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In industrial process control and environmental monitoring, the measurement of
dissolved oxygen (DO) is a critical parameter for ensuring product quality,
biological health, and chemical efficiency. A DO transmitter serves as the
electronic bridge between a dissolved oxygen sensor and a control system, such
as a Programmable Logic Controller (PLC) or Distributed Control System (DCS).
While level measurement instruments ensure the physical volume of a medium is
maintained, the DO transmitter ensures the chemical suitability of that medium for
its intended purpose.

This guide provides an engineering-focused overview of DO transmitter
technologies, selection criteria, and installation requirements for B2B applications
in water treatment, chemical processing, and industrial automation.

| Measurement Principles of Dissolved Oxygen

Before selecting a DO transmitter, it is essential to understand the two primary
sensing technologies it must interface with: electrochemical (amperometric) and
optical (luminescence-based) sensors. The transmitter’s role is to power these
sensors, interpret their raw signals, and provide temperature and pressure
compensation.

|Amperometric (Electrochemical) Principle

Amperometric sensors, often referred to as Clark cells, operate on an
electrochemical reaction. The sensor consists of a cathode and an anode
submerged in an electrolyte solution, separated from the process medium by a
gas-permeable membrane.

When a constant polarization voltage is applied, oxygen molecules diffuse through
the membrane and are reduced at the cathode. This reaction generates a current
proportional to the partial pressure of oxygen in the liquid. The DO transmitter
measures this nano-ampere current and converts it into a concentration reading
(mg/L or ppm). Because the reaction consumes oxygen, these sensors require a
minimum flow velocity (typically 0.3 m/s) to ensure a fresh sample reaches the
membrane.
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|0ptica| (Luminescence) Principle

Optical DO sensors utilize the principle of fluorescence quenching. The sensor head
contains a luminophore (an oxygen-sensitive layer). The transmitter directs a blue
light at this layer, exciting the molecules. As these molecules return to their
ground state, they emit red light. If oxygen molecules are present, they interact
with the luminophore and "quench" the luminescence.

The DO transmitter measures the phase shift or the decay time of the emitted red
light. A longer decay time indicates lower oxygen concentration, while a shorter
time indicates higher concentration. Unlike amperometric sensors, optical sensors
do not consume oxygen and do not require a minimum flow rate, making them
ideal for stagnant or low-flow applications.

| Key Evaluation Criteria for DO Transmitters

Selecting the right DO transmitter involves evaluating the specific requirements of
the process environment. Engineers should focus on the following technical
specifications:

1. Signal Output and Communication: Most modern transmitters provide a 4-20 mA
analog output. However, for integration into Industry 4.0 environments, digital
protocols such as HART, Modbus R5485, or Profibus are often required for remote
diagnostics and calibration data.

2. Temperature Compensation: The solubility of oxygen in water is highly
dependent on temperature. A high-quality DO transmitter must include automatic
temperature compensation (ATC) using input from an integrated NTC or
Pt100/Pt1000 thermistor.

3. Pressure and Salinity Correction: In deep tanks or high-altitude locations,
atmospheric or hydrostatic pressure affects DO readings. Similarly, high salinity
reduces oxygen solubility. Advanced transmitters allow for manual or automated
input of these variables to ensure accuracy.

4. Enclosure Rating: For industrial environments, the transmitter housing should
typically meet IP65 or IP67 standards to protect against moisture, dust, and
corrosive vapors.
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5. User Interface: A clear, backlit LCD is necessary for local monitoring and field
calibration. The ability to toggle between units (mg/L, ppm, % saturation) is a
standard requirement.

| Selection Table: Comparing DO Sensing Technologies

Amperometric Optical (Luminescence)
(Membrane)

Measurement Range 0-20 mg/L 0-20 mg/L (or higher)

Flow Requirement Minimum 0.3 m/s required No flow required

Maintenance Frequency High (Membrane/Electrolyte) Low (Cap replacement 1-2
years)

Response Time (T90) 30-90 seconds 30-60 seconds

Initial Cost Lower Higher

Operational Stability Prone to drift Highly stable

Interferences H2S, CO2, Chlorine Minimal (Ambient light)

| Installation Considerations

Proper installation of the DO transmitter and its associated sensor is vital for
longevity and measurement reliability. In many industrial setups, these
instruments are installed alongside level measurement devices to provide full
process visibility. For a broader look at primary instrumentation types, you can
review product options and application support on our Main Page.

| Sensor Orientation

Sensors should be installed at an angle (typically 45 degrees) rather than
vertically. This prevents air bubbles from becoming trapped on the sensing
surface, which would cause artificially high oxygen readings.
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| Mounting Options

Immersion Mounting: Used in open basins or tanks (e.g., aeration tanks in
wastewater treatment). The sensor is attached to an immersion rod, and the DO
transmitter is mounted on a nearby rail or wall.

