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Continuous Turbidity
Monitoring

A practical guide to continuous turbidity monitoring, covering the reader intent, the
relationship to continuous turbidity monitoring, key evaluation criteria, common
risks, and the information the intended project audience should confirm before
taking the next step.
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In the landscape of industrial process control, the clarity of a liquid is often as
critical as its temperature or pressure. Continuous turbidity monitoring serves as a
vital diagnostic tool, providing real-time data on the presence of suspended solids
within a fluid. Unlike grab sampling, which offers only a snapshot in time,
continuous monitoring allows for immediate response to process upsets, ensuring
compliance with environmental regulations and maintaining the integrity of
downstream equipment.

Turbidity is defined as the optical characteristic of a liquid that causes light to be
scattered and absorbed rather than transmitted in straight lines through the
sample. It is a measure of relative clarity and is not a direct measure of the mass
concentration of suspended particles, although a correlation can often be
established for specific processes. For engineers managing water treatment,
chemical manufacturing, or industrial automation, understanding the nuances of
this measurement is essential for optimizing plant performance.

Understanding the Principles of Turbidity
Measurement

Before selecting a monitoring system, it is necessary to understand how light
interacts with particles in a medium. The measurement of turbidity relies on the
physical properties of light scattering. When a light beam passes through a fluid
containing suspended solids, the particles interact with the light, scattering it in
various directions.

|Nephelometry (90° Scattering)

Nephelometry is the most common method for continuous turbidity monitoring,
particularly in low-turbidity applications such as potable water treatment.
According to ISO 7027 and EPA 180.1 standards, a light source (either white light
or infrared) is directed into the sample. A detector is positioned at a 90-degree
angle to the light path. The intensity of the light scattered at this specific angle is
proportional to the concentration of suspended particles. This method is highly
sensitive to small particles and is typically measured in Nephelometric Turbidity
Units (NTU) or Formazin Nephelometric Units (FNU).

Welk Reference Guide 2



WELK REFERENCE GUIDE Continuous Turbidity Monitoring

|Transmission and Attenuation

In high-turbidity environments, such as raw sewage or concentrated chemical
slurries, the 90-degree scattering method can become saturated. In these cases,
sensors may use the attenuation method, measuring the decrease in light intensity
as it passes directly through the sample to a detector located at 180 degrees.
Alternatively, backscatter sensors measure light reflected at angles greater than
90 degrees, which is effective for very high concentrations of solids.

| Ratio Technology

Advanced turbidity meters often employ "ratio" technology, which utilizes multiple
detectors at different angles (e.g., 90°, 180°, and backscatter). By calculating the
ratio of signals from these detectors, the system can compensate for common
interferences such as sample color, light source fluctuations, and sensor window
fouling. This provides a more robust measurement across a wider dynamic range.

The Role of Continuous Turbidity Monitoring in
Industrial Processes

Continuous turbidity monitoring is integrated into various stages of industrial
production and environmental protection. Its primary role is to act as an early
warning system for process deviations.

Water and Wastewater Treatment: In municipal plants, turbidity is monitored after
filtration to ensure that the water is safe for consumption. High turbidity levels can
indicate a breakthrough in the filter bed or a failure in the coagulation/flocculation
process. In wastewater, it is used to monitor effluent quality before discharge into
natural water bodies.

Chemical and Pharmaceutical Production: Precise clarity is often a requirement for
intermediate and final products. Monitoring turbidity ensures that reactions have
reached completion or that separation processes (like centrifugation or filtration)
are functioning correctly.
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Cooling Water Systems: In power plants and large manufacturing facilities,
turbidity monitoring in cooling towers helps prevent the buildup of scale and
biological growth, which can reduce heat transfer efficiency and damage heat
exchangers.

Food and Beverage: Turbidity sensors are used in Clean-in-Place (CIP) systems to
distinguish between product, rinse water, and cleaning chemicals, reducing waste
and ensuring food safety.

For a comprehensive overview of industrial instrumentation and how these sensors
integrate into broader automation frameworks, professionals can visit the Main
Page to review product options and application support.

| Key Evaluation Criteria for Turbidity Sensors

Selecting the right equipment requires a detailed analysis of the application
environment. Not all sensors are suitable for every fluid, and choosing the wrong
technology can lead to frequent maintenance and inaccurate data.

| Measuring Range

The expected turbidity range is the first consideration. A sensor designed for 0-10
NTU in drinking water will fail in a process stream with 1,000 NTU. Conversely, a
high-range sensor will lack the resolution needed for high-purity water
applications.

| Light Source Selection

Infrared (IR) Light: Typically 860 nm. IR is preferred when the sample has inherent
color, as it minimizes interference from light absorption by the liquid itself. It is the
standard for ISO 7027 compliance.

White Light: Tungsten filament lamps are often used to meet EPA 180.1
requirements in the United States. White light is more sensitive to very small
particles but is susceptible to interference from sample color.

