampling,
systematic and grid sampling, ranked
set sampling, and adaptive clustering.
Judgmental design is predicated
on knowledge of the features or
conditions under study and on professional judgement. Conclusions
are limited to the validity of the
professional judgment.
Simple random sampling uses random number generators and treats
all possible sampled subunits equally,
which is most useful when the system
is fairly homogenous and random
sampling can provide statistically
unbiased determinations.
Stratified sampling separates the
system into nonoverlapping subpopulations, called strata, thought to be
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homogeneous, which is helpful for
providing estimates when the target
population is heterogeneous, but the
system can be subdivided.
Systematic and grid sampling collects samples at regularly spaced
times or geometric intervals in an
attempt to determine the distribution
of analyte across a system of interest.
Ranked set sampling is a two-phase
method that identifies a set of field
locations, screens to rank locations
within each set, and then selects one
location from each set for sampling,
which provides more representative
samples than simple random sampling. The ranking method and the
analytical method should be strongly
correlated. This design is useful
when the cost of ranking locations
in the field is low compared with the
laboratory measurements.
Adaptive clustering results from
a number of samples using simple
random sampling, then collect ing additional samples where the
m e a s u re m e n t e x c e e d a t h re s hold value. This is used to evaluate
rare characteristics in a population and is appropriate with rapid,
inexpensive measurements.
Composite sampling, as previously mentioned, physically combines
and mixes individual samples in an
attempt to form a single homogenous sample. It reduces the number
of analyses needed. The individual
samples to be composited should
be of equal size and the number of
individual samples in each composite
should be the same. Table I from the
EPA Guidance shows when composite
sampling is beneficial (2).
Other regulatory agencies may
articulate similar sampling designs
protocols. The EPA Guidance summarizes scenarios where these sampling
design types may be appropriate (2),
presented in Table II.

FIGURE 3: Examples of sampling thieves used for collection of samples from granulated solids, free-flowing powders, or liquids.

FIGURE 4: Operation of various types of sampling thieves. The thief is inserted into the
sample and the handle is rotated to open the slots. After the sample is allowed to flow
into the pockets, the handle is rotated to close the slots and the thief is removed from
the sample. Finally, the sample is transferred to an appropriate container.
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TABLE II: Choosing the appropriate sampling design for your problem (complete the sentence)
And you have…

Consider
using…

In order to…

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

A limited budget or a limited schedule

Judgmental
sampling

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

Developing an understanding of
when contamination is present

An adequate budget for the
number of samples needed

Systematic
sampling

Acquire coverage of the
time periods of interest

Developing an understanding of
where contamination is present

An adequate budget for the
number of samples needed

Grid sampling

Acquire coverage of the area of
concern with a given level of
confidence that you would have
detected a hot spot of a given size

Estimating a population mean

An adequate budget

Systematic or
Grid sampling

Also produce information on
spatial or temporal patterns

Estimating a population mean

Budget constraints and analytical costs
that are high compared to sampling costs

Composite
sampling

Produce and equally precise or a
more precise estimate of the mean
with fewer analyses and lower cost

Estimating a population mean

Budget constraints and professional
knowledge or inexpensive screening measurements to assess the
relative amounts of the contaminant
at specific field sample locations

Ranked set
sampling

Reduce the number of analyses
needed for a given level of precision

Estimating a population
mean or proportion

Spatial or temporal
information on contaminant patterns

Stratified
sampling

Increase the precision of the estimate
with the same number of samples
or achieve the same precision with
fewer samples and lower cost

A field screening method

Adaptive
cluster sampling

Simultaneously use all
observations in estimating the mean

Estimating the
prevalence of a rare trait

Analytical costs that are high
compared to sampling costs.

Random
sampling and
composite
sampling

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

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

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

Composite
sampling and
retesting

Classify all units at reduced costs
by not analyzing every unit

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

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

Composite
sampling and
retesting

Identify such units at reduced cost
by not analyzing every unit.

If you are…

Delineating the boundaries
of an area of contamination

tory or trade organizations will often
describe (or mandate) how samples
are to be collected. Devices used to
collect samples must be able to easily
gather a sufficient sample size without
introducing contamination or degrading samples, must be safe to use, and
are easy to clean. Sampling devices
can be quite sophisticated, involving

pumps, adsorbents, or complex flow
paths. However, many devices are
scaled versions of common laboratory
equipment, including spatulas, spades,
syringes, and more. Some specific
sampling devices are discussed.
Obtaining liquid samples often
depends on the depth of the liquid and whether the analyst wishes

to maintain a depth profile. Shown
in Figure 1a is the schematic of a
pipette-style device scaled appropriately and Figure 1b is a manual valve
collection tube.
Simple devices are often used to
obtain analytical samples. We’ve
already mentioned items like spatulas
and spades. Depth profiles of samples
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can be obtained with corers, essentially enlarged versions
of apple corers used in the kitchen, as shown in Figure 2.
A special sample collection tool used with granulated
solids, free-flowing powders, or liquids is the sample thief.
The sampling thief, depicted in Figure 3, generally consists of a handle on a pocketed or slotted rod which is
inserted into the sample. The barrel-shaped covering is
twisted to expose the pockets. Single pockets allow collection at defined depths, whereas multipocketed devices
allow depth profiling. Operation of these devices is shown
in Figure 4.
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● Continued from Page 531
In this case, adjusting the mobile phase pH to decrease the
fraction of analyte that is ionized in the mobile phase may
decrease the degree of overloading, and improve the peak
shape (that is, increasing the pH for bases, and decreasing the
pH for acids). Finally, increasing the ionic strength of the mobile
phase buffer may also help through the addition of inorganic
salts or MS-friendly salts such as ammonium formate or acetate.
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GC
CONNEC TIONS

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

A

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

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

car, especially when it comes to maintaining it at peak efficiency. The first
gift for your gas chromatograph is a
tool and supplies kit, as described
by Hinshaw and listed in Table I.
The list in Table I includes tools, supplies, and consumables. I recommend
keeping a separate, fully stocked
kit with each instrument. In my own
laboratory, we have several instruments from different manufacturers
and of different vintages, from instruments built in the early 1990s to today.
They all use slightly different consumables and slightly different tools, such
as wrench sizes. When you need a tool,
a septum, or a ferrule, you really need
it. Save the time hunting for them
around the laboratory and keep the
necessary tools and supplies with each
individual instrument.
Rereading John Hinshaw’s article
also reminds me of some not-socommon tools and ideas that may
make perfect “gifts” for the already
well-equipped GC instrument and
may change the thinking of even
experienced GC users. For example,
over the years I have made much
use of a digital pressure gauge with
a syringe needle attached. It is inter-

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

Ensure Your Fuel Supply
As cars require fuel, or a big battery
to run, a gas chromatograph requires
gases. Depending on the chosen
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Relative Abundance

detector, one to three (sometimes
four) gas supplies may be required.
Gases may be carrier gases, which
transport the analytes along the column, or detector gases to allow the
detector to operate. At a minimum,
one gas supply is required for most

simple GC–mass spectrometry (MS)
systems, three for flame ionization
detector (FID) systems, and additional gases may be needed for specialized techniques, such as chemical
ionization-MS or tandem mass spectrometry (MS/MS). If cryogens are
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FIGURE 1: Mass spectrum showing an air and water check on a GCxGC–MS system that
failed for water only. The peak at m/z = 18 indicates the presence of water in the gas
flow entering the mass spectrometer.

