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LC TROUBLESHOOTING
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Essentials of LC Troubleshooting, 
Part I: Pressure Problems
Some “LC Troubleshooting” topics never get old because there are some problems that persist in the practice of liquid 
chromatography (LC), even as instrument technology improves over time. There are many ways for things to go wrong 
in an LC system that ultimately manifest as deviations from the expected pressure. Developing a short list of the likely 
causes of these deviations can help streamline our troubleshooting experience when pressure-related problems occur.

Dwight R. Stoll

Writing this “LC Troubleshooting” col-
umn and thinking about topics each 

month is interesting in the sense that there are 
some topics that just never get old. Whereas, 
in the chromatography research world, certain 
topics or ideas become obsolete as they are 
displaced by newer and better ideas, in the 
troubleshooting world there are certain topics 
that have remained relevant since the very first 
troubleshooting article appeared in this mag-
azine (LC Magazine at that time) in 1983 (1). 
Over the last few years, I’ve focused several 

“LC Troubleshooting” installments on con-
temporary trends (such as the relatively recent 
advances in our understanding of the effects 
of pressure on retention [2]) in liquid chro-
matography (LC) that are affecting the way 
we approach our interpretation of LC results, 
and approach troubleshooting with modern 
LC instruments. With this month’s installment,  
I am starting a series focused on some of the 

“bread and butter” topics of LC troubleshoot-
ing—those elements that are essential for any 
troubleshooter, no matter the vintage of the 
system we are working with. The topics at 
the heart of this series will be highly related 
to the well-known “LC Troubleshooting” wall 
chart (3) that hangs in many laboratories.  
For the first installment in this series, I’ve cho-
sen to focus on problems related to pressure 
(too low, too high, or fluctuating). I hope LC 
users young and old will find some useful tips 
and reminders related to this important topic.

Everything is Possible
In the area of pressure problems, everything 
is possible. Sometimes pressure is unexpect-
edly low, but stable. Other times the pressure 
is too low, and appears to steadily decrease. 
The same is true for pressures that are higher 
than expected. In other cases, the observed 
pressure may seem to be about right, but it 
is fluctuating more than usual. Figure 1 illus-
trates the idea that pressure problems appear 
in all kinds of different ways, and lists the spe-
cific situations that are discussed in this article. 
The list of pressure-related problems shown in 
Figure 1 is not exhaustive; in this installment,  
I focus on those problems that I see most fre-
quently in practice.

What Is To Be Expected?
A critical step in any troubleshooting exercise 
—but one that I think is underappreciated—
is recognizing that there is a problem to be 
solved. Recognizing that there is a problem 
usually amounts to recognizing that what 
is happening with the instrument is differ-
ent from what is expected to happen, and 
our expectations are formed from theories, 
empirical knowledge, and experience (4).

Before getting into details about what we 
can expect about pressure, a few words to 
clarify what it is and how it is measured in LC 
instruments are warranted. In LC, when we 
say “pressure,” we are really talking about 
a “pressure drop” or a “pressure difference.” 

These more precise terms are indicated in 
various equations that relate pressure drop 
to other variables, such as flow using the 
symbol ΔP. Most commercially available LC 
systems have a single pressure readout asso-
ciated with the pump that reports the pres-
sure drop between the pump and the outlet 
of the system (the outlet side of a detector 
flow cell) that, for all practical purposes, is 
zero, because the atmospheric pressure of 
about 1 bar is usually small compared to LC 
operating pressures. This single pressure 
readout quantifies the total pressure drop 
across the entire flow path, but does not 
tell us anything about the pressure drops 
across individual elements of the flow path  
(for example, filters, different pieces of con-
necting tubing, and the column). 
 
Pressure Drop Across Connecting Tubing
Most practical high-performance liquid chro-
matography (HPLC) is done under conditions 
where flow through connecting tubing in the 
system is laminar. Under these conditions, the 
pressure drops across the different pieces of 
tubing can be calculated with the accuracy 
needed for troubleshooting purposes using 
Poiseulle’s Law:

∆Ptub = 128 •
ή • Ltub

• F
� • dtub
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where ƞ is the dynamic viscosity of the 
mobile phase, F is the flow rate, and Ltub 

and dtub are the length and diameter of the 
tubing, respectively. Calculating the pres-
sure drop using equation 1 is straightforward 
when all of the values needed are available; 
however, the dependence of viscosity on 
mobile-phase composition and temperature 
is a bit complex. Fortunately, there are some 
freely available web-based tools that take 
these factors into account (for example, see 
reference [5], and https://www.multidlc.org/
dispersion_calculator), and provide users 
with quick estimates of the expected pres-
sure drops for the tubes in their systems.

