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1. Introduction 

The Oxygen Uptake Rate (OUR) by the bacteria in Activated Sludge is one of the most significant 
measures available in wastewater management and a new generation of sophisticated online OUR 
multi-parameter instruments linked to Plant Control Systems and the Internet of Things is planned to 
deliver the next step change in Environmental excellence. These devices have the capability to 
radically reduce operating costs while reducing loads on the receiving environment.  

This document is intended to give a basic understanding of OUR in wastewater applications, 
interpretation of test outputs and to give some case studies of applying advanced techniques to 
control and optimise the Activated Sludge Process.   

2. The Science behind Oxygen Uptake Rate.  

The bacteria in the Aerobic zone of an Activated Sludge Plant biodegrade the waste materials in the 
influent stream. Viewing this very simplistically the biodegradable waste materials can be broken 
into organic Carbon-based compounds such as sugars (C6H12O6) or Ammoniacal Compounds (NH3). 
The biodegradation process for each can be represented in the following diagrams.  

 

C6H1206 +6O2 → 6CO2+6H20 

Figure 1 – Visual and Stoichiometric Representation of BOD Biodegradation Process.  

 

2NH3 +3O2 → 2NO2
-+H20+H+ 

2N02
-+O2 → 2NO3

 

Figure 2 – Visual and Stoichiometric Representation of Nitrification Process. 

In each case we can see that if we can measure the rate of Oxygen consumption in the reaction, 
then we can measure the rate of biodegradation of the waste materials. Dissolved Oxygen 



measurement in Activated Sludge mixed liquor is now a well-established technique and modern 
Luminescent Dissolved Oxygen Sensors are highly stable and have been on the market in demanding 
applications for many years. A new generation of closed cell Respirometry Chambers (which seal the 
measuring environment from external oxygen sources) allow the measurement of the decline in 
Dissolved Oxygen levels in real time and hence the Oxygen Uptake rate. The fact that this equipment 
can self-clean and self-calibrate means hitherto unrealisable levels of accuracy and reliability can be 
achieved.  

The following graph is a simplified model of the Activated Sludge Biodegradation process.  

 
Figure 3 – OUR model of Biodegradation.  

The Endogenous (or starving) OUR rate is the oxygen consumption rate when there is no 
Biodegradable material available. This correlates to a BOD (Biological Oxygen Demand) of 0 mg/l and 
an Ammonia level of 0 mg/l. Adding a food source to mixture leads to a rapid increase in Bacterial 
activity and an instantaneous increase in OUR. The rate of OUR is now maximised as the bacteria will 
consume the Readily Biodegradable (rbCOD) food. In an Activated Sludge plant, this is analogous to 
the time when the Influent Flow mixes with the Return Activated Sludge flow in the presence of 
Oxygen. As time passes and the readily biodegradable fractions are consumed, the OUR will reduce 
as only more difficult to digest or recalcitrant (sbCOD) is available and the biodegradation process 
slows down. Finally, only the fraction of Nitrogen compounds not consumed as a nutrient balance in 
the BOD removal process are consumed – this OUR rate is much slower as the proportion of 
Nitrifying bacteria is normally much lower than Carbonaceous types. Once biodegradation is 
completed, the OUR rate will return to Endogenous levels. The treatment plant design intention is 
that this occurs before the mixture leaves the aeration zones, as were this not the case untreated 
wastes would be discharged to the receiving waters. 

 
Figure 4 – Assessment of COD fractions. 

This graph above is known as a Respirograph and if we know the shape and values on the 
Respirograph we can begin to design an activated sludge process to properly biodegrade the waste. 
The example below is an online Respirograph produced by an ASP-Con system on a sewage 
treatment plant in Scotland.  



 
Figure 5 – Online Respirograph 

In the above example, we can see that it took an additional 3 hours of treatment to fully biodegrade 
the contamination present in the sample, that the OUR maximum rate was 40mg/l/hr and the 
Endogenous rate is 22mg/l/hr. 

3. Practical Applications of OUR in Activated Sludge Management  

The picture below shows an ASP-Con device specifically designed to measure OUR (as well as other 
parameters) continuously in an Activated sludge plant. More details are available at 
http://www.strathkelvin.com/asp-con/  

 
Figure 6 – ASP-Con installed in treatment works in Northern Ireland.  

We will now consider practical applications of this instrument in various applications. The case 
studies below are intentionally brief. For more details please contact the author.  

3.1  Discharge Compliance Monitoring 

One of the biggest challenges facing the operator of an Activated Sludge plant is that they never 
truly know, in real time, if the plant is compliant or not. Most plants are regulated for BOD5 in the 
discharge and this test takes 5 days to complete in a laboratory. Measuring discharge COD, pseudo 
BOD5 and Ammonia give some comfort but not enough to give certainty, thereby leading to 
inefficient processing as the operator over treats significantly rather than risk non-compliant 
discharge. However, an automatic OUR measurement at the end of the treatment process quickly 
picks up if the mix has returned to the endogenous level. The example below is from an ASP-Con 

http://www.strathkelvin.com/asp-con/


installed at approximately 70% of the treatment lane footprint. Here Ammonia and OUR are both 
measured to give confidence in treatment completion.  

 
Figure 7 – OUR / NH4 as discharge compliance tracking.  

Locating the compliance tracker at this point allows the control system time to respond if high 
Ammonia or high OUR is detected in the outlet. In this example, we can see that the plant is 
generally compliant at this early stage but there are significant occasions when the OUR trace is 
indicating that biodegradable load remains to be treated.  

3.2  Plant Treatment Profiling.  

Similarly, few operators truly know the full extent of where and when the load is being removed in 
the treatment process or what residual load is left at each stage. Using a portable respirometer (OUR 
measuring device) such as the AS-Bioscope (pictured), allows us to determine the OUR profile of an 
operational Activated Sludge Plant. Shown below is a real-life example of one such profile 
undertaken by Strathkelvin Instruments Ltd in the UK.  

