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ABSTRACT

High-Performance Liquid Chromatography (HPLC) is one of the most powerful and widely used
analytical techniques in pharmaceutical, chemical, and biological laboratories for the
separation, identification, and quantification of compounds. Despite its reliability, HPLC
systems often face a range of operational and analytical challenges that can compromise
accuracy, precision, and reproducibility of results. Common problems such as pressure
fluctuations, baseline noise, peak tailing, retention time shifts, and poor resolution frequently
arise due to instrument malfunction, mobile phase inconsistencies, or column deterioration.
This review aims to provide a comprehensive study on the causes, detection, and systematic
resolution of these issues through an organized troubleshooting approach. Emphasis is placed on
identifying the source of errors within individual system components, including the pump,
injector, column, detector, and data system. Additionally, preventive maintenance practices
and good laboratory techniques are discussed to minimize downtime and enhance instrument
performance. The article also explores recent advancements in intelligent diagnostic systems
and self-monitoring HPLC technologies that facilitate rapid fault detection. Ultimately,
effective troubleshooting not only ensures reliable chromatographic performance but also
contributes to the overall quality assurance of analytical methodologies.

Keywords: High-Performance Liquid Chromatography (HPLC), Malfunction, Troubleshooting,
chromatographic performance, column deterioration.

INTRODUCTION

Chromatography, a term derived from Greek words Chroma "color” and graph in "to write," is the general name
for a variety of laboratory techniques that can separate mixed substances. The process of chromatography is
to extract the analyte intended for the experiment from the rest of the molecules in the mixture by passing a
solution of the mixture in a "mobile phase” through a stationary phase, which is based on differential
partitioning between the mobile and stationary phases. Variations in a compound's partition coefficient led to
differences in the amount of the compound held back (retained) on the stationary phase, and hence this
results in a changing separation of the mixtures [1].

High-Performance Liquid Chromatography (HPLC) is a method of chromatography, that is, a technique used to
separate and characterize the individual components of a mixture, even if they are present as dissolved
substances only. Chromatography is the general process of separating mixtures into their individual
components. HPLC is a modern version of liquid chromatography based on the same idea of separating
mixtures of different chemicals. HPLC is used as a powerful tool in chemical and biological research and
sometimes by the industry for separation and quantitation of very complicated mixtures of substances. The
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process is very simple as it involves a mechanical separation with the help of mobile and stationary phases that
are placed within a narrow capillary column. HPLC contributes significantly to the comprehensive
characterization of complex samples in terms of their size, shape, hydrophobicity, hydrophilicity, charge,
structure, and molecular weight. It is one of the most flexible techniques available when it comes to
biophysical analysis as shown in figure 1.

HPLC is composed of a source of sample, a kind of mobile phase, a stationary phase, and finally a detector.
The analyst will choose the HPLC components according to the specific sample needs and the goals of analysis.
The mobile phase may consist of liquid, gas, or a blend of both and depending on the component to be
separated, it can be non-polar, slightly polar, or highly polar. The stationary phase is normally made of solid,
for instance, silica, alumina, cellulose, or a mixture of two or more solids. The stationary phase must be
capable of adsorbing or capturing the sample components that are in the sample, so they do not get through
the column without being involved with the stationary phase. The most widely used ones for HPLC detectors
are UV-visible, fluorescence, and electrochemical. All of them work by the same principle: the detection of
the presence of a sample component through measuring the sample's absorbance, fluorescence, or current.
Besides the above, other detectors like Mass Spectrometry (MS) can also be employed but are usually allocated
to more complicated analyses. HPLC performs the identification of substances present at crime scenes and in
biological sample analysis. HPLC's role in the agrochemical industry is to analysed pesticide residues on crops,
water, and food and thus is widely accepted. With its application in the environmental sector, HPLC detects
the presence of metals, pesticides, and all kinds of organic and inorganic pollutants in soil, water, and air
samples [2].
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Fig. 1. The diagrammatic representation of HPLC System
TYPES OF HPLC [3]
According to the stationary phase used, HPLC is classified into several categories:

1. Normal Phase: Polarity is the main factor in HPLC separation. The stationary phase is polar, and silica is
used as such. Hexane, chloroform, and diethyl ether are the non-polar mobile phases used. The polar sample is
placed on the column.