Pressure Drop Across Columns
The pressure drop across the LC column itself 
(assuming the column is packed with particles) 
can be calculated using equation 2 (or similar). 
Like equation 1 for open tubes, the pressure 
drop depends on the column length, mobile-
phase viscosity, and the flow rate (through 
the interstitial mobile phase velocity, ue).  
Different in equation 2 are the Φ term that 
quantifies the permeability of the packed par-
ticle bed, and the particle size term, dp

2.

∆Pcol =
Φήue

 Lcol

dp
2

 

[2]

As with equation 1, calculating the pressure 
drop across the column is straightforward 
once all of the values for length, viscosity, and 
other variables are in hand, but they are not 
all easy to come by. Once again, there are 
freely available simulators that can calculate 
the pressure drop for conditions of interest. 
Two such simulators that I am familiar with are 
the web-based LC simulator maintained by 
my group (https://www.multidlc.org/hplcsim), 
and the spreadsheet-based simulator devel-
oped more recently by Prof. Davy Guillarme’s 
group (see [6]; https://ispso.unige.ch/labs/
fanal/practical_hplc_simulator:en).

Other Elements of the Flowpath
The other elements of an LC flow path that 
can contribute substantially to the pressure 
drop measured at the pump are inline fil-
ters (and guard columns, though these can 
be treated like columns as above). Most 

inline filters sold for use in analytical LC 
systems are designed in a way that they 
will not contribute more than a few bar 
to the total pressure drop under typical 
conditions (that is, less than 5 mL/min).  
When debris begins to accumulate on 
the filter, the pressure drop across the 
filter will increase, and become highly, 
and sometimes non-linearly, dependent 
on operating conditions (for example,  
flow rate and mobile-phase composition). 
Because it is difficult to cope with this 
hard-to-predict behavior, in my laboratory 
we simply change the filter if the pressure 
drop across it exceeds about 10 bar.

Using These Numbers in  
Troubleshooting Practice
Throughout the hundreds of “LC Trou-
bleshooting” articles John Dolan wrote,  
he emphasized the value of “rules of thumb” 
in effective troubleshooting (7). I completely 
agree, and think the value of these ideas—
which are informed both by theory and 
experience—cannot be overstated. As an 
example of a rule of thumb that is useful 
in the context of troubleshooting pressure 
problems, the one that we use in my group is 
that the pressure drop across all of the tubing 
(no column) in a “typical” LC system is about 
30 bar under the following conditions (if the 
observed pressure is much lower or higher 
than that, this should trigger a thought that 
something is not right):
• All tubing from injector to detector 

is 0.005” i.d. (120 µm); total length is 
about 60 cm. The capillary from pump 
to injector is usually larger in diameter,  
and does not contribute much to the 
total pressure drop.

• Flow rate, 1 mL/min.; Temperature, ambi-
ent; mobile phase, 100% aqueous.

Situations Involving Pressure 
That Is Lower Than Expected
There are two main problems that lead to 
pressures that are lower than expected.
• Leaks. There are many different ways that 

a leak can occur in a LC system. The most 
common ones I see are related to con-
nections (for example, tubing to valve, 
or tubing to column). Usually, these leaks 
are relatively small (that is, a few microli-
ters per minute), and can be corrected 
by tightening the fitting slightly. However, 
be careful—forcing a metal ferrule into a 
connection too much can deform the port 
(such as a column endfitting or valve port). 
If you feel like the connection is already 
very tight, then it is better throw the cap-
illary away and start with a fresh one. I 
always tell my students that “too loose is 
much better than too tight.” Another way 
of saying this is that it is much cheaper 
to replace several capillaries than it is to 
replace a valve stator because a capil-
lary was overtightened and deformed or 
stripped the threads on a valve port. Sig-
nificant leaks can also occur between the 
pump pistons and seals. We should never 
be able to see liquid emerging from the 
pump head in the area of the piston/seal. 
If liquid is observed, the seals are proba-
bly leaking and should be replaced. In my 
experience this problem does not occur 
nearly as frequently as it did with pumps 
20 years ago. Finally, it is possible for poly-
etheretherketone (PEEK) tubing to burst, 
even when working below the advertised 
pressure limit of the tubing. When this 
happens it usually leads to a major, obvi-
ous leak, whereas leaks with connections 
and pump seals tend to be more subtle.