Flow-through Mounting: Used in bypass lines or pipes. The sensor is housed in a
flow cell to ensure constant contact with the process fluid.

Insertion Mounting: Used for direct installation into a pressurized pipe via a flange
or thread. This often requires a retractable assembly to allow for sensor cleaning
without shutting down the process.

| Cable Management

Because the raw signal from an amperometric sensor is very low (nA), signal
interference is a risk. It is recommended to keep the cable distance between the
sensor and the DO transmitter as short as possible, or use a transmitter with a
digital pre-amplifier located at the sensor head.

| Limitations and Operational Risks

While DO transmitters are robust, certain conditions can compromise their
performance:

Membrane Fouling: In wastewater applications, biological growth or oils can coat
the sensor membrane. This slows down the response time and leads to
measurement errors. Automated cleaning systems (using compressed air or water
jets) are often integrated with the transmitter.

Chemical Interference: Amperometric sensors can be "poisoned" by gases like
hydrogen sulfide (H2S), which migrate through the membrane and react with the
electrodes. Optical sensors are generally immune to this.

Welk Reference Guide 5



WELK REFERENCE GUIDE Do Transmitter

Calibration Drift: All DO sensors experience some degree of drift over time.
Regular calibration is mandatory. Most industrial DO transmitters support "Air
Calibration," where the sensor is held in water-saturated air, providing a stable
100% saturation reference point.

| Integrating DO and Level Measurement

In many B2B industrial applications, such as chemical reactors or aerobic
digesters, the DO transmitter does not operate in isolation. It is part of a wider
control loop that includes level sensors.

For example, in an aeration tank, a radar or ultrasonic level meter ensures the
tank does not overflow and maintains the correct hydraulic retention time.
Simultaneously, the DO transmitter monitors oxygen levels to control the speed of
blowers or surface aerators. If the liquid level drops too low, the DO sensor may
become exposed to air, leading to false readings and potential equipment damage.
Therefore, integrating level-based interlocks with the DO control logic is a best
practice in plant engineering.

| Frequently Asked Questions (FAQ)

Q: How often should a DO transmitter be calibrated?

A: For optical sensors, calibration every 3 to 6 months is often sufficient.
Amperometric sensors typically require more frequent calibration, ranging from
every two weeks to once a month, depending on the stability of the process
temperature and pressure.

Q: Can a DO transmitter measure oxygen in non-aqueous liquids?

A: Most industrial DO transmitters are calibrated for agueous solutions. Measuring
DO in oils or solvents requires specialized sensors and specific correction factors
for the solubility of oxygen in those specific fluids.

Q: What is the difference between % saturation and mg/L?
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A: % Saturation measures the partial pressure of oxygen relative to the maximum
amount of oxygen that can dissolve in the water at a specific temperature and
pressure. Mg/L (or ppm) measures the actual mass of oxygen per volume of liquid.
The DO transmitter uses the temperature and pressure data to convert between
these two units.

Q: Does the DO transmitter need to be powered separately from the sensor?

A: In most industrial configurations, the DO transmitter provides the necessary
excitation voltage or power to the sensor through the connecting cable. The
transmitter itself is typically powered by a 24V DC loop or a 110/220V AC source.

Q: What happens if the sensor cable is cut?

A: Modern DO transmitters include diagnostics that detect an open circuit or a
short circuit. The transmitter will usually trigger a "Fail" or "Error" relay and output
a specific current (e.g., 3.6 mA or 21 mA) to sighal the control system that
maintenance is required.

By understanding these principles and selection factors, engineers can implement
a DO transmitter system that provides accurate, long-term data for critical
industrial processes. For further technical specifications on measurement
hardware, visit the Main Page.
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