used to cool the column below ambient temperature, this is yet another
needed supply. Gases that are used
as carrier or detector gases must be
highly pure.
Traditionally, gases have been supplied for GC using compressed gas
cylinders or facility-wide supply systems, which themselves must be supplied by a gas supplier. Over the past
few years, there have been several gas
shortages and ongoing supply chain
and delivery problems that may affect
the ability, especially for smaller laboratories like mine, to obtain the highly
pure gases needed for GC. Because
of recent supply chain shortages and
higher costs, there is increased interest in replacing traditional helium
with nitrogen or hydrogen for the carrier gas in capillary GC (2).
Regardless how you source gases,
it is a good time to check your gas
purity and, if you are not purchas-

TABLE I: Tools and supplies for the gas chromatography laboratory
Critical Tools and Supplies to
Keep with Each Instrument

Critical Tools and Supplies
for the Whole Laboratory

Cool Tools and Fun Things to Have

Gas for measuring hold-up time

Lint-free gloves

Diagonal cutters (for cutting wires only)

Phillips, slotted, and star-head screwdrivers

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

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

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

Correction fluid
Septum puller
Septa (keep plenty of extras handy)

Vial crimper and de-crimper

Inlet liner removal tool

Glass inlet liners (keep
plenty of extras handy)

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

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

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

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

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

Electronic flowmeter with
adapters for instrument outlets

Inlet pressure gauge

Electronic leak detector

Static pad or wrist wrap (if
removing boards or electronics)

Hexagonal key set (star fittings are also
becoming more common)

Manual syringe (for
measuring unretained peak times)

Ferrules, nuts and fittings for
inlets and detectors
Fused-silica column cutter (for columns) and
tubing cutter (for gas lines)
Magnifying glass (for
checking column or tubing cuts)
Mini-flashlight (for inspecting
interior areas of the instrument)
Ruler (for measuring column lengths when
installing fittings)
Open end wrenches sized for the fittings on
the instrument
Vendor-specific tools

Column and detector test mixtures
Dental mirror (for looking in tight spaces)
Dental pick and needle files or pin vise
and drills (for removing septa and debris or
coring out ferrules)
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ing the highest purity gases, to check
and replace your scrubbers, and also
inspect your system for leaks. Carrier and detector gases should be
free of impurities, especially oxygen
(from both the gas source and the
ambient air) and water, which may
be reactive to stationary phases and
may eventually oxidize detector components. LCGC’s ChromAcademy
provides excellent advice on using
in-line scrubbers between the gas
tank and the instrument, and an electronic leak detector is another gift you
can buy for your instrument if you do
not possess one (3).
Once the scrubber media are
replaced and the gas lines are reassembled and pressurized, use an
electronic leak detector (do not use
“Snoop,” soap, or other soap solutions) to test all the connections
to ensure they are leak-free. In his
article, John Hinshaw suggested
using a volatile alcohol, such as isopropanol, and a dropper to test for
leaks in compressed gas fittings.
Making gas line fittings secure and
leak-free, while making sure they are
set up safely, was discussed in previous “GC Connections” columns (4,5).
Figure 1 shows the mass spectrum
from a failed air and water check on
a comprehensive two-dimensional
gas chromatography–mass spectrometry (GCxGC–MS) system. In electron
ionization (EI)-GC–MS, air and water
checks are performed by comparing the signals for air (N 2 , m/z = 28
and O 2 , m/z = 32) and water (H 2 O,
m/z = 18) to the signal at m/z = 69,
which is the base peak for perfluorotributyl amine (PFTBA), the classical
electron ionization mass spectrometry
calibration compound. The presence
of water indicates contamination of
the gas flow reaching the detector.
The absence of air indicates that the
contamination is most likely not coming from a leak to the atmosphere
and that the carrier gas itself is contaminated with a small amount of
moisture. The absence of air is also
an indication that a water adsorbent
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trap is either needed or needs to
be replaced.
Recently, there has been a significant uptick in interest in gas generators for both carrier and detector
supply gases, especially for nitrogen
and hydrogen as carrier gases and
hydrogen and air as flame ionization fuel and oxidant gas. Gas generators today are smaller, require
less maintenance, and provide larger
volumes of more highly pure gases

than their recent counterparts. Gas
generators are a significant initial
capital expense, but in the long run,
they generally produce high purity
gases at low cost with straightforward
maintenance. When making a purchasing decision, sufficient gas purity,
delivery volume, and cost are primary
considerations. In my own laboratory,
we use hydrogen and nitrogen generators and a house air supply that is
surprisingly clean.
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Take Your GC for a Spin
If you work in a regulated industry,
you most likely conduct performance
qualification of your instruments on a
regular basis, according to standard
operating procedures. Many laboratories are not so heavily regulated, so
performance qualification may have
happened only once—when the system was installed.
Treat maintaining your instrument
like maintaining your car. A wellmaintained gas chromatograph can
provide decades of service. Modern
instruments have automated functions for monitoring basic maintenance requirements and conditions,
such as number of injections on
the septum, inlet liner, and column;
gas flows; and temperatures.
For performance monitoring, some
simple experiments and tests can
assist you in ensuring that the instrument is performing as well today as
when it was installed. The first per-

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

Take Yourself for a Spin
Now that we are beginning to travel
again and growing tired of Zoom
meetings, consider attending in-