2. Reverse Phase: HPLC of reverse phase is opposite to normal phase HPLC. The mobile phase is polar,
whereas the phase that remains stationary is hydrophobic or non-polar.

3. Size exclusion: The column will separate the substrate molecules that are of similar size but not smaller
than the pores in the column during HPLC. The separation is due to the different sizes of the molecules.

4. lon exchange: The stationary phase has an ionized surface with a charge opposite that of the sample.
Aqueous buffer is used as the mobile phase, which will control the pH and ionic strength.

Common Problems Encountered in HPLC And Prevention

Problems Possible Causes Effect/ Observation Prevention

Baseline Noise or This problem usually comes [=  You end up with an To avoid this, always
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use freshly prepared,

Drift [4][5][6]

from a contaminated mobile

Air

detector cell can cause it

Te

Detector lamp aging adds to

phase.

bubbles trapped in the

too.

mperature fluctuations
make things worse.

the issue.

unstable or drifting

Reproducibility suffers
quite a bit.

baseline.

filtered, and
degassed solvents.

Keep the column
oven and detector
temperature constant

at all times.

Replace any old
detector lamp when
needed.

Ensure the system

equilibrates properly

before starting
analysis.

High Back Pressure

[41[5]

It happens with a blocked or
A blocked frit or inline filter

Precipitation of buffer salts

sample contributes as well.

contaminated column.
might be the culprit.

clogs things up.

Particulate matter in the

The pressure alarm will
Flow rate slows down

Column efficiency drops

go off.

noticeably.

off.

Filter and degas the
mobile phase and
samples every time.

Put guard columns in
place to protect the
main one.

= Flush the entire
system with the right
solvent on a regular
basis.

Stay away from high
salt concentrations or

insoluble buffers
whenever possible.

Low or No Flow
Rate [6]

A malfunctioning pump is
often to blame.

Air trapped in the pump
head causes problems.

Leaks anywhere in the
system let flow escape.

Blocked tubing or column
stops delivery completely.

No solvent comes
through at all.

Pressure readings

erratic.

become inconsistent and

Prime the pump
thoroughly to get rid
of air.

Tighten all fittings to
seal everything up.

Clean or replace the
check valves as
required.

Check lines and the
column, then replace
anything blocked.

Irreproducible
Retention Times

[7]

Variations in mobile phase
composition throw things
off.

Inconsistent flow rate from
the pump adds uncertainty.

Peaks start shifting
around noticeably.

Reproducibility goes

down the drain.

Use precise methods
for mixing solvents
every batch.

Maintain a constant
temperature

throughout the
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Temperature changes affect

timing subtly.

=  Column aging or
contamination builds up
over time.

process.

Calibrate the pump

and flow rate

regularly for
accuracy.

Replace or clean the
column whenever it
shows signs of wear.

Poor Peak Shape
(Tailing or
Fronting) [8]

= Incorrect pH or ionic

Column overloading pushes
peaks out of shape.

A contaminated or damaged
column distorts everything.

strength alters interactions.

Improper sample solvent
strength causes mismatches.

overloading the system.

Tailing happens from
adsorption effects.

Fronting comes from

Inject smaller sample
volumes to ease the
load.

Match the sample
solvent closely to the
mobile phase.

Choose the right
buffer and pH for
conditions.

Clean or replace the
column to restore
performance.

Split Peaks [9]

Sample solvent being too
strong separates
components oddly.

A column void or damage
creates uneven paths.

= Incomplete sample
dissolution leaves residues
behind.

Poor injection technique
introduces inconsistencies.

Peaks look divided or
distorted in the
chromatogram.

Dissolve samples
completely before
loading them up.

Use the same solvent
as the mobile phase
for matching.

Check the column
carefully for any
voids.

Keep the injector
clean to avoid
buildup.

Ghost Peaks [10]

=  Carry-over from the
previous run lingers around.

Contaminated mobile phase
or injector introduces
extras.

Inadequate system cleaning
lets impurities stick.

Unidentified peaks show
up without explanation.

= Baseline gets
contaminated in spots.

Run blank samples to
check for

contamination
sources.

Wash the injector
and column between
every run.

= Replace any
contaminated
solvents and filters
right away.
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Broad Peaks [11]

Column overloading spreads
things out too much.

Slow mass transfer in an old
column delay responses.

Dead volume in the system
adds extra mixing. Improper
flow rate fails to optimize
movement.

