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Turbidity measurement is a critical parameter in industrial liquid analysis, serving
as a primary indicator of water quality and process efficiency. In technical terms,
turbidity refers to the optical clarity of a liquid, caused by the presence of
suspended solids such as silt, clay, organic matter, and microscopic organisms.
These particles scatter and absorb light rather than allowing it to pass through the
liquid in a straight line.

For process engineers and plant operators, monitoring turbidity is essential for
ensuring compliance with environmental regulations, protecting downstream
equipment from fouling, and maintaining the consistency of chemical products.
This article explores the fundamental principles of turbidity measurement,
selection criteria for industrial sensors, and the practical considerations required
for successful installation and maintenance.

| Measurement Principles of Turbidity Sensors

Turbidity is not a direct measurement of the mass of suspended solids; rather, it is
an expression of the optical property that causes light to be scattered and
absorbed. To provide accurate data, turbidity sensors rely on specific optical
geometries and light sources. Understanding these principles is the first step in
selecting the correct instrument for a specific application.

|1. Nephelometry (90° Scattering)

Nephelometry is the most common method for measuring low to medium turbidity
levels. In this configuration, a light source (typically an LED or tungsten lamp)
sends a beam into the liquid. A detector is positioned at a 90-degree angle to the
incident light path. When the light hits suspended particles, it scatters in all
directions. The intensity of the light scattered at 90 degrees is proportional to the
concentration of particles. This method is highly sensitive and is the standard for
monitoring potable water and filtered process water.
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|2. Transmission (Absorption)

In high-turbidity applications, the 90-degree scattering method becomes less
effective because the light cannot penetrate deep into the dense medium. Instead,
transmission sensors measure the attenuation of light as it passes through a
known path length. The detector is placed directly opposite the light source (180
degrees). As the particle concentration increases, more light is absorbed or
blocked, and the signhal at the detector decreases. This is ideal for sludge
monitoring and high-concentration industrial effluents.

|3. Backscatter (135°-180° Scattering)

Backscatter sensors detect light that is reflected back toward the source. This
technology is particularly useful in extremely high-solids environments, such as
mining slurries or concentrated wastewater, where the liquid is nearly opaque.
Because the light only needs to penetrate a very short distance into the medium
before being reflected, it avoids the signal saturation issues common in other
methods.

| 4. Technical Standards: I1ISO 7027 vs. EPA 180.1

Two primary standards govern turbidity measurement:

ISO 7027: Specifies the use of near-infrared (NIR) light (usually 860 nm). This
wavelength is invisible to the human eye and is less affected by the color of the
liquid, making it suitable for industrial wastewater and environmental monitoring.

EPA 180.1: Requires a tungsten lamp with a visible light spectrum. This is the
standard for drinking water compliance in certain regions, although it is more
susceptible to interference from colored dissolved organic matter.
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|Practica| Selection Table for Industrial Applications

Choosing the right turbidity sensor requires balancing the expected range of
measurement with the physical characteristics of the process. The following table
provides a general guide for technology selection.

Application Type Expected Range Recommended Common Sensor
(NTU/FNU) Principle Material

Drinking Water / RO 0-10 NTU Nephelometric (90°) PVC / Stainless Steel

Permeate

Filter Backwash 10 - 500 NTU Nephelometric or Stainless Steel 316L

Monitoring Ratio

Industrial 100 - 2,000 NTU Absorption / CPVC / PVDF

Wastewater Transmittance

Sludge Concentration = 2,000 - 10,000+ NTU Backscatter Sapphire Glass /
Titanium

Chemical Process Varies Multi-beam / Ratio Hastelloy / PTFE

Fluids

| Key Evaluation Criteria for B2B Procurement

When evaluating turbidity sensors for an industrial project, engineers must look
beyond the basic measurement range. Several factors influence the long-term
reliability and total cost of ownership (TCO) of the instrument.

| Media Compatibility and Pressure Ratings

Industrial fluids can be corrosive or abrasive. While standard water treatment
sensors often use PVC or ABS plastic housings, chemical applications may require
316L stainless steel, Titanium, or even Hastelloy. Furthermore, the optical
window—the interface between the electronics and the fluid—must be made of
durable materials like sapphire glass to resist scratching from abrasive particles.
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|Temperature Compensation

While turbidity itself is not highly temperature-dependent, the optical components
and the physical properties of the liquid (such as the solubility of certain particles)
can change with temperature. High-quality sensors include integrated temperature
compensation to ensure the electronics remain stable across the process range,
typically up to 50°C (122°F) for standard probes or higher for specialized
high-temperature models.