person chromatography meetings. As a
professor, I can share from experience
that in-person is still the best way to get
trained and increase knowledge and
skills. From my point of view, it is also
the best way to teach. Think of an online
conference or class like a rental car that
you might use while your high-performance car is not available. It is a good
car, but it simply is just not the same
as your personal vehicle. Many of our
favorite conferences for GC are coming
back in-person in 2022; conferences are
already moving to a mix of in-person
and online offerings and of course, you
can peruse their websites for sessions
and speakers of particular interest.
I personally have vivid memories
as president of the Eastern Analytical
Symposium (EAS), which met in Atlantic City, New Jersey, in October 2001,
shortly after the September 11, 2001
attacks. Along with many conferences
following the attacks, EAS struggled in
the wake of travel restrictions and fears,
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and it needed its loyal conferees to survive and ultimately
thrive. As we emerge from the Covid-19 pandemic, conferences will again struggle to redefine themselves or survive
in a new marketplace. Attending in-person is a win-win: You
will get the best training and education at the conference,
and its venue will get the economic benefit of your travel
and attendance. Conferences that are meeting in-person
continue to require varying degrees of Covid-19 prevention
measures, including vaccination requirements, face coverings, and social distancing, so check the website and be sure
you are comfortable with the protocols before you register.
Also, consider engaging or re-engaging with a local chromatography discussion group. Chromatography has a longstanding tradition, going back to the earliest days of our discipline, of local discussion groups where chromatographers
meet regularly in an informal setting to network, discuss
and share ideas (7). Usually, these meetings include a distinguished speaker, along with a dinner and informal networking session with the usual refreshments. Some groups,
such as the Chromatography Forum of the Delaware Valley,
founded in 1966, have an international footprint, sponsoring
sessions and awards at major conferences (8). These local
groups are an excellent way to network and expand your
knowledge of GC without making a major commitment to
travel. Many have been meeting online during the Covid19 pandemic and will likely continue their online presence
going forward, in addition to re-starting in-person meetings.
Having attended both, I much prefer the in-person meeting: You can arrive after work, enjoy some socializing and
networking, and listen to an outstanding lecture before concluding the evening with more discussion and networking.
As we head into the holiday season and approach the end of
a second year filled with unusual experiences and uncertainty,
it is a good time to think about how we can move forward
with some new thinking about GC and our own professional
development and knowledge. Just as the high-performance
car owner lovingly maintains and adds accessories and capabilities to a car, we can lovingly care for our instrument and,
with the holiday season approaching, stock up our “garage”
with tools and accessories to make our work easier and more
enjoyable, and to encourage our thinking. Just as a high-performance car owner might travel to a car show or hang out
with a local auto club to catch up on the latest accessories
and tools, a chromatographer should attend a conference
or engage with a local chromatography discussion group to
learn the latest advances and see the latest tools and instruments. Treat your gas chromatograph as a high-performance
instrument, like a high-performance car, and it will provide
years of fast, high resolution results and excellent science.
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Part 3: Expert Advice for Overcoming
the Good, the Bad, and the Ugly in Cannabis Potency Testing
In the third part of this six-part series, Cannabis Science & Technology
sat down with Anthony Macherone, senior scientist and cannabis
technical lead for Agilent Technologies, and Sue D’Antonio,
application scientist at Agilent Technologies—who have worked
together for five years on cannabis and hemp testing solutions—to
discuss potency testing methodology UV detection versus mass
spectrometry, and more.
MACHERONE: What is the number one issue with potency
testing methodology?
D’ANTONIO: Potency methodology should be called cannabinoid
concentration testing because we’re not looking at the potency
and how it affects people; we’re looking at the concentrations of
cannabinoids in a given sample. In a non-matrix environment, it’s a
simple and easy method to perform, but the minute we introduce
standards into the matrix, we see interferences.
Cannabis and hemp is a complex plant with hundreds of endogenous
chemicals including cannabinoids, terpenes, and flavonoids, so the
sample needs to be looked at in the matrix. Donna Payne from CWC,
who truly is a rocket scientist because she had experience with
NASA before, was instrumental in moving me toward LC-MS and
highlighting the effect of the matrix.
MACHERONE: You need matrix matching for calibrators and controls,
but it’s difficult to find a cannabinoid-free matrix. We’ve used
hemp seed oil as a blank matrix. We call it potency testing, but it is
quantifying not only delta9-THC/THCA but many other cannabinoids
found commonly in these materials.
MACHERONE: Why are you focused on mass spectrometry versus
detection with UV detectors?
D’ANTONIO: Do you want to trust your certification of hemp to UV?
Because UV can have matrix interference, and many of the matrices,
especially with oil, have plant material in them. Plus, the plant
material has color pigments that can be absorbed in UV. These aren’t
compounds with chromophores, which light up in UV; these are
compounds that have relatively (A) uninteresting UV spectra and (B)
have very little differentiation.
Agilent OpenLab CDS has excellent and easy-to-use library matching,
and mass spectrometry gives lower quantitation and more certitude.
So, if you’re going to defend your product as being hemp, you want
the certitude that you are below 0.3 percent by weight of delta9-THC.

Sue D’Antonio
Application Scientist
Agilent Technologies

Anthony Macherone
Senior Scientist
Cannabis Technical Lead
Agilent Technologies
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MACHERONE: That’s a great point—UV detectors
are nonselective—they generate spectral and some
structural information, allowing you to differentiate
acids from neutral cannabinoids but not much
beyond that. Mass spectrometry is a selective
3D detector. Although diode array gives a third
dimension of the spectra, with mass spectrometry,
that third dimension is essentially a fingerprint—
an M+H in LC-MS or a spectral fingerprint with
electron ionization/GC-MS. If you only have a UV
non-selective detector and an unknown compound
elutes at the same time as a known cannabinoid,
you will see the sum of those two areas and provide
the wrong quantitative value. You don’t have mass
spectrometry to distinguish what is co-eluting,
which means you run the risk of over quantifying or
false positives.
MACHERONE: Why do you use multimode source?
D’ANTONIO: The multimode source is one of
the best sources that Agilent makes, and it’s a
simultaneous atmospheric pressure chemical
ionization (APCI) and electrospray ionization
(ESI) source.
A lot of work we’ve done has been on a multimode
in ESI-only mode, which increases sensitivity. We got
a limit of detection of 5 ppb with the standard. In
the matrix, we were about 50 ppb (0.5 ppm). It gave
us quite a bit of detection and certitude.
When it comes to terpenes, at least five of them,
limonene being the most interesting, will ionize in
APCI. And since we’ve seen terpenes show up in
samples, we started to run samples in multimode,
and it hasn’t affected our sensitivity. (This is all
thanks to JF Roy in Agilent’s Montreal lab.) We are
getting the same sensitivity for cannabinoids in
matrix with mixed-mode as we are with ESI-only.
That is to be expected because, since 2005, data has
proven that the multimode in ESI mode is just as
sensitive. We’re working on vaporizer temperatures
to see if we can make APCI just as sensitive. So, with
a matrix like cannabis, where it is mixed with all
sorts of products, the more data, the better.
Anthony, why aren’t we doing derivatized GC/MS? If
you only look at the compounds we’re analyzing and
don’t consider the decarboxylation issue, they are
gas chromatographic compounds.

DEDICATED DIALOGUE

MACHERONE: The issue you bring up is that in the
hot inlet of a gas system, all the phytocannabinoid
acids, CBDA, THCA, CBGA, etc., decarboxylate and
therefore the peak for THC or CBD is the sum of
the two.
If you want to look at the full cannabinoid
profile with GC/MS, you must do something like
derivatization. Most folks in this market have gone
with liquid chromatography because you don’t have
an issue with decarboxylation. Instead, you can get
the full acid/neutral profile.
JF Roy, who you mentioned, is doing a lot of great
work with our colleague Christophe Deckers with
potency testing and different matrices. They just
published an application note that solved some
challenging issues with sample preparation for
potency testing in chocolates. They are still working
on beverages and hard candies, but a lot of great
work is coming out of that Agilent lab.
MACHERONE: Where do you see high-resolution
accurate mass (HRAM) instruments fitting into
the cannabis potency/concentration/
determination methodology?
D’ANTONIO: We used accurate mass time of flight
(TOF) for two reasons. First, my customer started
working with a hemp seed oil manufacturer that
wanted to verify they were selling a legal product.
They were adamant that we look at the certitude
of the delta9-THC. He also wanted to be sure his
product wasn’t adulterated or treated.
MACHERONE: I’ve been looking at hemp and
cannabis products more comprehensively. A sample
comes into your laboratory and goes through an
LC- or GC-TOF, which tells a lot about what’s going
on in those samples. Cannabinoids can be easily
quantitated using LC-TOF, but you get a flavonoid
profile and start to see terpenoids. Terpenoids are
terpenes that are functionalized with things such
as hydroxyl moieties. You also start to see pesticides
and, interestingly, we had a putative identification
of JWH200/JWH201, which are known synthetic
cannabinoids. But all of this has to be confirmed.
TOF allows you to look at and quantitate much
more. It is a comprehensive approach and allows
you to look beyond what’s on a state target list.

