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Application Note 
How to Interpret Microbiological Stress 
 

Introduction 

The Biomass Stress Index provides the opportunity to quantify and track the health of the active biomass population 

in waste treatment reactors, influents, effluents, and digesters.  BSI is a calculated parameter that is determined by 

taking the ratio of extracellular ATP (which has been released from dead or dying cell) to the total ATP in a sample. 

This measurement can serve as an invaluable compliment to existing health-based monitoring tools such as Oxygen 

Uptake Rate (OUR).  

In general, if a system is thrown from its equilibrium, the BSI will change as the biomass population shifts and adapts. 

Some cells die off because the environment is no longer favorable to them, while others grow and replace them in 

the now more favorable environment.  In any process, there is an optimum level of stress that should be strived to 

be maintained each day.  Severe changes or swings are a sign of instability.    

Also, the absolute BSI is an indication of the stability or ‘comfort’ of the biomass.  An activated sludge system may 

have a low amount of stress yet extremely low dissolved oxygen concentrations, which has been the case for a 

long time.  A low BSI is possible because the population has adapted to the situation, even though the population 

that is present is not the optimal type. In this case, facultative anaerobic microorganisms are favored because of 

low dissolved oxygen, yet the process is designed to favor aerobic microorganisms.  Because of the way the 

process is operated, however, a completely different population has become established.  

 

Characterization of Stress  

The question most commonly asked is: “how do I interpret changes in stress levels?”  If you lump everything into the 

broad category of stress, you can have the following circumstances:  

 

Fatal Stress 

These are situations where a significantly toxic substance is introduced to the biomass and causes an immediate 

response. Examples include severe pH swings or large quantities of toxic chemicals to which the biomass are 

unadapted. The action of these substances is generally one of causing cellular damage leading to a 

transformation of intra-cellular ATP (cATP) into extra-cellular or “Dissolved” ATP (dATP). That is, cATP drops and dATP 

rises. In a perfect world, Total ATP (tATP) would remain unchanged as this transition occurs. The complicating factor 

is that the toxicity causing stress on the cells can also attack their internal components, including ATP. The end result 

is that as soon as cATP becomes dATP, it is attacked or used and decomposed into Adenosine Diphosphate (ADP) 

or Monophosphate (AMP).  

Net Results:  

1. Dramatic reduction in tATP  

2. Drop in or no change in dATP 

3. Dramatic reduction in cATP 

4. Dramatic rise in BSI 



APPLICATION NOTE | HOW TO INTERPRET MICROBIOLOGICAL STRESS | FEBRUARY 2018  

  

T +1-506-459-8777 | www.luminultra.com |  sales@luminultra.com 

Severe Stress with No Decomposition of dATP 

This mechanism is similar to Fatal Stress, except that the same destruction of dATP does not occur as soon as it is 

produced. Hence, tATP remains essentially the same while cATP is converted to dATP. This can occur when just 

enough of the toxin is present to attack the cells but not the dATP, or that the dATP achieves protection from 

external substances.   

Net Results:  

1. No change in tATP  

2. Dramatic rise in dATP  

3. Dramatic reduction in cATP  

4. Dramatic rise in BSI  

From the standpoint of process control/interpretation/action, there is little difference between the previously 

discussed stress mechanisms. A rise in BSI is always undesired.   

 

Severe Stress with Decomposition of dATP 

In this case, toxicity reduces cATP content with no apparent rise in dATP. This can happen one of two ways: either 

dATP is destroyed as soon as it is formed, or the cell is locked down (‘fixed’) and cATP is decomposed internally 

from metabolic action. This ‘locking down’ or ‘glassing’ action is similar to the action of certain biocides like 

Gluteraldehyde.  

Net Results:  

1. Reduction in tATP  

2. No change or perhaps a drop in dATP  

3. Dramatic reduction in cATP  

4. Increase in BSI (Reduction in tATP > Reduction in dATP) or no change in BSI (Reduction in tATP = Reduction in 

dATP) 

 

Metabolic Stress   

Otherwise known as “inhibition”, metabolic stress occurs when un-degradable food is introduced to the biomass. 

Generally, this type of stress is more difficult to detect since the biomass has a large amount of cATP built up that 

takes a while to cycle through. In general, the interpretation is done in a similar way to “Severe Stress with dATP 

Decomposition”.  

Net Results:  

1. Moderately rapid reduction in tATP   

2. No change or perhaps a drop in dATP 

3. Moderately rapid reduction in cATP 

4. Increase in BSI (Reduction in tATP > Reduction in dATP) or no change in BSI (Reduction in tATP = Reduction in 

dATP) 

 

Chronic Stress 

Cases where the biomass population is ‘sick’ are covered in this category. Examples include a slow accumulation 

of mild toxins like heavy metals in the floc or prolonged nutrient deficiencies. Chronic toxicity can weaken the 

biomass and make it more prone to succumbing to any type of toxicity. The net result is a sub-optimal cATP and a 

high BSI. This is often the case petroleum and chemical process industry wastewater treatment processes due to 
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waste product being more difficult for the biomass to break down. This is usually coupled with extremely long SRTs 

(old sludge) that become sluggish.  

Net Results:  

1. Sub-optimal tATP  

2. Elevated dATP  

3. Sub-optimal cATP  

4. Elevated BSI  

Keys to Effective Stress Detection  

 Frequent sampling and testing – The more frequently that ATP tests are done on a biological system, the easier 

the trends will be to interpret and the lower the chance that a toxic event will be missed. If tests are not done 

on a regular basis, it can be very difficult to diagnose the root cause of toxicity problems.  

 Use cATP data in addition to BSI data to assess overall health – Since toxins often take effect quickly, a BSI spike 

could be missed if the sample is drawn well after the upset has occurred, but cATP results will indicate the 

impact of the toxicity when comparing the result to previous levels.  

 Match changes in biomass health or population size to process changes – ATP monitoring provides the 

invaluable ability to immediately indicate the effects of process changes, thereby establishing cause-and-

effect relationships with other process variables (e.g. pH, temperature) as well as effluent quality parameters 

(e.g. BOD, TSS, residual nutrients),   

 Monitor problematic streams more frequently – If one or more contributing streams to the total plant influent are 

more toxic than others, consider testing it more frequently to increase the chances that a toxic slug will be 

identified in a timely fashion.  

 Consider upstream effects – Aside from comparing ATP parameters to changes in process variables at the 

same test location, upstream changes are often the cause of downstream problems. As such, time-shifting of 

process data is often helpful to match upstream causes with downstream effects. Process hydraulics and 

sludge retention times can help determine the proper number of hours or days to use when shifting data.  

The common theme when interpreting the effects of toxicity and sub-optimal operating conditions in wastewater 

treatment is that both the cATP and BSI tell separate but important information. Hence, it is important to examine 

each of these quantities both on the bench and in routine process monitoring. 

 


