Specific Oxygen Uptake Rates 

Specific Oxygen Uptake Rate (SOUR) could be the most valuable yet underused test available to wastewater operators.  The procedure will tell you how fast the bugs are eating, growing and reproducing or more scientifically, metabolizing the available substrate. Oxygen uptake rate (OUR) and Specific oxygen uptake rate (SOUR) tests are a way to quickly monitor the  food value of sewage and wastewater  or possibly the  toxicity to the living and breathing biomass within a wastewater treatment plant.  These tests which show the rate at which oxygen is used by the bacteria in the activated sludge system can indicate if the bacteria are eating the food or BOD at a normal rate or a faster or slower rate than normal or not at all. From this information some conclusions can be made regarding the characteristics of the raw wastewater or the condition of the biomass. 

Why

Operators may use the test to check the effects of raw water, which for some reason appears different. If the standard tests such as DO, pH, temperature, odor, and appearance show differences from the normal, the effect of those differences to the biomass may be indicated by a OUR or SOUR test.  Changes could be due to industrial discharges both intentional and unintentional, illegal discharges to the collection system from pumpers, industries or even terrorist. OUR and SOUR testing of raw sewage flows can enhance the standard permit required monitoring. These test can also be used to supplement other process control tests when those tests give mixed signals. 
Strategy

In order to have useful results operators need a monitoring strategy.   The OUR test will give you a numerical rate at which oxygen is taken up by the biomass as the wastewater organics or BOD is being metabolized by the bacteria and protozoa which make up the biomass.  The results are expressed as milligrams of oxygen used per liter mixed liquor per hour (mg O2/L/hr).  The SOUR test gives results in milligrams of oxygen used per hour per gram of mixed liquor volatile suspended solids (mg O2/hr/g MLVSS).  Performing the SOUR instead of the OUR test removes the variation in uptake rate due to different amounts of mixed liquor (MLSS) and differing levels of volatile material in the mixed liquor.  It is obvious that higher MLSS levels will use more oxygen per hour than slower MLSS levels and if volatile levels are higher the same holds true.  In order to have results, which reflect the changes in food and not differing MLSS levels the SOUR test is preferred.  They may also be adjusted to changes in the basin temperature, so another source of process variation is removed.  Attached is a temperature adjustment table.  This is actually the table used for biosolids testing but it works with MLSS also.  
SOUR Test Values

Chart 1 shows commonly accepted SOUR values at different biomass ages.  By conducting background tests on your aeration basin operators will generate historic data that will show what a normal SOUR level is for the facility.  Because stormwater flows affect plants so significantly, readings during rainfall events may be analyzed separately.   Segregating data during stormy weather will remove another source of test variation from the background data.  Once you have conducted several SOUR tests at normal flows you will begin to understand what is normal for the facility.  If a test value dramatically changes from normal suspect a change in the influent characteristics.  An excellent method of documenting changes in an ongoing test procedure like the SOUR test is to construct a control chart.  Control charts are designed to identify normal and abnormal variation in a process (Wheeler & Chambers).

Chart 1
· SOUR >20mgO2/hr/gm MLVSS
· Logarithmic growth, Flagellates, dispersed flock
· Settling Slow SSV5>750cc/L
· SOUR 12-20mgO2/hr/gm MLVSS
· Declining growth, Ciliates, Flocks forming
· Settling normal  SSV5=600-750 cc/L
· Sour <12mgO2/hr/gm MLVSS
· Endogenous Respiration, Rotifers and higher life
· Pin Flock
· Settling Fast, SSV5<600cc/L
This values and descriptions in Chart #1 represent “book” values and approximate conditions that an operator may see.  They are a place to start if you do not have baseline data on your plant.  It is not uncommon to see extended aeration plants with SOUR values < 5.0 mg O2/hr/gm MLVSS which are producing an outstanding effluent. 
Test Method

Standard Method 2710; Oxygen-Consumption Rate, details the test procedure.  In order to have results that reflect true aeration basin conditions analyze samples without delay.  If dissolved oxygen levels in the sample are low (S.M. states <2.0mg/L) manually aerate the sample.   DO values in the sample at the end of the test should be above 1.0 mg/L, a number which is also used in BOD test rules.  An excellent SOUR worksheet is included in the Water Environment Federation’s Probe Series book, Basic Activated Sludge Process Control.  On this sheet SOUR is referred to as Respiration Rate (RR).   The worksheet is set up for two ten minute tests, SM specifies 15 minute a test.  The ten minute test seems to be more of an industry standard with activated sludge with results reported in grams of MLVSS, but for biosolids testing for 503 compliance always conduct the test for 15 minutes and report in units of grams of Total Solids.

Temperature Adjustment


SOUR is determined at the digester’s ambient temperature and then adjusted as follows.



SOUR@20°C = SOUR @ Ambient Temp. * A (20-Ambient temp.)


Where A = 1.05 above 20°




   = 1.07 below 20°




These factors are good between 10° C and 30° C


Simplified



SOUR @20° C = SOUR @ Ambient Temp. * Correction




Correction = A (20-Ambient Temp)
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