DE44343.6254513889
Agilent products and solutions are intended to be used for cannabis quality control and safety testing in laboratories where such use is permitted under state/country law.
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ON
BIOPHAR M ACEU TIC AL
ANALYSIS

Intact Mass Analysis of Biopharmaceuticals
as its Own Unique Application
With the number of complex biologics, such as antibody–drug conjugates (ADCs), increasing, reliable, reproducible, and rapid
methods are needed for their bioanalytical characterization. Arguably, the most common analytical technologies currently used
for characterizing biologics are liquid chromatography (LC) and mass spectrometry (MS) focused on liquid chromatography–
tandem mass spectrometry (LC–MS/MS) peptide applications. Just as important is the application of LC–MS to analyze the intact
mass of these products. In this column, we explore the most current applications of intact mass analysis, such as quantitation,
sequencing, and structural characterizing. The advantages and disadvantages of intact mass analysis are discussed, and a short
discussion of how peptide characterization is an orthogonal application to intact characterization is presented. The difference
between top-down MS and intact mass analysis is explored, because the two terms are often mistakenly used interchangeably.
Finally, intact multi-attribute methods (MAMs) are discussed as well as an unique intact mass approach in characterizing ADCs.

C

haracterization of biopharmaceuticals is important throughout the
life cycle of the drug product to ensure
the safety, efficacy, and quality of the
product. This characterizing is particularly important for biologics because
they are produced in living organisms
and cells, which introduces variability
into the product. Not one technology or
technique can provide all the evidence
necessary to characterize any given
product. As a matter of fact, the phrase
“totality of the evidence” is used to
describe the diverse data needed to prove
the safety, efficacy, and quality of a product.
One of the most used techniques
to characterize a biologic is liquid chromatography (LC) and mass spectrometry (MS). The most common MS technique used is liquid chromatography
tandem mass spectrometry (LC–MS/MS),
which is your traditional bottom-up MS
experiment where molecules, such as proteins, are digested with an enzyme, commonly trypsin, and then analyzed using
LC–MS/MS at the peptide level (Figure 1c)
(1). Typical information gained from this type

of experiment is sequence coverage and
post-translational modification location (1).
Alternative to bottom-up analysis is
top-down analysis. In top-down analysis,
molecules and proteins are injected into
the MS instrument without prior digestion and often bypasses the use of the
liquid chromatographer. As illustrated
in Figure 1a, the intact molecule is fragmented inside the MS instrument in a
variety of different ways, such as funnel
skimmer dissociation (FSD), electron
capture dissociation (ECD), and electron
transfer dissociation (ETD) (1).
In addition to bottom-up and topdown approaches, there are middledown approaches worth mentioning. In
middle-down approaches, the molecule
is digested in a limited fashion or broken down in a controlled manner. In the
case of antibody biopharmaceuticals,
they often break down the disulfide
bonds and leave the heavy and light
chains separate, which allows for easier
analysis. Middle-down approaches are a
valuable tool when using true intact mass
analysis because the light chain is often

not modified, and the heavy chain is
modified with terminal lysines or glycans,
as shown in Figure 1b (1).
Here, we discuss intact mass analysis of biopharmaceuticals as its own
unique technique. Often, individuals will
use top-down and intact mass analysis interchangeably, when, in fact, they
are two different things. Simply put,
top-down analysis includes fragmentation of the intact molecule, whereas
intact mass analysis does not. Let us
consider some of the areas that intact
mass analysis can add value in biopharmaceutical analysis: sample preparation,
quantitation, sequence, structural characterization, intact multi-attribute methods (intactMAMs), and approaches to
more complex molecules like antibody–
drug conjugates (ADCs).

Sample Preparation
One of the most important things to
consider with any MS experiment is
sample preparation because garbage
in means garbage out. This saying is
especially true in regards to intact mass

Icon Image: (Columns) Joe Zugcic / Zugcic Photographers, Inc.
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In this case, we are not elucidating the three-dimensional structure of the molecule, but instead leveraging the intact mass
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Historically, protein quantification has been done on peptides
from a bottom-up analysis. However, over the last several
years, the sensitivity of current MS instruments has improved
and now can quantify large proteins from their intact mass
spectra. Previously, quantification of intact proteins had been
limited to molecules that could be resolved isotopically, generally below 25 kDa in mass. That is because the extracted
ion chromatograms of individual isotopes of a given charge
state were used for quantification (1). In more recent years,
absolute quantification has been shown for intact monoclonal
antibodies (mAbs) using deconvoluted intact mass spectra to
be equivalent to isotopic quantification (1,5). Thus, high resolution intact mass spectra can be used in the quantification of
the molecule either using specific isotopic peaks of a given
charge or by using a deconvoluted peak (1).

The best separations
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Quantitation

spectrometry data to gain some general insights into the structural aspects of the molecule. For the sake of argument, posttranslational modifications, such as glycosylation, are considered structural elements.
Intact mass analysis is useful and important in this aspect
because it gives you a global view of the protein or molecule.
In other words, intact mass analysis provides insight into the
heterogeneity of not only the molecule, but the sample itself
(what is inside the tube). When considering biotherapeutics,
it is important to understand intact mass analysis because there
are no proteins or drug products that are homogenous.
The charge distribution, or the charge state envelope,
also provides some insight into the molecule. Comparing
the charge state distribution of the same protein or biologic
across batches may imply a change in structure if the distribution changes as low charge states are generally indicative of a
more compact molecule, whereas molecules with larger charge
states are less compact. In addition, using soft ionization mass
spectrometry conditions can allow some structural elements of
a protein, such as oligomerization, to remain intact and to be
detected in an intact mass spectrometry experiment.
The distribution observed in an intact mass analysis is particularly important when monitoring ADCs. Briefly, an ADC is an
antibody armed with a chemical warhead that is meant to act as
the active pharmaceutical ingredient. The antibody gives specificity to deliver the chemical warhead to the specific location