| Output Signals and Integration

In the era of Industrial loT and automation, the ability to integrate sensor data into
a PLC (Programmable Logic Controller) or SCADA system is vital. Most modern
turbidity sensors offer 4-20mA analog outputs with HART protocol, or digital
communication via RS485 Modbus. For comprehensive plant management, these
sensors are often deployed alongside other instruments. For instance, a facility
may require both water quality data and tank volume data; in such cases,
reviewing broader product options on a manufacturer's Main Page can help in
selecting a unified suite of measurement tools.

| Installation Considerations and Best Practices

The accuracy of a turbidity sensor is often determined more by its installation than
by its factory calibration. Proper placement ensures that the sensor sees a
representative sample of the fluid and is not compromised by environmental
factors.

| Avoiding Air Bubbles

Air bubbles are the primary enemy of turbidity measurement. Because bubbles
scatter light in a manner similar to solid particles, they cause significant positive
interference (falsely high readings). To mitigate this:

Install sensors in a vertical pipe with an upward flow to ensure the pipe remains
full and bubbles are carried away.
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Use a bubble trap or de-aerator in bypass flow-cell installations.

Avoid placing sensors immediately downstream of pumps or valves where
cavitation or air ingress may occur,

Ensure the sensor is under sufficient pressure to keep dissolved gases in solution.

In open channels, submerge the sensor deep enough to avoid surface turbulence.

| Managing Stray Light

Stray light—light from external sources or internal reflections from pipe walls—can
reach the detector and cause measurement errors. This is particularly problematic
in low-turbidity applications. Using a dedicated flow cell with a black, non-reflective
interior surface is the best way to control the optical environment. If installing a
probe directly into a large tank, ensure it is positioned away from sunlight or bright
overhead industrial lighting.

| Orientation and Flow Velocity

In pipes, the sensor should be installed at an angle that prevents the accumulation
of sediment on the optical face. A flow velocity of at least 0.5 m/s (1.6 ft/s) is
usually recommended to provide a "self-cleaning" effect, preventing particles from
settling on the lens. However, excessively high velocity should be avoided if it
causes turbulence or aeration.

| Limitations and Common Risks

No sensor is maintenance-free, and turbidity instruments face specific challenges
in industrial environments.

1. Biofouling and Scaling: In wastewater or untreated surface water, algae,
bacteria, and mineral scale (like calcium carbonate) can grow on the optical
window. This "fouling" blocks the light path and leads to drift. Automated cleaning
systems, such as mechanical wipers or ultrasonic cleaning modules, are highly
recommended for these environments.
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2. Color Interference: If a liquid has a strong color (e.g., tea-colored organic acids),
it will absorb light. In a standard white-light sensor, this absorption is
indistinguishable from turbidity, leading to errors. Using an infrared light source
(1SO 7027) significantly reduces this risk.

3. Particle Size and Shape: Turbidity sensors are calibrated using Formazin, a
synthetic polymer with a consistent particle size. However, real-world particles
vary in size, shape, and reflectivity. A sensor may give different readings for 10
mg/L of fine silt versus 10 mg/L of large organic flakes, even if the mass
concentration is the same.

|Frequent|y Asked Questions (FAQs)

Q: How often should a turbidity sensor be calibrated?

A: For critical compliance applications, monthly verification is common. In stable
industrial processes, quarterly calibration using Formazin standards or secondary
dry standards is usually sufficient, provided the sensor is cleaned regularly.

Q: What is the difference between NTU, FNU, and FAU?

A: NTU (Nephelometric Turbidity Units) is used for white light/EPA methods. FNU
(Formazin Nephelometric Units) is used for infrared/ISO 7027 methods at 90°. FAU
(Formazin Attenuation Units) is used for transmission-based measurements in
high-turbidity liquids.

Q: Can turbidity sensors measure Total Suspended Solids (TSS)?

A: Yes, but only through correlation. Since turbidity is an optical measurement and
TSS is a gravimetric (weight-based) measurement, you must establish a
site-specific correlation curve by comparing sensor readings to laboratory
filter-and-dry samples.
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| Conclusion

Turbidity sensors are indispensable tools for modern industrial automation,
providing real-time insights into process stability and environmental safety. By
understanding the optical principles of hephelometry and absorption, and by
following rigorous installation standards regarding bubble management and fouling
prevention, engineers can ensure high-quality data.

As part of a complete industrial monitoring strategy, turbidity data is most valuable
when integrated with other process variables. Whether you are managing a water
treatment plant or a complex chemical refinery, selecting reliable instrumentation
from a professional manufacturer like Welk ensures that your systems operate at
peak efficiency. For those looking to expand their measurement capabilities across
level and flow applications, the Main Page offers a comprehensive overview of
industrial solutions tailored for global automation needs.
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