• A partially obstructed solvent inlet filter. 
LC pumps rely on a free, steady flow of 
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o

FIGURE 1: Illustration of the different ways pressure problems can appear, and the 
specific situations that are discussed in this article.
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solvent from the solvent bottle to the inlet 
check valve to work properly. If the inlet 
filter on the end of the line in the solvent 
bottle becomes partially obstructed by par-
ticulates or bacterial growth, this can slow 
the flow to the point where the pump is 
“starved” of solvent, and unable to deliver 
flow to the column at the specified flow 
rate, leading to lower than expected pres-
sure. If one suspects that this might be the 
problem, a quick check involves simply 
removing the inlet filter from the solvent 
line. If the pressure returns to normal after 
the filter is removed, then the filter needs to 
be cleaned at a minimum, and it is usually 
best to just replace it altogether. 

Situations Involving Pressure 
That Is Higher Than Expected
Most problems involving higher than 
expected pressure are somehow related to 
accumulation of debris somewhere in the 
system. The origins of this debris vary; it can 
come from particulate matter in the injected 
sample, molecules that are soluble in the 
sample solvent but precipitate it the mobile-
phase stream, polymeric material shed by 
pump and injector seals, and so on. The 
specific nature of the problem that results 
from this debris depends strongly on how 
the system is configured. Determining where 
the obstruction is in the system can be tricky.  
A systematic approach to finding out where 
the problem lies involves removing compo-
nents from the flow path one at a time, start-
ing from the downstream end. For example, 
suppose we are running at 1 mL/min, and we 
observe a pressure at the pump of 600 bar, 
which is high compared to a normal oper-
ating pressure of 250 bar. With the flow off, 
remove the detector from the flow path. Turn 
the pump back on and record the pressure.  
If it has only decreased by 5 bar to 595 bar, 
then we know that the obstruction does not lie 
in the detector flow path. Again, with the flow 
off, remove the tubing between the detector 
and the column outlet. Turn the flow back on 
and record the pressure. If it has decreased 
another 10 bar to 585 bar, then we know that 
the tubing between the column outlet and 
the detector is not the source of the problem. 
Next, remove the column, turn the flow back 
on, and record the pressure. There should be 
a significant difference between the pressure 

recorded with and without the column con-
nected. Suppose in this case that the pressure 
is still 365 bar even without the column con-
nected, which would be abnormal in any typi-
cal analytical LC system. Next, suppose that 
upon removing the inline filter installed imme-
diately upstream from the column the pres-
sure drops to 20 bar. This would tell us that 
the pressure drop over the filter itself was 345 
bar (far higher than expected), indicating that 
the filter should be thrown away and replaced. 
This “one-piece-at-a-time” approach can feel 
tedious when trying to get an instrument back 
on track, but it is the most reliable way to iso-
late the problem. The three most commonly 
encountered scenarios are:
• An obstruction in an inline filter. In my labo-

ratory, partially plugged filters account for 
95% of our high pressure problems. Once it 
is clear that a filter is obstructed, one could 
try backflushing them, but this solution is 
usually short-lived. It is far better in the long 
run to just replace the filter.

• An obstruction in a piece of capillary tubing. 
This does not happen very often if inline fil-
ters (0.2–0.5 µm porosity) are used immedi-
ately after the sample injector. If inline filters 
are not used, then the capillaries of the 
smallest diameters and the ones furthest 
upstream (that is, closest to the injector) are 
the most likely to become blocked. Revers-
ing the flow through an obstructed capillary 
will occasionally be sufficient to remove the 
debris, but the most reliable solution is to 
just replace the capillary.

• An obstruction at the inlet of a column. 
This can also be largely prevented through 
routine use of an inline filter upstream from 
the column. If an increase in pressure drop 
across the column is observed over time, 
reversing the flow through the column can 
flush debris out of the inlet frit, but, in my 
experience, the reduction in pressure is 
usually short-lived. It is also important to 
note that some column manufacturers use 
frits with larger porosities at the column 
inlet; reversing the flow is then a bit risky, 
because some particles could go through 
the frit and be lost from the column (thank 
you to Prof. Chuck Lucy for this reminder). 
The bottom line is that it is best to avoid 
problems like this with the column by pro-
tecting it, through routine use of inline fil-
ters and/or guard columns.

