
 



 

What is sewage treatment? 

Until 1970 its purpose was to reduce or eliminate nuisances and sewage treatment 

technologies, developed more then a century ago, represented this purpose. 

 

Of course now we know that sewage causes more then nuisance problems and are part 

of the food chain. Unfortunately sewage treatment is still shrouded by in some kind of 

mystery and many unrelated 'treatment' processes are often mixed up, making it even 

more confusing, which often opens the door to exaggerated black box solutions. 

 

The basic principle of water and sewage treatment is the separation of unwanted solids 

from the water carrying these solids.  What type of separation method is used is a 

function of the physical conditions of these solids. If they are big they can be filtered 

out, of course based on the filter used. If they are heavy and settle out by gravity, they 

can be separated using settling or such action can be enhanced by using coagulating 

chemicals, as very common in treating drinking water and some industrial wastewater 

treatment applications. 

 

Depending  the goal of treatment, which solids have to be removed, this is often 

sufficient (as is the case in drinking water), but in case solids that can not be filtered out 

or settled out, they first have to be adsorbed by another medium, which then can be 

separated from the water, by settling or filtration.  Any unwanted solids in drinking 

water, that can not be removed by filtration or settling, can be removed by activated 

carbon, while in sewage treatment activated sludge (biomass) is used for this 

adsorption, followed by the settling process, to achieve separation.. 

 

The adsorption/settling action depends on the biomass maintained and the actual 

removal of solids from the sewage with biomass consequently yields the removed 

solids as sludge. 

 

The efficiency of a sewage treatment plant mainly depends how efficient these solids 

are adsorbed to the activated sludge and therefore is a function of the composition of 

the biomass maintained.  The different biological sewage 'treatment' processes are thus 

a function of the composition of biomass maintained in a system.  It basically is a 

feedlot operation, except one does not want to raise the bugs, but want the bugs the 

remove waste.  

 

Carbonaceous waste basically is adsorbed and used by heterotrophic bacteria, while 

nitrogenous waste is directly used by autotrophic bacteria, both requiring oxygen for 

their survival. Heterotrophic bacteria grow fast and are very hardy, surviving in nearly 

all environments where there is food and oxygen, while autotrophic bacteria grow 

slower and do require a more suitable environment.  Both however can survive in the 

same environment and when the biological process of a sewage treatment plant is 

properly designed, both carbonaceous and nitrogenous waste can be taken care of. 

 

The tricky 'design' part here is not only the hourly fluctuating flows, but also its food 

composition.  These fluctuation can be taken care of, not only hydraulically (fluctuating 

flows) but by maintaining a biomass acclimated to such food composition fluctuation. 

 

Since odor problems were mostly related to carbonaceous waste, sewage treatment 

plant were mostly designed to maintain a heterotrophic biomass. This biomass was 

maintained either grown on stones in trickling filters or suspended in different activated 

suspended sludge reactors, each claiming their special advantages.  



 

For a period it was assumed that heterotrophic and autotrophic bacteria required 

separated environments (reactors), which resulted in actually two different 

treatment/separation processes and which of course was very expensive. Hence 

probably the fact that EPA did not want to address nitrogenous waste in sewage, 

although it is more likely that was caused by a lack of understanding, mainly caused by 

the lack of understanding of the BOD (Biochemical Oxygen Demand) test. 

 

One however can not stop Mother Nature and when food and oxygen is available 

autotrophic bacteria will survive in a treatment system supposedly solely designed to 

hold heterotrophic bacteria taking care of carbonaceous waste. Here the problem is that 

when ammonia is nitrified into nitrates, this, in the final clarifiers (where there is no 

supply of oxygen), facultative bacteria reduce the nitrates into nitrogen gas and when 

this small gas bubbles adhere to the biomass, the biomass will not settle, but actually 

floats. The separation process consequently does occur, as was planned and the 

biomass leaves the plant with the effluent.  And when one loses biomass the entire 

treatment process fails. 

 

Since regulations do not require proper testing, the limited test data available is 

insufficient to even determine how a sewage treatment plants perform.  It clearly is also 

impossible to analyze any problems occurring in plants.  

 

We also have seen technical papers dealing with sewage treatment side effects, like 

conditions of excess sludge or aerosols, which do not even look at what biological 

processes, are applied in such sewage treatment plants. 

 

Although probably not initially intended, Dr. Pasveer in 1946 developed the oxidation 

ditch, which basically created a controlled environment for all the biological processes, 

we as humans do not like to happen in our rivers.  The biomass in this process does not 

only contain the necessary heterotrophic and autotrophic bacteria but also higher order 

micro-organisms, such as rotifers, representing the next level in the food chain. 

 

These oxidation ditches operated by sequencing aeration/mixing and settling to 

maintain the biomass in the ditch. They were reliable and very easy to operate and also 

much less expensive to built as conventional sewage treatment plants. 

 

Still there is and was reluctance in the engineering profession to build them, mainly 

because, due to incomplete testing, nobody recognized how well these systems 

perform. 

 

If the BOD test had been properly applied, as it was developed in 1920 (the C-BOD5  

in combination with the TKN test), we not only would have known what is in sewage 

(how much carbonaceous and how much nitrogenous waste) but we also would have 

known how well sewage treatment plants worked and could have made correct cost 

benefits analyses of the different systems. IF this data would have been available in the 

seventies, nobody would have even considered building the conventional odor control 

plants and we would well have achieved the interim (swimmable and fishable rivers) 

goal of the CWA and even have come close (95 to 98% treatment to the ultimate goal: 

the elimination of all pollution, thereby only assuming 'conventional' human municipal 

waste.  

