Process Safety In
Pharmaceutical Industry

A practical guide to process safety in pharmaceutical industry, covering the reader
intent, the relationship to process safety in pharmaceutical industry, key

evaluation criteria, common risks, and the information the intended project
audience should confirm before taking the next step.
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Process safety in pharmaceutical industry operations is a multi-faceted discipline
focused on preventing the release of hazardous substances and ensuring the
integrity of complex chemical reactions. Unlike general occupational safety, which
focuses on individual worker protection from slips or falls, process safety
addresses the structural and operational safeguards that prevent catastrophic
events such as fires, explosions, or toxic leaks. In the production of Active
Pharmaceutical Ingredients (APIs) and large-scale drug formulation, accurate level
measurement is a fundamental pillar of these safety protocols.

Maintaining precise control over liquid levels in reactors, storage tanks, and mixing
vessels is essential to prevent overfilling, ensure correct reactant ratios, and
protect equipment from damage. This guide examines how advanced level
measurement technologies contribute to the overall framework of process safety,
providing engineers with the technical data required to select and implement
reliable instrumentation.

The Role of Level Measurement in Pharmaceutical
Safety

In pharmaceutical manufacturing, many processes involve volatile organic
compounds (VOCs), flammable solvents, and highly reactive chemicals. A failure in
level monitoring can lead to several dangerous scenarios:

1. Overfill Accidents: Excessive liquid in a vessel can lead to spills, environmental
contamination, or the compromise of vapor recovery systems.

2. Dry Running of Pumps: If a tank empties unexpectedly, pumps may run dry,
leading to overheating and potential ignition sources in hazardous areas.

3. Inaccurate Batching: Process safety often depends on precise stoichiometry.
Incorrect level readings can lead to runaway reactions if the volume of a cooling
agent or a reactant is miscalculated.

4. Pressure Spikes: Overfilling a closed pressure vessel reduces the headspace
available for gas expansion, potentially leading to a breach of the vessel's pressure
rating.
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To mitigate these risks, manufacturers like Welk provide specialized level meters
designed to meet the rigorous safety and hygiene standards of the pharmaceutical
sector.

Measurement Principles for Safe Pharmaceutical
Operations

Before selecting a device, it is critical to understand the physics behind different
measurement technologies. Each principle has specific strengths and limitations
regarding process safety in pharmaceutical industry applications.

| Radar Level Measurement (Non-Contact)

Radar level meters, particularly those using Frequency Modulated Continuous
Wave (FMCW) technology, are widely regarded as the gold standard for
pharmaceutical safety. These devices emit a high-frequency signal (typically
26GHz or 80GHz) that reflects off the surface of the liquid. By measuring the
time-of-flight or frequency shift, the instrument calculates the distance to the
product.

Safety Advantage: Because the sensor does not touch the medium, there is no risk
of cross-contamination or mechanical wear. It is unaffected by changes in
pressure, temperature, or vapor space composition.

| Ultrasonic Level Sensors

Ultrasonic sensors function by emitting sound waves that bounce off the liquid
surface. The time taken for the echo to return determines the level.

Safety Advantage: Like radar, these are non-contact. However, they are sensitive
to air temperature and heavy foam. In pharmaceutical safety, they are often used
for water treatment or non-volatile chemical storage where vapors are minimal.
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| Hydrostatic Level Transmitters

This principle relies on the relationship between liquid height and pressure: $P =
\rho gh$ (where $P$ is pressure, $\rho$ is density, $g$ is gravity, and $h$ is
height). A pressure sensor at the bottom of the tank measures the weight of the
liguid column above it.

Safety Advantage: These sensors are highly reliable for vented tanks. However, for
process safety, engineers must account for changes in fluid density caused by
temperature fluctuations to maintain accuracy.

| Magnetic Level Gauges

Magnetic gauges use a float containing a magnet that moves with the liquid level
inside a bypass chamber. Outside the chamber, a series of magnetic flaps or a
transmitter tracks the float's position.

Safety Advantage: They provide a clear, mechanical visual indication that does not
require power, serving as an excellent secondary safety backup to electronic
systems.

