Dissolved Oxygen Monitoring

A practical guide to dissolved oxygen monitoring, covering the reader intent, the
relationship to dissolved oxygen monitoring, key evaluation criteria, common risks,

and the information the intended project audience should confirm before taking
the next step.
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Dissolved oxygen (DO) is a critical parameter in various industrial and
environmental processes, representing the amount of gaseous oxygen (02)
dissolved in a liquid medium. Effective dissolved oxygen monitoring is essential for
maintaining biological activity in wastewater treatment, ensuring product quality in
chemical manufacturing, and preventing corrosion in high-pressure steam
systems. For engineers and plant managers, selecting the appropriate monitoring
technology requires a deep understanding of measurement principles,
environmental constraints, and maintenance requirements.

As a professional manufacturer of industrial level measurement instruments, Welk
provides a range of solutions for industrial automation. While level measurement is
a core focus, the integration of liquid analysis tools like dissolved oxygen sensors
is vital for comprehensive process control. This guide explores the technical
foundations of DO measurement and provides practical insights for industrial
implementation.

Understanding Dissolved Oxygen in Industrial
Processes

Dissolved oxygen is typically measured in milligrams per liter (mg/L), parts per
million (ppm), or percentage of saturation (%). The solubility of oxygen in water is
not constant; it is governed by Henry's Law, which states that the amount of
dissolved gas is proportional to its partial pressure in the gas phase. Consequently,
DO levels are heavily influenced by three primary factors:

1. Temperature: Oxygen solubility decreases as temperature increases. For
example, at 0°C, fresh water can hold approximately 14.6 mg/L of oxygen,
whereas at 25°C, it can only hold about 8.3 mg/L.

2. Atmospheric Pressure: Solubility increases with higher barometric pressure. This
is particularly relevant for facilities located at high altitudes.

3. Salinity: Increased salt concentration reduces the ability of water to hold
dissolved oxygen (the "salting-out" effect).
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In industrial applications, dissolved oxygen monitoring serves different purposes.
In wastewater treatment, DO is the primary control parameter for aeration basins,
where aerobic bacteria require oxygen to break down organic matter. In power
generation, specifically in boiler feed water, DO must be kept at near-zero levels
(often in the parts per billion range) to prevent oxidative corrosion of metal
components.

Core Measurement Principles: Electrochemical vs.
Optical

There are two primary technologies used for continuous dissolved oxygen
monitoring in industrial settings: electrochemical (specifically polarographic or
galvanic) and optical (luminescence-based).

|Electrochemical (Clark) Sensors

Electrochemical sensors utilize a membrane-covered electrode system. The sensor
consists of a cathode and an anode submerged in an electrolyte solution,
separated from the process media by a semi-permeable membrane.

Measurement Principle: Oxygen molecules diffuse through the membrane and are
reduced at the cathode, creating an electrical current. The magnitude of this
current is directly proportional to the partial pressure of oxygen in the liquid.

Polarographic Sensors: These require an external polarizing voltage to be applied
to the electrodes. They typically have a longer warm-up time but offer high
stability.

Galvanic Sensors: These use dissimilar metals for the anode and cathode, creating
a self-polarizing system that produces a current immediately upon immersion.

Limitation: Electrochemical sensors consume oxygen during the measurement
process. This necessitates a minimum flow rate (usually at least 0.3 meters per
second) across the membrane to ensure a fresh supply of oxygenated liquid
reaches the sensor. Without sufficient flow, the reading will artificially drift
downward.



Dissolved Oxygen Monitoring

|0ptica| (Luminescence) Sensors

Optical DO sensors represent the modern standard for many industrial applications
due to their reduced maintenance requirements and lack of oxygen consumption.

Measurement Principle: The sensor head contains a luminescent dye embedded in
a sensing element. An LED inside the sensor emits blue light, which excites the dye
molecules. As the dye molecules return to their ground state, they emit red light. If
oxygen molecules are present, they interact with the dye and "quench" the
luminescence. The sensor measures either the intensity or the lifetime (decay
time) of the red light. The degree of quenching is proportional to the concentration
of dissolved oxygen.

Advantages: Optical sensors do not require a minimum flow rate, are not affected
by hydrogen sulfide (H2S) or other common chemical interferences, and do not
require electrolyte replacement.

| Technical Selection Criteria for DO Sensors

Choosing between optical and electrochemical technologies depends on the
specific demands of the process environment. The following table provides a
comparison for engineering evaluation:
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Electrochemical Optical (Luminescence)
(Polarographic)

Oxygen Consumption Yes (Requires flow) No (Suitable for stagnant
water)

Maintenance Frequency High (Membrane/Electrolyte Low (Annual cap
changes) replacement)

Warm-up Time 5 to 15 minutes Instantaneous

Chemical Interference Sensitive to H2S, CO2, and Highly resistant
Chlorine

Initial Cost Lower Higher

Long-term TCO Higher (Labor and parts) Lower

Calibration Stability Moderate (Drifts over time) Excellent

When evaluating equipment, it is also important to consider the integration
capabilities with existing control systems. Most modern transmitters offer 4-20mA
HART, Modbus RS485, or Profibus communications to link with the Main Page of the
facility's SCADA or PLC architecture.

| Installation Best Practices and Positioning

Proper installation is as critical as sensor selection for accurate dissolved oxygen
monitoring. Incorrect placement can lead to unrepresentative readings or
premature sensor failure.