Situations Involving Pressure  
That Appears To Be Fluctuating
Most modern LC pumps are based on 
some variation of a reciprocating dual pis-
ton design, where the pressure variation that 
occurs at the end of each piston stroke can 
be minimized, but is difficult to eliminate 
entirely. The specification for modern pumps 
is that the pressure variation should not 
exceed about 1%. If the observed variation 
is much larger than 1%, then it is most likely 
because of one of two reasons.
• Malfunctioning check valves. A typical 

reciprocating dual piston pump design 
relies on two check valves to keep the 
mobile-phase flow moving in the direc-
tion of the column. When solvent is being 
pushed out of the pump head toward 
the column, the inlet check valve closes 
so that solvent cannot travel back toward 
the solvent bottle. When solvent is being 
drawn from the solvent bottle into the 
pump, an outlet check valve closes to pre-
vent solvent from flowing backwards into 
the pump head. When working properly, 
these check valves open and close mul-
tiple times per minute. If one or both of 
them does not open or close properly, 
there will be a significant interruption in 
the flow to the column, which in turn mani-
fests as a change in pressure. Determining 
which of the two check valves is faulty can 
be tricky. One approach is to first replace 
the inlet check valve with one that is known 
to be functional. If this does not solve the 
problem, then re-install the original inlet 
valve, and change out the outlet check 
valve with one that is known to be func-
tional. If this does not reduce the pressure 
fluctuation, then the problem does not lie 
with the check valves.

• Gas bubbles in the pump head. Even a 
pump with properly functioning check 
valves can get tripped up by an air bub-
ble. If an air becomes trapped in a pump 
head (for example, after the pump has 
accidentally run dry, because an inline 
degasser is not working properly, or 
after a prolonged period without use), it 
can lead to severe flow or pressure fluc-
tuations. Purging the pump at high flow 
rate (with the column disconnected) is 
often effective for dislodging the bub-
ble and returning to normal operation.  

• Continued on Page 585



WWW.CHROMATOGRAPHYONLINE.COM DECEMBER 2021  LCGC NORTH AMERICA  VOLUME 39 NUMBER 12  585

Chromatographic analysis is commonly 
used for the determination of bisphenols. 
The analytical methodologies that have 
been applied to the determination of BPA 
in foodstuffs include high-performance liq-
uid chromatography (HPLC) coupled to UV 
(18), diode array detection (DAD) (11) or FLD 
(19), liquid chromatography coupled to mass 
spectrometry (LC–MS) (20), and gas chro-
matography coupled to mass spectrometry 
(GC–MS) (21). LC enables the analysis of the 
extracts without the extra derivatization step 
that is necessary in GC. LC analysis is usu-
ally carried out using reversed-phase C18 
columns with water and methanol or water 
and acetonitrile as mobile phases, in isocratic 
or gradient mode (3). UV and FLD detectors 
have been used for the detection of bisphe-
nols, but MS is the most commonly used, 
providing very low LODs (3). 

Conclusions
The fabrication and use of MIPs in sample 
preparation as selective sorbent materials has 
attracted great attention in recent years, lead-
ing to the development of analytical protocols 
that enable the selective extraction of specific 
analytes. The migration of BPA is an emerg-
ing issue and has necessitated the develop-
ment of rapid, sensitive, selective and efficient 
microextraction techniques for their determi-
nation. MIPs are versatile and highly selective 
tools that enable the sensitive determination 
of bisphenols in complex matrices like food. 
Their inherent advantages include selectivity, 
sensitivity, robustness, and low cost. MIPs are 
subject to extensive commercialization in the 
future. MIP separation efficiency is achieved 
by the simultaneous realization of improved 
molecular recognition, enhanced mass 
transfer kinetics, reduced site heterogeneity,  
and better access to the site. Even though 
MISPE is a robust sample preparation tech-
nique, improvements concerning the selec-
tion of polymerization mixtures, the devel-
opment of water-compatible sorbents. and 
industrial scale-up are necessary. 
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If this does not resolve the problem, purg-
ing with the pump head with isopropanol 
is another approach that often works well.

 
Summary
In this first installment on essential topics in 
LC troubleshooting, I have discussed situa-
tions where the observed system pressure 
is somehow different from what is expected 
or normal. Effective troubleshooting for this 
type of problem begins with a sense for what 
the expected system behavior is, so that a 
deviation from those expectations is notice-
able. While there a many different potential 
causes of pressure related problems (too 
low, too high, or fluctuation), most prob-
lems can be connected to five or six spe-
cific causes. Understanding this short list of 
likely causes provides a good place to start 
troubleshooting, but does not capture all 
possibilities. Readers interested in learning 
about a deeper list of causes and solutions 
are referred to the “LCGC Troubleshooting” 
wallchart (3).
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