Resolution drops, making

peaks hard to
distinguish.

Sensitivity suffers from
the spreading.

Reduce the sample
size to prevent
overload.

Replace a worn-out
column before it gets
worse.

Check for leaks or
voids throughout the
setup.

Optimize the flow
rate based on the
method needs.

No Peaks or Low
Response [8][11]

The detector might not be
functioning correctly.

Wrong wavelength selection
misses the target.

= Incorrect sample
concentration gives weak
signals.

Improper injection fails to
deliver enough.

The baseline stays flat
with no action.

Weak or no signal
appears on the trace.

Verify all detector
settings match the
method.

=  Check sample
preparation for any
mistakes.

= (Calibrate the
injection volume
accurately each
time.

Ensure the sample
works well with the
detection approach.

Air Bubbles in
Detector or Pump
[12]

Incomplete degassing leaves
gases behind.

Leaky fittings allow air to
enter easily.

Solvent changes without
flushing trap bubbles.

Pressure fluctuates
wildly as a result.

Baseline noise increases
from the disturbances.

Degas solvents using
vacuum, helium
sparing, or sonication
methods.

=  Tighten all
connections to
prevent leaks.

Flush the system
properly after every
solvent switch.

Retention Time
Shifts (Gradual) [7]

Column degradation wears
down the packing material.

Mobile phase pH changes
alter chemistry slowly.

Buffer precipitation builds
up inside lines.

Pump flow inconsistency
varies delivery rates.

Retention times drift bit
by bit.

Use fresh mobile
phase for each
session.

=  Maintain and
calibrate the pump
on a regular
schedule.

= Replace an old
column to bring back
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stability.

Detector
Saturation/
Overload [4][12]

High analytic concentration
overwhelms the sensor.

Inappropriate detector
range fails to capture fully.

Wrong sensitivity settings

amplify too much.

Flat-topped peaks lose
their shape.

Quantitation becomes
unreliable and
inaccurate.

Dilute the sample to
lower the
concentration.

Adjust the detector
range or gain
appropriately.

=  Optimize the
injection volume for
balance.

Mobile Phase
Precipitation [13]

Incompatible solvents or

buffers react poorly.

Mixing aqueous and non-
aqueous phases improperly

causes solids.

Blockage forms in tubing
or the column.

Back pressure rises
sharply from the
obstruction

Prepare the mobile
phase fresh every
time.

Use only miscible
solvent mixtures that
blend well.

Before using, filter
and degas every
mobile phase.

Sample Carryover
[14]

Inadequate injector or
needle wash leaves traces.

Adsorption of sample onto
surfaces holds components.

Peaks from the previous
sample reappear
unexpectedly.

Use strong wash
solvents to clean
thoroughly.

Clean the injector on
a regular basis.
Include blank
injections
periodically to
monitor.

Column Life
Shortening [15]

= Injection of dirty or

unfiltered samples abrades

the packing.

Use of incompatible solvents
damages the material.

Extreme pH or pressure
stresses the structure.

Efficiency reduces over
fewer runs.

Reproducibility drops as
performance fades

Use a guard column
to shield the
analytical one.

Filter all samples and
solvents
meticulously.

=  Follow the
recommended pH and
pressure ranges
strictly.
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Baseline Problems [4][5]:

Synchronous noise

Synchronous noise, periodic noise, usually related to pump strikes as shown in Figure 2.

N ‘ Neore

bbb kot b b kil D

Fig. 2. Synchronous noise
Asynchronous noise

Asynchronous noise random noise usually related to contaminated mobile phase and/or mobile phase
components, as well as poor mixing of these mobile phase components, dirt or film on the detector cell,
problems with the cell detector, degraded samples, impurities included in samples or solvents.

1. Spikes [5]:
Spikes Due To Electrical Interferences

Spikes are electrical signals that are caused by an outside event, they are usually not randomly acting, for
example a strongly consumed power cycling appliance. You can isolate the electrical supply to control the
current fluctuations and avoid any spikes in the chromatogram for this reason as shown in Figure 3.