MICRON

analysis. Not every protein will be amenable to intact mass
analysis, although most antibodies are. For example, many
proteins aggregate in the presence of acetonitrile or formic
acid, which makes them not amenable to intact mass analysis. Often, samples are sprayed directly into the MS instrument using high performance liquid chromatography (HPLC)
grade water or ammonium acetate, meaning the sample of
interest must be stable in those (or another) solvents to be
amenable to intact mass analysis.
There are many ways to prepare your sample for intact protein analysis. Let us consider just two of them as examples.
The easiest sample preparation process is to simply dilute
the sample in the solvent to be used in the MS experiment.
Diluting the sample oftentimes reduces other competing
elements out of the signal. Another popular sample preparation approach involves buffer exchange, where the protein
sample is added to a buffer exchange centrifuge device with
ammonium bicarbonate, which competes off many sodium
adducts and then subsequently with the spraying solvent
usually either HPLC grade water or ammonium acetate (2).
In thinking about sample preparation for intact proteins,
remember that small molecule sample preparation techniques cannot be applied to large molecules.
One of the biggest advantages for intact mass analysis is
that it needs minimal sample preparation. The more a sample
is manipulated or processed, the more likely artificial modifications and changes can occur on the molecule. There have
been numerous examples in the literature of sample preparation involved in bottom-up analysis that have caused disulfide
scrambling, added exogenous modifications, such as oxidation, and even deamidation (3,4). The less a sample is handled,
the less chance there is for artifacts being introduced from
sample preparation.
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FIGURE 1: Illustration of top-down, middle-down, and bottom-up mass spectrometry.

where a cell may be lysed, for example.
In observing the intact mass of an ADC,
the distribution will provide information
as to how many drugs are conjugated
to a given antibody and if the antibody
is conjugated (1). As a matter of fact,
this same principle can be applied to
monitoring glycosylation.
Lastly, intact mass analysis can be
used to monitor degradation products or aggregation. For example, in
the case of mAbs, dissociation of the
heavy chain and light chain can be
monitored, which is indicative of degradation of the antibody assuming, or
course, no chemicals were added to
induce that dissociation. Also, if the
biologic is being truncated at the N- or
C-termini the intact mass observed will
be less than that of the expected mass,
thus suggestion potential degradation.
Along with degradation, intact mass
analysis can give insight into the oligomeric state of a molecule. If the mass
is larger than expected, then it can be
assumed that molecule is aggregating.
Often for biologics, the aggregation
pathway is through oligomerization,
such as dimer, trimer, and tetramer, and
then to larger aggregates (fibrils) (6).

Intact Multi-Attribute
Methods (Intact-MAMs)
In a previous column, we discussed
MAMs (7). However, we did not at that
time discuss intact-MAMs. Briefly, MAMs
have most commonly been applied in a
bottom-up type approach, where specific critical quality attributes of a biologic are monitored. In this example,
sequence coverage and post-translational modifications are monitored in
one aspect and new peak detection is
used in another. Thus, both make up
traditional MAMs (7). Based on the discussion of intact protein analysis above,
intact-MAMs, can be defined as MAMs
in which the intact biologic or in some
cases intact subunits are analyzed. The
focus of intact-MAMs is monitoring specific post-translational modifications in
the biologic, monoclonal antibody, such
as glycosylation. One of the more exciting applications of intact-MAMs is in the
quality control space, including at some
point perhaps inline intact-MAMs monitoring. In a recent paper by Lanter and
others (8), the authors describe a workflow where sample is pulled directly from
the bioreactor, centrifuged to remove
cell debris, reduced and the heavy and

light chain can be monitored for modifications. In addition, the authors showed
they could monitor glycosylation of the
heavy and light chain of the antibody
using this method (8).
Another important use for IntactMAMs is with ADCs. In traditional MAMs,
where the protein is digested, the drug
distribution profile of the ADC is lost,
thus intact-MAMs provides some added
benefit. Specifically, Intact-MAMs for
ADCs allows for product identity confirmation, quantification of the different conjugated species, and to monitor
drug-to-antibody ratio (9). Interestingly,
in both examples new peak detection is
not part of the Intact-MAMs workflow, so
perhaps it is not truly Intact-MAMs until
that is included, but instead just normal
intact mass analysis?

Data Analysis
An important aspect of intact mass
analysis to consider is data analysis and
the actual information gathered from
the analysis. In an intact mass analysis,
you can obtain the exact mass of the
molecule that can be compared to a
theoretical mass of the molecule or the
molecule itself as a reference standard.
However, only a mass can be obtained,
and no sequence data can be obtained.
For comparison of a molecule between
lots or batches this does not cause a
problem, or if you wanted to compare
an innovator drug to a biosimilar that too
is doable. However, you are not able to
identify a protein based on sequencing
but instead only on the mass obtained.
In addition, post-translational modifications are only obtained on the global
level and are not able to be localized to
any given amino acid. The advantage
here is you know how many modifications you have per molecule, but not
much else. As an example, in a bottom -up experiment the data suggested
that all cysteines present were involved
in disulfide bonds, however the intact
mass of the molecule confirmed that
there was only one disulfide bond. Thus,
we observed scrambling of disulfides
in the peptide mapping experiment
(10). Thus, as with any experiment, it is
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good to understand what information
can be gathered, what the limitations
are, and how to address limitations with
orthogonal techniques.

Conclusion
Intact mass analysis, an orthogonal approach to peptide mapping, is
an important analytical technique to
characterize biologics in its own right.
Many analytical workflows for biologics start with an intact mass analysis first,
followed by an intact mass analysis of
the reduced antibody, followed by peptide mapping and finally released glycan
analysis. The reduction in sample preparation and analysis time may be valuable in
real-time analysis of drug products as well
as reducing or eliminating any artifacts
of analysis that may occur. Intact mass
analysis gives a global view of the heterogeneity of biological drug substance
and drug product and provides an opportunity to quantitate those molecules and

conjugates. Intact mass analysis is especially important for more complex molecule characterization such as for ADCs.
Thus, intact mass analysis is another tool in
our analytical toolbox to ensure safe, effective, and quality biopharmaceutical products.
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Advanced Analytical Solutions
for Life-Science Technologies
Recent life-science technologies incorporate
polymers and biopolymers as key component of
their drug products. Polymers play essential roles
in controlled drug elution and target drug delivery,
therefore advanced analytical solutions are required to
properly assess the safety and efficacy of these new
life-science technologies.
LCGC: What kind of life-science technologies does PolyAnalytik
work with?
LANDRY: We analyze a wide range of polymer-containing medical
technologies. In the medical device industry, medical-grade
polymers such as polyesters are used as drug delivery components
in implantable devices such as drug-eluting stents and drug-coated
balloons used to treat heart disease. In the pharmaceutical industry,
polymers are used as drug delivery vehicles, such as micelles, that
target and deliver drugs to specific organs, and biopolymers are
also used as excipients in pharmaceutical tablets. In the biopharma
industry, biosimilars such as antibodies like immunoglobulin G are
routinely analyzed to understand the composition, molecular weight,
and presence of aggregates in the sample.
LCGC: What kind of studies are typically conducted for these lifescience technologies?
LANDRY: Comparative analysis from approved-drug products to
generic versions is one kind of study that can be conducted, which
provides information on the molecular differences between the
two products. For implantable medical devices, an assessment
of biocompatibility is required, which includes in-vitro and invivo degradation studies. From a chemistry, manufacturing, and
controls perspective, it is important to understand the effects of
manufacturing stages. For example, the sterilization effects on the
end molecular and thermal physical properties as the final drug
product. The stability of the drug product also needs to be assessed
thoroughly as part of the control manufacturing and controls
characterizations as well as establishing specifications for the polymer
used in the drug product.
LCGC: What analytical technologies are typically used in these studies?
LANDRY: I used a wide range of analytical techniques in these
studies, which spans from chromatography and thermalphysical characterizations to spectroscopy and microscopy. Of
particular importance for polymers is the use of gel-permeation