1. Avoid Air Pockets and Bubbles: Sensors should not be installed directly above
aeration diffusers or in areas where air bubbles can accumulate on the sensing
surface. Bubbles will cause the sensor to read the oxygen concentration of the air
(approx. 20.9%) rather than the liquid.

2. Immersion Depth: The sensor must be submerged deep enough to avoid surface
turbulence but not so deep that it rests in the sludge layer at the bottom of a tank.
A typical immersion depth is 0.5 to 2.0 meters depending on the vessel size.
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3. Mounting Angle: Sensors should ideally be mounted at an angle (e.g., 45
degrees) rather than vertically. This helps prevent the accumulation of air bubbles
on the sensor face and allows solids to slide off the sensing element.

4. Flow Velocity: If using electrochemical sensors, ensure the mounting location
has consistent flow. In low-flow areas, a flow-through cell or a sensor with a built-in
stirrer may be required.

| Maintenance and Calibration Requirements

Maintenance protocols differ significantly between the two technologies. For
electrochemical sensors, the membrane must be inspected for fouling or tears, and
the electrolyte solution must be replenished periodically (often every 2-6 months
depending on the process). The electrodes may also require polishing if they
become oxidized.

Optical sensors are much simpler to maintain. The primary maintenance task is
cleaning the sensing cap to remove biofouling. The sensing cap itself typically
needs replacement once every 12 to 24 months, as the luminescent dye gradually
degrades over time.

Calibration Methods:

Air Calibration: The most common method, where the sensor is held in
water-saturated air. This is highly accurate and easy to perform in the field.

Winkler Titration: A manual chemical analysis used to verify the sensor's accuracy
against a laboratory standard. While precise, it is labor-intensive and susceptible to
human error.

Managing Risks and Limitations in Harsh
Environments

Industrial environments present several challenges to dissolved oxygen monitoring
accuracy:
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Biofouling: In wastewater and aquaculture, algae and bacterial films grow on the
sensor surface. This creates a localized micro-environment where oxygen levels
differ from the bulk liquid. Automatic cleaning systems, such as compressed air
blasts or mechanical wipers, are highly recommended for these applications.

Chemical Coating: In chemical processing, oils, greases, or calcium deposits can
coat the sensor. Selection of a sensor with a smooth, polished body and
specialized cleaning regimes is nhecessary.

Pressure Extremes: Standard DO sensors are often rated for pressures up to 6 bar
(approx. 87 psi). For high-pressure applications, such as deep-sea monitoring or
pressurized chemical reactors, specialized high-pressure housings must be used.

| Application-Specific Monitoring Strategies

| wastewater Treatment

In the activated sludge process, maintaining DO levels between 1.5 and 2.0 mg/L is
standard. Dropping below this range can lead to the growth of filamentous
bacteria, which prevents sludge from settling (bulking). Exceeding this range
wastes significant energy by over-operating aeration blowers. Optical sensors are
the preferred choice here due to their resistance to H2S and low maintenance in
high-solids environments.

| Boiler Feed Water

For high-pressure boilers, oxygen levels must be kept below 5 ppb (parts per
billion). This requires highly sensitive electrochemical sensors designed for
trace-level measurement. These systems often include integrated flow cells and
temperature compensation to ensure extreme precision.
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| Aquaculture

Fish and shrimp are highly sensitive to DO fluctuations. Monitoring must be
continuous, as levels can drop rapidly at night when photosynthesis stops. Because
these systems are often in remote locations, the stability and low power
consumption of optical sensors make them the ideal solution for solar-powered
monitoring stations.

| Frequently Asked Questions

Q: How often should | calibrate my dissolved oxygen sensor?

A: For optical sensors, calibration check every 3-6 months is usually sufficient.
Electrochemical sensors may require monthly or even weekly calibration
depending on the stability of the process and the rate of membrane fouling.

Q: Can | use a DO sensor in saltwater?

A: Yes, but the transmitter must be configured with the salinity value of the water.
Since salt reduces oxygen solubility, the device needs this data to calculate the
correct concentration and % saturation.

Q: Why is my DO reading higher than 100% saturation?

A: This is known as supersaturation. It can occur in environments with rapid
photosynthesis (algal blooms) or where air is being forced into the water under
pressure and then released.

Q: Does the sensor require a specific orientation?

A: Yes, avoid pointing the sensor face directly upward, as this allows sediment to
settle on the membrane or cap. A downward angle of 30-45 degrees is generally
best for self-cleaning and bubble shedding.
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By carefully considering the measurement principle, installation environment, and
maintenance capabilities, industrial operators can implement a dissolved oxygen
monitoring system that provides reliable data for process optimization. For further
technical specifications on industrial instrumentation and integration, professionals
should consult the technical resources available on the Main Page of recognized
equipment manufacturers.