Froblem

Fig. 3. Spikes due to electrical interferences
Systematic Troubleshooting Approach

A systematic troubleshooting method in High-Performance Liquid Chromatography (HPLC) is applying a logical
sequence of actions that helps find and fix operational or analytical faults fast. Careful observing of the
symptom is the first action taken. It includes mentioning the existence of any oddities such as high or low back
pressure, noise in the baseline, peaks distortion, or shifting of retention times. Writing down these
observations and comparing the current chromatogram with a previous reference chromatogram to detect
performance deviations are essential. The "next move is to think of the possible reasons by treating every part
of the HPLC system such as mobile phase, pump, injector, column, detector, and data system as a cause of the
problem. For instance, if there is a fluctuation in pressure, it means that there is a blockage in either the
pump or the column, whereas, if there are irregular peaks or a drift in the baseline, it is due to the detector
or the mobile phase [17].

The third step after compiling the potential causes is to methodically isolate and test each component. Testing
can involve operating the pump separately from the column and monitoring the pressure for stability, using
solvents that are freshly prepared and filtered for the mobile phase, or running a trial with the column and a
quality standard. By isolating one component at a time, it becomes possible to pinpoint the error very
accurately. Based on the identified cause, the fourth step is to take corrective action. It can be to clean or
replace the column, tighten fittings, degas solvents, prime the pump, or recalibrate the detector. After
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making the adjustments, running a standard or system suitability test to check if the chromatographic
performance has returned to normal is the fifth step.

The fourth stage entails taking corrective measures in accordance with the root cause that has been
identified. The procedure could include such procedures as cleaning or swapping out the column, securing the
fittings, re-de-gassing the solvents, priming the pump, or calibrating the detector again. Once the needed
changes are done, running a standard or a system suitability test to check if the chromatographic performance
has come back to normal is the fifth step. The sixth step, then, is to preserve the comprehensive records of
the system, which should comprise of the maintenance logs, chromatograms, and corrective measures taken.
Proper documentation not only facilitates the tracing of recurrent issues but also aids in preventive
maintenance and long-term performance adjustment. Adopting this systematic stepwise approach guarantees
quick problem-solving, less instrument downtime, and boosts the trustworthiness and precision of HPLC
analysis [18].

New Tools Are Showing Up for Troubleshooting in HPLC [19][20]

Recent progress in analytical tech has brought along some fresh options that really boost how well and how
fast we fix problems in these systems. Current HPLC setups come with built in software for diagnostics that
runs automatically. It keeps an eye on things like pressure levels, flow speeds, temps, and how detectors
react. This way, it spots trouble as it happens. Systems for predictive maintenance use Al and machine
learning a lot these days. They look at patterns in how the system performs over time. That helps predict
when parts might fail before they do. Then there are these digital platforms for managing chromatography.
They let you monitor from afar, pull data together, and track errors easily. Analysts can zero in on what is
causing the issue quickly with that. Other helpful items include chemo metric methods and software for better
data visuals. These make it simpler to spot tricky patterns, like changes in retention times or unstable
baselines. All these new tech options cut down on time lost to breakdowns. They also make methods more
solid, easier to repeat, and boost the trust in results overall. This happens in HPLC labs that use modern
approaches.

CONCLUSION

High Performance Liquid Chromatography, or HPLC, stays as one of the strongest and most adaptable tools for
analysis. It handles separating, spotting, and measuring chemical compounds in all sorts of scientific areas.
That said, even with how reliable it is, the people doing the work often hit snags that throw off the accuracy,
the precision, and the way results repeat. Those issues usually trace back to problems with the equipment,
uneven mobile phases, columns that break down over time, or just errors from humans in building the method
or running it day to day. A step-by-step approach to troubleshooting makes all the difference. It zeros in on
the real root causes and uses fixes aimed right at them. In the end, this keeps the whole chromatographic
setup running smooth and steady.

On top of that, sticking to regular upkeep helps a lot. Things like getting samples ready the right way, filtering
solvents properly, taking care of columns, and calibrating the system cut down on time lost to breakdowns.
They also lock in stability for the long haul. Bringing in newer stuff like automatic diagnostic setups, software
for chemo metrics, and Al that predicts when maintenance is needed changes everything. It shifts
troubleshooting from just reacting to problems into something that heads them off ahead of time. When
analysts mix their know how with these fresh tools, they handle the tough spots in analysis better. They build
methods that hold up stronger and make sure the data stays trustworthy. Really, thorough troubleshooting for
HPLC goes beyond fixing things after the fact. It turns into an ongoing way to boost quality. That keeps modern
labs running with real integrity and solid efficiency.
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