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

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

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

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

Residual monomer levels in the polymers used
in the drug products can be done by nuclear
magnetic resonance (NMR) spectroscopy or gas
chromatography. PolyAnalytik is equipped with
all these techniques to provide a comprehensive
chemical assessment of medical products.
Moreover, PolyAnalytik has the access to platforms
that develop advanced simulation analysis.
LCGC: What kind of analytical information is
provided to clients?
LANDRY: With GPC characterizations, the molecular
weight averages, including number-average
molecular weight and weight-average molecular
weights, are provided. Conventional GPC is most
widely used to obtain relative molecular weights
by calibrating with carefully selected polymer
standards. However, we can also utilize advanced
detection methods to determine the absolute
molecular weight of unknown polymer samples.
While knowing the refractive index increment of
the polymer, concentrations can also be calculated.
These measurements are important to characterize
the degradants products of the polymers in-vitro
and in-vivo.
Percent mass loss and molecular weight loss as
a medical-device implant coating can then be
calculated. These characteristics are important

LCGC: What are the main considerations in
planning studies for life-science technologies?
LANDRY: First, we must understand the objective of
the study. That is, is it for chemistry, manufacturing,
and controls or for regulatory safety assessment? In
the case of safety assessments, we must first obtain
information on the quantities of the polymers in
the final drug product to utilize a method with
appropriate detection and quantification limits.
For in-vitro or in-vivo degradation experiments, the
time points must be selected to reflect up the 90%
degradation of the polymer. To do this, we must
understand the polymer chemistry and routes of
degradation. For polyesters, such as poly lactic acid
(PLA) and poly glycolic acid (PGA), the mechanism
of degradation is primarily hydrolysis.
We know that the higher crystallinity of PLA
renders its degradation time to be within one to two
years. Whereas PLGA, which is more amorphous,
degrades within several months depending on the
lactic acid composition of the polymer. Based on the
quantities of the polymer in the final drug product,
which may range from 50 to 1000 micrograms,
we must decide at which time point the pooling
of samples is necessary according to the methods
of detection and quantification limits. Proper
planning of the studies involves a comprehensive
understanding of the polymer properties used in
the final drug product.
Many of our customers have used our state-of-theart facilities to provide them with accurate polymer
properties prior to establishing full studies that they
then complete with us and submit to regulatory
bodies to gain their first in-human clinical trial.
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Determination of Fipronil and Its Metabolites in
Eggs and Environmental Matrices by LC–MS/MS
Fipronil is a widely used insec ticide. Exposure of humans to fipronil can cause harmful health ef fec ts.
The aim of the present work is to develop a liquid chromatography–tandem mass spectrometry (LC–MS/
MS) method for the rapid detection of fipronil and its metabolites in eggs and environmental matrices
(soil, feed, and chicken feed bags). Solvent extraction was performed with a mixture including water, acetonitrile,
and sodium chloride, followed by purification using a solid-phase extraction column. The LC separation was
accomplished on a C18 column, and the detection was performed with a triple quadrupole mass spectrometer
using electrospray ionization in multiple reaction monitoring (MRM) mode. The results showed a good linear
relationship between fipronil and its metabolites in the range of 0.01 to 20 ng/mL, and the linear correlation
coefficients (R 2 ) were all greater than 0.999. The detection and quantification limits of the method for all
analytes were 0.01 and 0.05 ng/mL, respectively. The precision expressed as coefficients of variation (n = 3)
for assay of fipronil and its metabolites ranged from 8.4% to 13.2% at three levels (0.1 ng/mL, 1 ng/mL, and
10 ng/mL). The recoveries ranged from 81.3% to ~119.5%. Finally, we successfully employed the method to a case
of fipronil contamination, and found residues of fipronil and its metabolites in eggs and the environmental matrix.
Shengming Wu, Junqing Zhao, Junjian Fang, Hui Li,and Fangting Dong

F

ipronil is a type of benzopyrazole
insecticide developed in 1987 by
Bayer Scientific Crops Co. Ltd. (1),
and is widely used to control crop
pests in vegetables, rice, tobacco,
cotton, animal husbandry, and public health. Fipronil is metabolized
slowly in the environment, and has
a half-life of about 125 days (2).
Exposure to fipronil causes negative health effects to humans, such
as skin irritation, sweating, nausea,
vomiting, headache, stomach pain,
dizziness, weakness, and seizures.
It was reported in 2017 that eggs
contaminated with fipronil had been
widely found all over the Europe (3).
In China, the abuse of fipronil
is also widespread. A recent case
occurred at a farm in Beijing where
fipronil was heavily used as a pesticide in chicken feeding. The National
Center of Biomedical Analysis was
asked to help provide data concerning fipronil and its metabolites for
the eggs of chickens at this farm
and environmental matrices (including soil, chicken feed, and chicken
feed bags). To achieve this purpose,
it was essential to establish a rapid
and sensitive method for identifica-

tion and quantification of fipronil and
its metabolites in different matrices.
In the existing literature, the detection of fipronil in honey, soil, and
water (4–7) has been reported, and the
detection methods were focused on
analytical techniques such as gas chromatography (GC), GC–tandem mass
spectrometry (GC–MS/MS), liquid chromatography–tandem mass spectrometry (LC–MS/MS), and high performance
liquid chromatography (HPLC) (8–10).
LC–MS/MS, because of its excellent sensitivity, ensures the minimum
detection limit of ultratrace materials,
and has high performance and reliability standards; the technique is
widely used in various fields. Recently,
Li Xiaoming (11) developed a simple
and sensitive method for the analysis of
fipronil residues in animal-derived foods
using LC–MS/MS, but he did not evaluate other types of matrices. There are
few reports of simultaneous detection
of fipronil and its metabolites in multiple types of matrices by LC–MS/MS,
especially in fipronil product packaging,
which is similar to packaging of beverages (leading to cases of poisoning) (12).
In this study, we describe a method
for the detection of fipronil and its

metabolites (Figure 1) in eggs and
environmental matrices based on
solvent and solid-phase extraction
and LC–MS/MS. We hope that our
study can solve the problem of trace
analysis of fipronil and its metabolites in various matrices.

