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Turbidity measurement is a critical process parameter in industrial water
treatment, beverage production, and chemical processing. It serves as a primary
indicator of water quality and the efficiency of filtration systems. Among the
various manufacturers of optical measurement technology, Sigrist-Photometer has
established a reputation for high-precision instrumentation. This article explores
the principles of turbidity measurement, the specific technological approach used
in Sigrist turbidity systems, and how these measurements integrate with broader
process automation, including level control.

| Measurement Principles of Turbidity

Turbidity is not a direct measurement of the concentration of suspended solids, but
rather an optical property. It describes the degree to which light is scattered or
absorbed by particles in a liquid. The interaction between light and matter in a fluid
is governed by several physical phenomena, primarily Mie scattering and Rayleigh
scattering, depending on the particle size relative to the wavelength of the light
source.

|Nephelometry (90° Scattering)

In low-turbidity applications, such as drinking water monitoring, the 90-degree
scatter method (nephelometry) is the industry standard. A light beam is passed
through the sample, and a detector is positioned at a right angle to the incident
beam. This method is highly sensitive to smaller particles and is less affected by
the color of the liquid. Most international standards, including ISO 7027, specify the
use of near-infrared light (typically 880 nm) for this purpose to minimize
interference from dissolved organic matter.

| Absorption and Forward Scattering

For high-turbidity applications, such as wastewater treatment or industrial slurries,
the light beam is significantly attenuated as it passes through the medium. In
these cases, absorption measurement (180°) or forward scattering (typically 15° to
25°) is utilized. Absorption measures the loss of light intensity, while forward
scattering is more sensitive to larger particles, making it ideal for monitoring
flocculation processes or heavy sediment loads.
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| The Dual-Beam Principle

One of the technical hallmarks of Sigrist turbidity instrumentation is the dual-beam
principle. Optical sensors are prone to drift due to the aging of the light source or
the degradation of the detector. The dual-beam system splits the light into a
measurement beam and a reference beam. By constantly comparing the two, the
instrument can automatically compensate for internal fluctuations, ensuring
long-term stability without frequent manual recalibration.

| Sigrist Technology and Innovation

Sigrist turbidity meters are distinguished by their mechanical and optical design,
which aims to solve the most common problem in optical sensing: window fouling.
In traditional turbidimeters, the glass windows that separate the electronics from
the fluid can become coated with biofilm, minerals, or oil, leading to measurement
errors.

| Contactless Free-Fall Measurement

A significant innovation in the Sigrist AquaScat series is the contactless
measurement technique. Instead of passing the water through a closed cell with
glass windows, the water is formed into a free-falling stream. The optical
measurement is performed through the air, directly on the surface of the falling
water. Because there is no physical contact between the sensor optics and the
process medium, the need for cleaning is virtually eliminated, and the risk of
measurement drift due to fouling is zero.

| Built-in Calibration Standards

Calibration of turbidity meters usually requires the use of Formazin, a hazardous
and unstable chemical suspension. To improve safety and reduce maintenance
time, many Sigrist units incorporate solid-state calibration checks. These are
integrated optical filters or secondary standards that can be moved into the light
path to verify the instrument's accuracy without exposing the operator to
chemicals or interrupting the process for extended periods.
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| Integration with Industrial Level Measurement

In a comprehensive process control environment, turbidity measurement rarely
exists in isolation. It is typically part of a multi-parameter system that includes
flow, pH, and level measurement. For engineers managing large-scale tanks,
clarifiers, or filtration beds, the synergy between optical quality sensors and
mechanical level sensors is vital.

For instance, in a rapid sand filter used in water treatment, the level of water
above the sand bed must be precisely maintained to ensure a constant head
pressure. At the same time, the turbidity of the effluent is monitored to detect
"breakthrough," which occurs when the filter media is saturated and particles
begin to pass through. By integrating high-quality Main Page solutions, such as
radar level transmitters or ultrasonic sensors, with turbidity monitoring, operators
can automate the backwash cycle based on both head loss (level) and water
quality (turbidity).