Key Evaluation Criteria for Pharmaceutical
Instrumentation

When assessing equipment for process safety in pharmaceutical industry
environments, engineers must look beyond basic measurement accuracy. The
following criteria are mandatory for high-risk applications:

| Material Compatibility and Hygiene

All wetted parts must be chemically resistant to the solvents and APIs used.
Typically, 316L stainless steel is the standard, often with a high-grade polish (Ra <
0.8um) to prevent bacterial growth. For aggressive acids, PTFE or PFA coatings are
required. Instruments must support Clean-in-Place (CIP) and Steam-in-Place (SIP)
cycles, enduring temperatures up to 130°C (266°F) without losing calibration.
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| Explosion Protection (ATEX/IECEX)

Since many pharmaceutical processes involve flammable solvents like ethanol or
acetone, level meters must be certified for use in hazardous zones. Intrinsically
safe (Ex ia) or flameproof (Ex d) designs ensure that the instrument cannot
become an ignition source.

| Functional Safety (SIL Ratings)

For critical safety loops, such as high-level alarms intended to prevent tank
rupture, instruments should ideally be rated for Safety Integrity Level 2 (SIL 2) or
SIL 3. This rating indicates the probability of the device failing on demand.

| Selection Table for Pharmaceutical Level Sensors

The following table provides a comparison of common technologies based on
typical pharmaceutical process requirements.

Technology Accuracy Hygienic Explosion Main
Suitability Proof Advantage

80GHz Radar =1 mm Excellent Unaffected by
vapors or
agitation.

Ultrasonic +2-5 mm Good Yes Cost-effective
for water-based
fluids.

Hydrostatic +0.1% FS Excellent Yes Direct mass
measurement in
vented tanks.

Guided Wave +2 mm Fair Yes Reliable in
Radar narrow nozzles
or bypass pipes.
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Level Switches N/A Excellent Yes Critical point
detection for
overfill
prevention.

| Managing Common Risks in Pharma Processes

| Dealing with Foam and Agitation

Pharmaceutical reactors often involve high-speed mixers that create turbulent
surfaces and foam. Standard ultrasonic sensors may fail here as the foam absorbs
the sound waves. In these scenarios, high-frequency radar (80GHz) is preferred
because its narrow beam can penetrate light foam and its advanced algorithms
can filter out noise from agitator blades.

| Accuracy in Small Vessels

Many pharmaceutical batches are produced in small, high-value vessels. In these
cases, the "dead zone" (the area near the sensor where measurement is
impossible) must be minimized. Modern radar sensors from the Welk Main Page
catalog feature near-zero dead zones, allowing for precise measurement even
when the tank is nearly full.

| Installation and Maintenance Considerations

Correct installation is as vital to process safety as the instrument itself. Engineers
should adhere to the following guidelines:

Nozzle Geometry: Ensure the sensor nozzle does not create a "shadow" or internal
reflections. For radar, the nozzle should be short and wide enough to prevent
signal interference.

Gasket Selection: Use USP Class VI compliant gaskets (such as EPDM or PTFE) to
ensure that the seal between the instrument and the vessel does not leach
contaminants or fail under pressure.
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Redundancy: For high-risk processes, use two different measurement principles
(e.g., a radar sensor for continuous level and a tuning fork switch for high-level
cutoff). This prevents a single point of failure from compromising safety.

Calibration: Regular calibration using traceable standards is necessary to ensure
that the safety margins defined in the process designh remain valid over time.

| Frequently Asked Questions

Q: Why is 80GHz radar preferred over 26GHz in pharmaceutical tanks?

A: 80GHz radar has a much narrower beam angle. This allows it to avoid reflecting
off tank walls, internal heating coils, or agitators, which are common in
pharmaceutical vessels. It also allows for smaller process connections (e.g., 1-inch
tri-clamp fittings).

Q: Can hydrostatic sensors be used in pressurized fermenters?

A: Yes, but you must use a differential pressure (DP) setup. One sensor measures
the pressure at the bottom, and another measures the head pressure in the vapor
space. The system subtracts the head pressure to find the true liquid level.

Q: How does process safety in pharmaceutical industry differ from chemical
industry safety?

A: While both prioritize containment, the pharmaceutical industry adds a layer of
"product safety" (preventing contamination). Instruments must not only prevent
leaks but also be designed without crevices where bacteria can grow, often
requiring specific surface roughness certifications.

| Conclusion and Next Steps

Implementing robust process safety in pharmaceutical industry environments
requires a deep understanding of both the chemical process and the limitations of
measurement hardware. By prioritizing non-contact technologies, ensuring
material compatibility, and adhering to SIL and ATEX standards, facilities can
significantly reduce the risk of operational incidents.
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Before proceeding with a procurement or system upgrade, engineering teams
should confirm the following:

1. The dielectric constant of the medium (for radar applications).

2. The maximum temperature and pressure during SIP cycles.

3. The required hygienic certifications (3-A, EHEDG, or USP Class VI).

4. The classification of the hazardous zone where the instrument will be installed.

For technical specifications and support in selecting the right instrumentation for
your safety-critical applications, you can Review product options and application
support to ensure your facility meets the highest standards of accuracy and
reliability.