 
Figure 8 - Bioscope load survey (UK 2013) 

The OUR profile can give a lot of information about the treatment process. In this example, we can 
see that the OUR has returned to the endogenous rate at approximately 60% of the treatment lane 
footprint, indicating spare capacity in the system. The OUR profile indicates possibilities for different 
Dissolved Oxygen, Feeding, MLSS and Blower set point strategies to give more efficient treatment 
while assuring compliance is not compromised.  

 



 

3.3  Aeration System Sizing.  

The following graph is the output from an ASP-Con system measuring the OUR, Ammonia and pH in 
the Anoxic (Inlet) Zone of a municipal treatment works. 

 
Figure 9 - Feed-forward lane profile OUR 

While the Ammonium and pH measures are continuous, the samples for OUR are taken and 
automatically analysed online every 20 minutes. The OUR measured at this point in the treatment 
process represents the maximum oxygen demand per litre of Activated Sludge. Knowing the 
treatment plant aeration lane volume allows the engineer to calculate the maximum aeration 
system oxygen demand. The graph below shows the maximum and normalised air supply 
requirement measured on an Activated Sludge plant in Scotland.  

 
Figure 10 – Predicted and Maximum Airflow calculated from Anoxic Zone OUR monitoring.  

The normalised calculation of predicted air demand is explained as follows. As the biodegradation 
process proceeds, the system oxygen demand will reduce as the biodegradable load is removed and 
the Respirograph taken for an influent sample allows the engineer to optimise the overall oxygen 
supply sizing and to profile the proportion of oxygen supplied at each zone of the aeration system. 
The actual aeration sizing process is complex, with a requirement to consider Standard Oxygen 
Transfer efficiencies, mixed liquor alpha and beta factors, basin geometries and the Aeration System 
Control Strategies. However, many engineers are completing system designs without accurately 
knowing the actual incoming load commonly leading to oversized and therefore inefficient systems, 
leading to increased Carbon Footprint of the treatment system.  

 

 



 

3.4  Activated Sludge Plant Control 

The use of self-cleaning and self-calibrating feed forward and feedback control systems are now 
within the Operators grasp. The graph below shows an example for feed-forward and feed-back OUR 
and Ammonia control strategy proposal for a treatment works.  

 
Figure 11. Plant Control Look-up table for Feed-Forward / Feed-Back Control. 

In this example if the inlet OUR and Ammonia loads are at or close to discharge compliance and this 
is confirmed at the outlet then the Aeration blowers can be run at optimum energy efficiency 
strategies. Depending on plant engineering design intermittent aeration strategies can be deployed. 
Conversely if a high load is detected at the plant inlet then Blower and Dissolved Oxygen set-points 
can be raised in advance of the load arriving in the aeration zones. In this manner, the plc can be 
programmed with load and compliance risk managed control strategies, to fully treat the incoming 
load, while optimising energy consumption, costs and greenhouse gas emissions. 

3.5 Toxicity Analysis. 

The example below shows toxicity analysis from a multi-cell laboratory respirometer. Similar 
processes can be applied to online units such as the ASP-Con. The laboratory respirometer measures 
the OUR under increasing concentrations of the influent under test. If the OUR decreases under 
standardised feed conditions then the influent is having a toxic effect. The system software  

 
Figure 12 – Test design and sample output from laboratory respirometer.  



Automatically calculates Inhibition rates and depending on the test protocol followed can distinguish 
between Carbonaceous and Nitrifying Toxicity. 

 
Figure 13 – Toxicity Report automatically generated from laboratory respirometer 

 

3.6 Critical Oxygen Point Determination.  

Measurement of this process is unique to Strathkelvin Instruments Ltd. The software can 
automatically detect the Dissolved Oxygen Levels at which BOD (Carbon) and Ammonia removal is 
maximised. This allows experimental data based decisions on plant operating set points rather than 
simply applying rules of thumb. The theoretical explanation for this technical advancement is shown 
below.  

 
Figure 14 – Explanation of critical oxygen points theory.  

Once the dissolved oxygen level goes above the critical point there is no increase in OUR 
(Biodegradation Rate) but the oxygen transfer efficiency reduces meaning expensive oxygen is being 
lost to the atmosphere. The most efficient DO operating set-point is as close as possible to the 
critical oxygen point (allowing for system dynamics and plant geometry).  

 



 
Figure 15 – Actual critical oxygen point determination (0.56mg/l) from UK WWTW.  

Similar data can be gathered for Nitrifying plants where 2 points of inflexion will appear on the graph 
– the first for Carbonaceous Bacteria and the second for Nitrifying bacteria as seen in the example 
below.  

 
Figure 16 – Critical oxygen points and % Nitrification – WWTW in Portugal. 

 

4. Conclusion 

This article has outlined some of the more straightforward applications of OUR measurement in the 
Activated Sludge Process. Several other application areas are available such as.  

• Specific Oxygen Uptake Rate – Bacterial Health.  
• Activated Sludge Nitrification Capacity. 
• Online Toxicity. 
• Online influent treatability.  

Adoption of OUR as a control strategy has applications in all Activated Sludge plants. When 
combined with Ammonia sensing it is the only real-time measurement which can give full visibility 
of all aspects of the Aerobic Treatment Process. Combining this data with online bacterial measures 
of performance such as MLSS and SVI can facilitate optimisation of the Activated Sludge Process to 
give Aeration Energy Consumption reduction in excess of 40% whilst assuring and in most cases 
improving discharge compliance performance.  

For further information please contact 

michael.dooley@strathkelvin.com 
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