Materials and Methods
Instruments
A Waters Xevo TQ-S triple-quadrupole mass spectrometer, equipped
w i t h a n e l e c t ro s p r a y i o n i z a t i o n
source, was used. A Waters Acquity
ultrahigh performance liquid chromatography (UHPLC) system was
used to perform LC analysis. The turbine mixer was from Shanghai Jingke
Industrial Co. Ltd. The electronic balance was a product of O’Haus Instruments Co. Ltd., and the high speed
freezing centrifuge is manufactured
by Sigma-Aldrich.
Regents and Materials
Eggs, soil, and chicken feed bags
were acquired from a chicken farm in
Beijing, China. NaCl was product of
China Pharmaceutical Group Chemical Reagent Co., Ltd. Acetonitrile and
acetic acid were chromatographically
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pure, produced by Merck. A column
extractor (60 mg/3 mL) and nylon
needle filter were produced by Agela.
Fipronil and its metabolites (fipronil,
fipronil desulfinyl, fipronil sulfone,
and fipronil sulfoxide) were purchased
from the National Standard Centre.
Preparation of Stock
and Working Solutions
Individual stock solutions of fipronil,
fipronil desulfinyl, fipronil sulfone,
and fipronil sulfoxide were prepared
in a concentration of 200 μg/mL by
dissolving 2 mg of each compound
in 10 mL acetonitrile. All stock solutions were stored at -20 °C in the dark
until use. Each stock solution was
mixed and diluted to concentration
of 1000 ng/mL in acetonitril as mixed
stock solution. The working solutions
were prepared by freshly diluting the
mixed stock solutions with acetonitrile at concentrations of 100, 50, 20,

TABLE I: Gradient elution procedure
Time (min.)

Mobile Phase
Water (%)

Acetonitrile (%)

0.5

45

55

1.0

20

80

4.0

20

80

4.5

45

55

7.0

45

55

10, 1, 0.5, 0.1, 0.05, and 0.01 ng/mL,
respectively. All standard working
solutions were also stored at –20 °C
in the dark until use.
Extraction and Purification
Each sample (5 g) was homogenixed
in a blender, and transferred to a
15 mL centrifuge tube, 5 mL water
was added, followed by 10 mL acetonitrile containing 1% acetic acid (v/v).
The mixture was briefly shaken and

extracted by ultrasound for 10 min.
Then, 3 g of NaCl was added to the
mixture. After centrifugation for 5 min
at 8000 RPM/min, the supernatant (2
mL) was transferred to an extraction
column (no activation or leaching
required). The first 0.5 mL outflow
was discarded, and the subsequent
sample loading outflow was collected. Next, 0.5 mL water was added
to the 0.5 mL of collection solution,
and filtered with a 0.22 μm nylon filter.
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TABLE II: Mass spectrometry acquisition parameters for the assay of fipronil and its metabolites
Cas No.

Molecular
Weight

Precursor
Ion (m/z)

Product
Ion (m/z)

Collision
Energy (V)

Fipronildesulfinyl

205650-65-3

389.086

387.00

351.0/282.0

15/30

Fipronil

120068-37-3

435.939

435.20

330.1/245.0

18/30

Fipronilsulfoxide
sulfoxidesulfoxidesulfoxide

120067-83-6

419.944

419.00

383.0/261.2

12/30

Fipronilsulfone

120068-36-2

451.934

451.00

415.0/281.8

15/30

Compound

The filtrate was collected and stored
at –20 °C in the dark for later use.
LC Analysis
LC analysis was performed with
a Waters Acquity UHPLC system
The analytes were separated on
an Agela Venusil MP C18 column
(3.0 × 50 mm, 3 µm) in gradient elution mode (Table I) with water–acetonitrile as mobile phase. The column
temperature was maintained at 30 °C

TABLE III: Regression equation, correlation coefficient, detection limit, quantification limit, and coefficient of variation for the assay of
fipronil and its metabolites
Regression
Equation

Correlation
Coefficient

Limit of
Detection
(ng/mL)

Limit of
Quantitation
(ng/mL)

Coefficient of
Variation (%)

Fipronil

y = 194379x - 183.149

0.999 8

0.01

0.05

8.4 ~ 11.5

Fipronilsulfone

y = 301603x - 1206.34

0.999 3

0.01

0.05

8.6 ~ 11.9

Fipronilsulfoxide

y = 165388x - 512.869

0.999 5

0.01

0.05

11.9 ~ 13.2

Fipronildesulfinyl

y = 163958x + 204.845

0.999 2

0.01

0.05

10.5 ~ 13.0

Compound

Michael Tessalone | (732) 346-3016 | mtessalone@mjhlifesciences.com
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TABLE IV: Test result of practical samples
Content (mg/kg)
Compound

Soil Outside
the Henhouse

Soil in the
Henhouse

Fodder

Chicken Feed
Bags

Egg

Fipronildesulfinyl

---

0.008

---

0.0005

0.0003

Fipronil

---

0.0005

---

0.017

0.001

0.0005

0.003

---

0.0015

---

0.01

0.015

---

0.0006

0.02

Fipronilsulfoxide
sulfoxide
Fipronilsulfone
sulfone
Remarks: ”---” means undetected.

during LC analysis; the injection volume was 5 µL, and flow
rate of 0.4 mL/min was used.
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Tandem Mass Spectrometry
The mass analysis was performed with a triple quadrupole mass spectrometer equipped with an electrospray
ionization source. Waters Masslynx 4.0 software was used
to control the spectrometer, and to collect the data.
The electrospray ionization (ESI) source was operated in
the negative-ion mode, and the conditions were set up as
following: Electrical spray voltage: –4500 V; aerosol pressure: 45 psi; air curtain pressure: 15 psi; auxiliary gas pressure: 50 psi; ion source temperature: 450 °C. The ions were
monitored in multiple reaction monitoring (MRM) mode.

F

F
O

(a)

F

N
N

N

F
Cl

FIGURE 1: Molecular structures of (a) fipronil, (b) fipronilsulfone, (c)
fipronilsulfoxide, and (d) fipronildesulfinyl

Results and Discussion
MS/MS Detection
Each reference solution was directly injected into the
mass spectrometer with a concentration of 0.5 mg/L.
In MS tuning mode, four parent ions are tuned manually.
At this stage, the positive and negative ion modes were
used to compare their sensitivity to analyte molecular ions.
It was found that, in ESI mode, all four samples had higher
responses. The optimized parameters are shown in Table
II. The MRM chromatograms for the blank control and
fipronil and its metabolites are shown in Figure 2.
Method Validation
The results of the linearity evaluations for fipronil, fipronil
desulfinyl, fipronilsulfone, and fipronil sulfoxide are summarized in Table III. Calibration curves showed good linearity for all compounds in the concentration range of
0.05~20.0 ng/mL, and the linear correlation coefficients (R2)
were all greater than 0.999. The detection limit of fipronil
and its metabolites were all 0.01 ng/mL (estimated based
on the signal-to-noise ratios [S/N] 3:1), while the determined quantitative limit were all 0.05 ng/mL with the S/N
of 10:1. This method shows the potential to detect trace
amounts of fipronil and its metabolites in various matrices.
Under the abovementioned test conditions, the samples
of fipronil and its metabolites were prepared at three con-
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Quality HPLC and
SFC Columns

Offering a wide range
of phases and dimensions for
both analytical and prep

www.pci-hplc.com | 609.860.1803
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(b)
Fipronil sulfone

%

IR /%

(a)

0

2.00

2.20

2.40

2.60

Time

2.80

3.00

0

2.00

2.20

2.40

2.60

Time

2.80

3.00

0

3.40

3.20

3.40

Fipronil sulfoxide
2.00

2.20

2.40

2.60

Time

2.80

3.00

3.20

3.40

Fipronil desulfinyl

%

Time

IR /%

8
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50

0

3.20

Fipronil

%

IR /%

%

IR /%

%

IR /%

100

2.00

2.20

2.40

2.60

Time

2.80

3.00

3.20

3.40

FIGURE 2: Typical MRM chromatogram for (a) blank chicken eggs, and (b) analytes each spiked at the concentration of 0.1 ng/mL.

centrations (0.1 ng/mL, 1 ng/mL, and 10 ng/mL), and each
was continuously tested six times for precision estimation.
The coefficient of variation (CV) for the assays of fipronil
and its metabolites, calculated based on six replicate analyses, were between 8.4~13.2%, indicating that the method
has good precision. The results are shown in Table III.