Welk Reference Guide 4



WELK REFERENCE GUIDE Continuous Turbidity Monitoring

| Self-Cleaning Mechanisms

In industrial settings, sensor windows are prone to fouling from minerals, oils, or
biological growth. Continuous turbidity monitoring systems often feature automatic
cleaning mechanisms, such as mechanical wipers, ultrasonic cleaners, or
high-pressure air/water flushes. These features are critical for reducing manual
maintenance intervals.

| Selection Table for Turbidity Monitoring Systems

The following table provides a general guideline for selecting a turbidity
measurement approach based on the application type.

Application Typical Range Preferred Light Source Key Feature

Needed

Type Method

Potable Water 0-1 NTU Nephelometric White Light / IR High Resolution
Effluent (90°)

Raw Water 10-500 NTU Ratio / Infrared Fouling

Intake Nephelometric Resistance
Wastewater 10-1,000 NTU Backscatter / Infrared Automatic
Discharge Ratio Wiper

Sludge >1,000 NTU Attenuation / Infrared High Solids
Concentration Backscatter Tolerance
Chemical Variable Ratio Infrared Chemical
Processing Technology Compatibility

| Installation and Integration Guidelines

The accuracy of continuous turbidity monitoring is heavily dependent on the
installation environment. Even the most precise sensor will provide false readings
if installed in an area with excessive turbulence or air bubbles.
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| Avoiding Entrained Air

Air bubbles are the primary enemy of turbidity measurement. Because bubbles
scatter light similarly to solid particles, they cause false high readings. Installation
should occur in a pressurized line or a de-bubbling chamber. If using an immersion
sensor in an open channel, it should be placed in a zone of laminar flow away from
weirs or chemical injection points.

| Flow and Pressure Considerations

Most flow-through turbidity cells require a consistent flow rate, typically between
200 mL/min and 750 mL/min. Rapid fluctuations in flow can cause pressure
changes that release dissolved gases as bubbles. In high-pressure applications, a
pressure regulator may be necessary before the sample reaches the sensor.

| Integration with Level Instrumentation

In many industrial basins and tanks, turbidity monitoring is used in conjunction with
level measurement. For instance, in a sedimentation tank, a hydrostatic level
transmitter or an ultrasonic level sensor provides data on the total volume of the
tank, while the turbidity sensor monitors the clarity of the supernatant. This
integrated approach allows for automated sludge wasting—where the level meter
tracks the sludge blanket height and the turbidity meter confirms the quality of the
effluent. For more information on coordinating these technologies, refer to the
Main Page.

| Common Risks and Mitigation Strategies

Engineers must be aware of the limitations of optical measurement to maintain
system reliability.

1. Optical Fouling: The accumulation of material on the sensor lens is the most
common cause of drift. Mitigation involves selecting sensors with integrated wipers
and performing routine manual inspections.
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2. Stray Light: External light entering the measurement chamber can interfere with
the detector. Using light-tight flow cells and ensuring immersion sensors are at a
sufficient depth (typically at least 10 cm below the surface) can mitigate this.

3. Sample Color: As mentioned, colored liquids absorb light, which can artificially
lower turbidity readings. Using an infrared light source or a ratio-based
measurement system is the standard solution for colored samples.

4. Temperature Extremes: Rapid temperature changes can lead to condensation
on internal optics or the sensor window. Many high-end turbidity meters include
internal desiccant packs or heated optics to prevent fogging.

| Frequently Asked Questions (FAQs)

Q: How often should a continuous turbidity meter be calibrated?

A: Calibration frequency depends on the application and the stability of the sensor.
In stable drinking water applications, quarterly calibration may suffice. In
high-fouling industrial processes, monthly or even weekly verification against a
secondary standard is recommended.

Q: Can | use turbidity to measure Total Suspended Solids (TSS)?

A: Yes, but only if you establish a site-specific correlation. Since turbidity measures
light scattering and TSS measures mass, the relationship changes if the particle
size, shape, or color of the solids change. Regular lab analysis of grab samples is
required to maintain this correlation.

Q: What is the difference between NTU and FNU?

A: Both units represent the same concentration of Formazin, the primary
calibration standard. However, NTU (Nephelometric Turbidity Units) is typically
used when referring to measurements made with a white light source (EPA 180.1),
while FNU (Formazin Nephelometric Units) refers to measurements made with an
infrared light source (ISO 7027).

Q: Is it better to use an immersion sensor or a flow-through cell?
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A: Immersion sensors are ideal for open channels, tanks, and large pipes where a
representative sample can be reached easily. Flow-through cells are better for
high-purity applications or when the process fluid is under pressure and needs to
be regulated before measurement.

| Conclusion and Next Steps

Implementing a successful continuous turbidity monitoring strategy requires more
than just purchasing a sensor. Project teams should confirm the following details
before finalizing their instrumentation selection:

Fluid Characteristics: Confirm the chemical compatibility of the sensor body and
seals with the process fluid.

Data Requirements: Determine if the system needs to output simple 4-20mA
signals or if digital communication (Modbus, Profibus) is required for integration
into a SCADA system.

Maintenance Access: Ensure the sensor location is accessible for calibration and
that there is a nearby water source for cleaning if an automatic system is not used.

By carefully evaluating the measurement principle and installation environment,
industrial operators can ensure that their turbidity monitoring systems provide the
reliable data necessary for efficient process control.
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