In chemical storage and processing, level meters provide the quantitative data
(how much volume is present), while turbidity sensors provide the qualitative data
(the purity or concentration of the mixture). This dual-layered approach is essential
for meeting strict regulatory standards and optimizing chemical dosing.

| Selection Criteria for Turbidity Instrumentation

Choosing the right turbidity meter requires a detailed understanding of the process
fluid and the intended measurement range. The following table provides a general
guide for selecting measurement technologies based on application requirements.
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Application Type Typical Range Recommended Key Consideration
(NTU/FNU) Method

Drinking Water 0-10NTU 90° Scattering High sensitivity, low
(Nephelometric) detection limit

Filtration Monitoring 0 - 100 NTU 90° Scatter + Prevention of window
Contactless fouling

Wastewater Effluent 10 - 1,000 NTU 90° or Dual-angle Particle size

variation
Industrial Slurries 1,000 - 10,000+ NTU Absorption (180°) High concentration,

light attenuation

Beverage Clarity 0 -50EBC Dual-angle (90°/25°) Color compensation,
sanitary design

| Installation and Engineering Considerations

Proper installation is as important as sensor selection. Even the most accurate
Sigrist turbidity meter will provide false readings if the installation environment is
not optimized.

1. Elimination of Air Bubbles: Air bubbles scatter light similarly to suspended solids,
leading to falsely high turbidity readings. In pressurized systems, a sudden drop in
pressure can cause dissolved gases to come out of solution. Installation should
include a de-aerator or a bubble trap before the measurement cell.

2. Flow Rate Stability: While many Sigrist sensors are designed to handle varying
flows, a stable flow rate ensures that the sample remains representative. For
free-fall systems, a constant inlet pressure is required to maintain the integrity of
the water jet.

3. Stray Light Suppression: External light entering the measurement chamber can
interfere with the detectors. Sensors should be installed in light-tight housings, and
any bypass piping should be opaque.

4. Orientation: For in-line sensors, the probe should be installed in a vertical pipe
section with upward flow. This ensures that the pipe is always full and prevents the
accumulation of sediment or air pockets at the sensor head.
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| Limitations and Operational Challenges

Despite the advanced technology found in Sigrist turbidity meters, certain physical
limitations must be managed:

Particle Color: If the light source is in the visible spectrum, the color of the liquid
can absorb light, leading to inaccurate readings. Using NIR (880 nm) light sources
significantly mitigates this, but extreme coloration may still require specialized
compensation algorithms.

Particle Size and Shape: Turbidity is a measure of light scattering, not mass. Two
samples with the same mass concentration of solids but different particle sizes will
yield different NTU values. Calibration must always be performed against the
specific process medium if a correlation to mg/L (milligrams per liter) is required.

Extreme Temperatures: Optical components and electronics are sensitive to heat.
In high-temperature chemical processes, cooling jackets or long bypass lines may
be necessary to bring the sample temperature within the operating range of the
sensor (typically 0°C to 50°C for standard units).

| Frequently Asked Questions

What is the difference between NTU and FNU?

NTU (Nephelometric Turbidity Units) is generally used when referring to
measurements made with a white light source (common in US EPA standards),
while FNU (Formazin Nephelometric Units) refers to measurements made with an
infrared light source (880 nm) according to ISO 7027. Numerically, they are often
equivalent for Formazin calibrations.

How often does a Sigrist turbidity meter require calibration?

Thanks to the dual-beam principle and contactless measurement, Sigrist meters
are exceptionally stable. While many regulatory bodies require a monthly or
qguarterly verification, the actual calibration interval can often be extended to six
months or a year, depending on the cleanliness of the application.

Can these sensors measure oil in water?
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Yes, turbidity sensors can detect oil droplets in water as they scatter light.
However, for specific oil-in-water monitoring, fluorescence-based sensors are often
preferred as they can distinguish between hydrocarbons and other suspended
solids.

Does the sensor require a specific flow rate?

For free-fall models like the AquaScat, a minimum flow (typically around 1 to 7
L/min) is required to maintain the stream. In-line models are less sensitive to flow
but require enough velocity to prevent particles from settling on the sensor face.

In summary, Sigrist turbidity instrumentation represents a high-tier solution for
process industries where accuracy and low maintenance are paramount. By
understanding the optical principles and ensuring proper integration with other
process instruments like level meters, engineers can achieve robust and reliable
control over their liquid processes.
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