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LC TROUBLESHOOT

Column Triage

ith the popularity of medi-
cal shows on television,
you’d think we’d all know
how to act in a medical emergency.
After all, we know what to do when
we have an emergency with our liquid
chromatography (LC) column, don’t
we? Or is it really an emergency? In
this month’s “LC Troubleshooting,”
we’ll consider the process of column

triage. When will the column sur-
vive on its own? When does it have
recoverable injuries? And when is it
beyond resuscitation? We’ll concen-
trate on three primary symptoms of
column failure: increased peak tail-
ing, increased pressure, and changed
retention times.

“Good Enough” May Be Trying
to Tell You Something

A well-designed LC method should

have a system suitability test that truly
evaluates the ability of the method to
perform. Usually the system suitability
test includes a measure of peak tail-
ing (tailing factor, TF, or asymmetry
factor, A) and a retention time, #;, or
retention-time window for the peak

or peaks of interest. Often, resolution,
R, is included. I also suggest that
system pressure should be noted on a
daily basis. If your LC system doesn’t
record the pressure automatically, add
an item to the run summary that usu-
ally is part of each method. Rarely is a
change in pressure alone a predictor of
poor data quality, but it is one of the
early warning signs that the column
may encounter problems.

When one or more of the system
suitability parameters fails to meet
the pre-defined limits, something
must be done to correct the problem,
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such as mixing a new batch of mobile
phase or cleaning or replacing the
column. However, if this is the only
way system suitability results are
used — as a a pass—fail decision —
you are not taking advantage of the
information that is available. You may
find system suitability failure comes
as a surprise: One day everything is
OK, then the next day it fails. This
is rarely the case, however; instead,
the system often gives hints of what
is happening, if you pay close atten-
tion. I recommend making a control
chart to follow the trend of each of
the system-suitability parameters, and
I would track pressure in the same
way. The control chart is simply a
plot of the value of the parameter over
time or number of injections, with
the acceptable limit of the parameter
plotted as well. You can be fancy and
add more traditional control-chart
features, such as those described in
(1), but that may be overkill for what
you need for system suitability.

I have created three control charts
in Figure 1 to illustrate the point.
These are data for a fictitious method
over 30 batches of samples. In the top
panel, the pressure at the beginning
of the run is plotted (solid line) with a
dashed line added at a 2500-psi bound-
ary. Normally the method runs in the
1500-2000 psi range, and when it gets
to 2500 psi it is time to change the
frit in the in-line filter. This 2500-psi
boundary is a “soft” limit, because data
quality is seldom compromised if the
pressure exceeds this value. The middle
panel plots the tailing factor, with a
system suitability requirement that TF
should be <1.6 (dashed line). With a

new column, TF = 1.4 is observed. The
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Figure 1: Example control charts to trend column performance. Pressure (top), tailing
factor (middle), and retention (bottom) are plotted as solid lines over 30 runs with

method limits shown as dashed lines.

lower panel shows the retention time
during system suitability with a normal
value of ~4.7 min and a requirement of
45=1,<49.

If we blindly use the system suit-
ability data of Figure 1 to tell us
whether the system is “good enough”
to make it though the next batch of
samples, we may be surprised when
system suitability fails. Instead, think
of how these data are trying to give
us early warning signs. For example,
you can see that variation in reten-
tion and tailing seem fairly random
until approximately batch 20, when
they begin trending toward the lim-
its. It looks like the limits are reached
for both these parameters after ~25
batches. If column replacement reset
the system suitability parameters to
where they started, and similar trends
were observed for additional columns,
these data could be used to establish a
preventive maintenance strategy. For
example, proactive replacement of the
column after 20 sample batches would
avoid any problems created by system
suitability failure, and excessive pres-
sure would be avoided, too. My recom-

mendation is that if you can anticipate
when a part (the column in the present
example) will fail, replacement of the
part at 70—-80% of its expected lifetime
is a good strategy. You get most of the
useful life out of the part and avoid any

problems associated with a failure of

that part.

Crash-Cart Time

So what happens when system suit-
ability fails? The three most common
symptoms that something is not right
with the column are increased pres-
sure, increased tailing, and a change
in retention times, either individu-
ally or in combination. The causes
of column problems are physical or
chemical in nature. Let’s look at each
of these.

Physical problems with the column
most commonly are manifested as a
build-up of particulate matter on the
inlet frit of the column. This will
cause increased pressure and often
similar peak distortion of all the peaks
in the chromatogram. For example,
all peaks will tail excessively or may

be split or doubled. When these
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symptoms are observed, you know
that whatever happened occurred
before the sample was separated.
About a third of the time you can res-
cue a column exhibiting these symp-
toms by reversing it and back-flushing
it. Simply remove the column, reverse
it, and route the new outlet end to
waste (not to the detector). Flush the
column with 15-20 mL of mobile
phase, or better yet, with the strong
solvent of the mobile phase (generally
acetonitrile or methanol). The hope

is that this will wash the particulate
matter off the inlet frit and reduce
the pressure back to acceptable levels.
If the column is packed with 3.5- or
5-pm silica-based particles, you can
leave the column reversed. Reconnect
it to the detector and check system
suitability again to see if it will pass
now. Columns packed with particles
<3 pm in diameter may use inlet frits
that are too large to allow you to
continue operation of the column in
the reversed direction, so you should
return the column to its original
direction in such cases. It is a good
idea to consult the column care-and-
use instructions to see if there are any
limitations on column reversal. If you
are lucky, this procedure will revitalize
the column and you’ll be able to use it
a bit longer.