Recoveries and Matrix Effects
Recovery and matrix effect tests were performed with
spiked samples. Fipronil and its metabolites were added
to the soil, plastic bags, and eggs at the final concentrations of 0.1 ng/mL, 1 ng/mL, and 10 ng/mL, respectively.
Recovery experiments were performed by comparing the
analytical results of the extracted samples with unextracted
standards (in acetonitrile for this test) representing 100%
recovery. The recoveries for the assay of fipronil and its
metabolites ranged from 81.3% to 119.5% in three different matrices. The matrix effects of all the compounds were
evaluated by comparing the MS/MS responses of fibufenil
and its metabolites at a concentration of 0.1 ng/mL in six
batches of blank soil, plastic bags, and egg extract with
those of the analytes with acetonitrile. The matrix effects
for all the analytes were not significant. This method has
good anti-interference ability, and can be used for the
determination of trace fipronil and its metabolites under
various conditions.
Method Application to Authentic Case
After the outbreak of fipronil contamination in Europe,
we received a request from a large farm in Beijing for the
detection of fipronil and its metabolites. The samples
include the eggs, soil in and outside the henhouse, chicken
feed, and chicken feed bags. All samples were extracted
with a mixture including water, acetonitrile, and sodium
chloride, and then purified using a solid-phase extraction
(SPE) column (PEP Plus, Agela Technologies). The extraction was analyzed by LC–MS with the method described
here. The test results are shown in Table IV. Fipronil and
its metabolites were all detected in soil in the henhouse.
Fipronil and two metabolites were detected in eggs,
but fipronil sulfoxide was not detected. Two metabolites
were detected in the soil outside the henhouse, but no
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fipronil or fipronil desulfinyl were detected, probably
because fipronil had been degraded. Surprisingly, fipronil
and its metabolites were not detected in chicken feed,
but they were detected in chicken feed packaging, probably because only the soil was contaminated, therefore
there was only adhesion to the outside of packaging,
but the feed was not contaminated. Tests showed that
eggs and the environment at the farm had been contaminated with fipronil, and eggs from the farm were advised
against consumption.

Conclusion
In this study, an LC–MS/MS method has been established
for the detection of fipronil and its metabolites in eggs
and the chicken farm environment. Solvent extraction
coupled with SPE were used for pretreatment, which
has high extraction efficiency and simple and quick
operation. The whole analysis process is simple and fast.
The method has good accuracy and high precision,
and is suitable for the trace analysis of fipronil and its
metabolites in soil, organic materials, and food samples.
Finally, we successfully employed the method in a case of
fipronil contamination.
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FUN DA MENTAL S

Full Method Validation Is Still a Glaring
Deficiency in Many Forensics Laboratories
Kevin A. Schug
hose of you in the analytical science community are likely familiar with the concept
of method validation. If you have developed
a new quantitative method, it is almost impossible to publish it without extensive validation
information. The extensiveness of validation
can be somewhat dictated by the complexities of the method. For example, sample
preparation procedures that contain multiple
steps should be evaluated for their efficiencies
and recoveries to help ensure that an accurate
result is rendered.
A problem I regularly encounter when
evaluating forensic chemical analysis cases
is the lack of adequate evaluation of matrixmatched samples during method validation.
A variety of steps should involve the analysis
of blank or fortified matrix-matched samples
to evaluate the specificity of the method and
its subjectivity to matrix effects or changes in
the analysis exerted by the presence of interferences in the sample. Chemicals other than
those of primary interest for the determination
in a sample (in other words, the sample matrix)
can alter the final signal of the target analyte or
internal standard in many different ways.
Blood drug determination by liquid chromatography–mass spectrometry is famously
prone to matrix effects associated with ionization efficiency. That is why stable isotopically
labeled internal standards are a must for those
determinations. Yet, matrix components for
many types of chemical instrumental measurements can exert effects throughout the
process from sample preparation, through
chemical separation, to final detection of signals. The method validation steps involving
the measurement of fortified matrix samples
are key for establishing lack of interferences
(in other words, specificity).
Sometimes, matrix effects can be subtle.
Five years ago, I wrote about a case where
matrix effects yielded statistically significant
differences in the response of an n-propanol
internal standard, when measured from neat

solutions compared to when it was analyzed
from real blood samples, for blood alcohol
measurements (1). This matrix effect appeared
to, on average, cause all blood alcohol determinations on that instrument to be reported
20% higher than they likely were. The laboratory in question never used fortified matrix
samples in their validation, thus, they had no
knowledge of this bias. The sad thing is that I
have encountered this instrument again a few
years ago. I was able to show the same matrix
effect and bias in the data, as I had seen years
prior. That instrument has likely been reporting high biased blood alcohol results since its
initial routine use, starting in 2011.
Another common problem with the lack of
evaluating blank or fortified matrix-matched
samples during blood alcohol measurement
validation and routine use is that specificity
can often not be demonstrated. Most forensics laboratories use flame ionization detection (FID) for their gas chromatograph. A FID
instrument responds to anything carboncontaining that is eluted from the column.
Often one observes extra so-called “ghost
peak” signals present in around the chromatogram near the ethanol peak and the
internal standard peak when real samples are
analyzed. These may be present or absent in
various neat samples, but if a blank fortified
matrix sample was never analyzed to show
there are no background signals present at
the retention times of ethanol and the internal standard, then there is no way to guarantee the accuracy of the result. Small or large
coelutions of interferences with ethanol or
the internal standard can have a marked and
very unpredictable effect on the final calculated result of the measurement. ANSI/ASB
Standard 036 (2), the most complete and upto-date guide for forensic method validation,
specifies that blank matrix samples from a
minimum of ten different sources be evaluated during method validation to establish
the specificity, or the lack of interferences,

for the method. I think I have seen that level of
validation documented in forensics discovery
documents only once or twice.
Forensics chemical measurement methods
are generally pretty straightforward and should
be reliable. There are well prescribed and
straightforward ways to show the method is
reliable vis-à-vis Standard 036 guidance. It just
seems wrong that measurement results shown
deficient in some aspect of method validation
should be allowed to stand; especially, if they
are called into question based on some aspect
of a particular case sample, like the presence
of ghost peaks. If the appropriate steps were
not taken to ensure specificity of the method,
then specificity should be doubted, and the
reliability of the result should be doubted.
In the end, it always seems like a game
about how much deficiency in the forensics
chemical analysis process a court or jury will
tolerate. In my opinion, the chemical analysis
should be one of the most reliable pieces of
evidence in the case; it is a shame to see that
it often is not, because a forensics laboratory
apparently decided to cut some corners.
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