Chemical problems with the col-
umn usually show up as changes in
retention for one or more peaks, as
increased peak tailing, or as a combi-
nation of retention changes and peak
tailing. Strongly retained materials
from the sample can build up on the
column over time, causing a change
in the column chemistry, and thus a
change in the appearance of the peaks.
Sometimes these materials can be
removed by flushing the column with a
strong solvent. Another cause of reten-
tion and tailing changes is that some-
thing has attacked the stationary phase
or otherwise permanently changed
the chemical surface of the column.

In such cases, the column cannot be
restored. It is not easy to distinguish
between the two forms of failure, so
the same treatment should be tried
to see if it will help. Remove strongly
retained material by flushing the
column with 10-20 column volumes
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(15-20 mL) of the strong solvent of the
mobile phase. If you are lucky, this will
revive the column.

If symptoms of physical or chemi-
cal problems with the column occur
regularly before 500—1000 injections
have been performed, you may be able
to extend column life by improving
the sample cleanup or adding column
protection to the system. Because
sample cleanup is more involved, I
recommend starting with column
protection. Every system should be
operated with an in-line filter imme-
diately downstream from the autos-
ampler. For 3- or 5-pm columns, this
filter contains a 0.5-um porosity frit.
This will trap particulate matter that
would otherwise get caught on the
2.0- or 0.5-pm frit at the head of the
column. When the pressure begins
to rise, replace the frit. The frit in
the in-line filter can be changed in a
few minutes and is very inexpensive,
especially when compared to the cost
of the column. The use of a guard col-
umn is another option to help extend
column life. The frit at the head of
the guard column will trap debris that
would otherwise block the column
inlet frit, but even this can be avoided
if you use the in-line filter in addition
to the guard column. Guard columns
have been shown to extend the life of
the analytical column, but they may
cost 20% of the cost of the analytical
column, so the economics of guard
column use may be marginal. If you
use a guard column, you’ll have to
figure out when to replace the guard
column. You should replace the guard
column before it adversely affects the
overall separation. As with the param-
eters of Figure 1, track the system per-
formance when a guard column is in
place. When system suitability begins
to trend toward the limits, change the
guard column and see if it fixes the
problem. Most workers find that it is
more convenient to replace the guard
column on a scheduled basis — either
after a certain number of injections
or sample batches — or perhaps on
a calendar basis. Additional sample
preparation almost always will extend
column life, but sample preparation is
expensive and may not be appropriate
for all sample types.

Better Luck Next Time
At some point, the simple restorative
measures of flushing or backflushing
the column will not be successful.
As mentioned above, these measures
restore column performance only a
third of the time. This means that
two-thirds of the time they fail.
What next? Some people like to flush
with even stronger solvents, such
as methylene chloride, to remove
fats and waxes (be sure to flush the
column before and afterwards with
methanol or acetonitrile to ensure
solvent miscibility). Other flushing
strategies use acid, base, or chaotropic
agents to remove strongly retained
material from the column. If you try
any of these procedures, you should
backflush the column so the strongly
retained material that usually is
located on the first few millimeters of
the column can be washed directly to
waste rather than farther into the col-
umn. However, I feel that heroic mea-
sures such as these are false economy.
They rarely restore column function
completely, and they are expensive and
time-consuming.

The column should be considered
a consumable item, even though the
price tag may make us think that
it is a capital expense. Consider the
cost of the column in relation to the

~overall cost of analysis. The overall

cost of analyzing a sample using

UV detection often is in the range

of $50/sample. Columns cost =$500
each. If the method conditions result
in a relatively short column lifetime
of 500 injections, that translates into
$1/sample for the column, only 2%
($1/$50) of the cost of analysis. If
you get >1000 samples through a col-
umn, the column is a trivial part of
the overall cost of analysis. Any work
to extend the column life beyond this
may cost more than the additional
benefit, because time is an expense.
Even backflushing may not be worth-
while. You are better off using an in-
line filter to catch unwanted particles
from blocking the column and leave
it at that. I have a friend that replaces
the column with each 96-sample
batch — the =$5/sample cost of

the column is less than the cost of
additional sample pretreatment that
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would extend the column life. It’s all
about economics. All columns will
die eventually.

Summary

The column always tries to tell us how
it is doing. Listen to the system suit-
ability results and see if you can find
trends that can be used to your advan-
tage. Perhaps you can only anticipate
the column failure by a day or two,
but you may be able to use the infor-
mation to put together a preventive
maintenance strategy that includes

a regular flush with a strong solvent
and the use of a guard column to help
keep the column in service for months
on end. As a minimum, I recom-
mend using an in-line filter on every
system and flushing the column with
the strong solvent of the mobile phase
at the end of each batch of samples.
Control charts can be a powerful tool
to help anticipate when problems will
occur in the future. Above all, remem-
ber that the column is a consumable
item that may not be worth trying

to save after 500—1000 samples have
been analyzed.
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