 



When we are concerned with excess sludge and how PPCP's are treated in sewage 

treatment plants, we should also look at the biological processes maintained and not 

assume that all sewage treatment is the same.  

 

Hindsight is always 20/20, but there is no reason why we can not learn from our 

mistakes in the past and correct what we knowingly have been doing wrong. The 

Western world is in a financial position to start over, but by not exposing the fact what 

this incorrect testing has done to our Western World environmental programs, we run 

the risk that the same mistakes are made in less developed countries. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



BOD TEST. 

 

By:  Peter Maier, Ph.D., P.E. 

February 17, 1993. 

 

INTRODUCTION. 

 

Early research in sewage treatment identified sewage as a food source for 

microorganisms. Biochemical oxidation processes use oxygen and are causing a 

depletion of dissolved oxygen in open waters receiving sewage.  In order to predict this 

depletion of dissolved oxygen in rivers, English researchers early this century 

developed the BOD test. BOD stands for Biochemical Oxygen Demand and the test 

measures the utilization of oxygen by microorganism ‘feeding’ on carbonaceous and 

nitrogenous compounds in sewage.  Although the food chain incorporates many 

elements, the carbon and nitrogen compounds are mainly responsible for the depletion 

of dissolved oxygen when sewage is discharged into open waters.  Although originally 

developed for the prediction of dissolved oxygen depletion to determine the oxygen sag 

in rivers, the BOD test in the fifties and later was commonly used to decide if 

wastewater was biodegradable, to evaluate the performances of a sewage treatment 

plants and to design sewage treatment facilities.  EPA in 1972 selected the BOD5 test to 

be the backbone of its nationwide NPDES regulatory program. 

 

DESCRIPTION OF THE BOD TEST. 

 

A sample to be tested is put into a test bottle with a certain amount of water saturated 

with oxygen and sometimes seeded with microorganisms and kept at a temperature of 

20 degrees Celsius. The daily dissolved oxygen level can be used to calculate the 

oxygen used for biochemical oxidation and this can be graphically displayed in the 

BOD curve.  Most organic matter is completely biodegraded in about 30 days at 20 

degrees Celsius temperature. With other words no more food left after 30 days. 

 

If applied on raw sewage, this graphical display actually represents two BOD curves. 

The C-BOD (Carbonaceous BOD) curve as the result of heterotrophic organisms using 

carbonaceous (fecal) waste and the N-BOD (Nitrogenous BOD) curve, as a result of 

nitrifiers (autotrophic microorganisms) using nitrogenous (urine and proteins) waste.  

Based on early research, it is assumed that the nitrifiers only use measurable amounts 

of oxygen after the test is six to eight days in progress.  A phenomenon explained in the 

literature with the following reasons: 

1.  Limited amount of nitrifiers in raw sewage 

2.  Nitrifiers grow slower than heterotrophic organisms. 

3.  Nitrifiers can not compete for oxygen with the heterotrophic organisms, therefor do 

not proliferate during this period. 

The 5 day reading of the test, therefore was considered to represent the C-BOD5 value 

of the total BOD test. The total BOD test (C-BOD and N-BOD) would require at least 

30 days at a temperature of 20 degrees Celsius. Since the N-BOD could be measured 

with the TKN (Total Kjeldahl Nitrogen) test, it became common to use the 5 day BOD 

test value in combination with the TKN test value, in order to save time (see figure 1). 

The total BOD value could be calculated by using the following formula:  

        Total BOD = 1.5 x BOD5 + 4.6 x TKN.



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 1:  BOD curve representing raw sewage with the generally assumed values in 

                    most literature. 

 

Although clearly intended to be used as a time saver,  the engineering profession   

started to use the BOD5 test in the early fifties by itself and its value was often equated 

with the oxygen required to stabilize all organic matter in sewage.  When the EPA 

initiated its NPDES permit program, it selected the BOD5 test for its 85% treatment 

standards.  The graph clearly shows that the 85% BOD5 treatment in reality is 85% of 

41% equals 35% BOD treatment. The lack of nitrifiers, neither the restrictive growth 

conditions exist, in case the BOD test is applied on the effluent of a sewage treatment 

facility.  The 5 day test value of the test, consequently, does not necessarily represent 

the C-BOD5 value alone, but can be the summation of C-BOD5 and N-BOD5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 2.  BOD5 curve performed on effluent of treatment facility 

 

High BOD5 test values on an effluent could cause a sewage treatment facility to be out 

of compliance with its NPDES discharge permit, while a large fraction of the BOD5 

test value represented N-BOD5, a form of water pollution, similar and more damaging 

than the C-BOD5 water pollution, but not regulated by the NPDES regulatory program. 

The BOD5 test value by itself should not be used, since the results are incomplete and 

misleading as the following examples clearly show. 
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EXAMPLES. 

Average strength raw sewage, according to literature will have the following test 

values:  

BOD5  =  200 mg/1 

TKN    =    40 mg/1, if tested, but not required for discharge permit.  

Total BOD   = 1.5 x 200 + 4.6 x 40 =  484 mg/1. 

Secondary Treatment, in accordance to NPDES permit: BOD5 < 30 mg/1, TKN  not 

controlled by NPDES permit and not tested. 

 

Treatment Results of Plant A:  

BOD5 [C-BOD5] = 25 mg/1. 

[TKN = 40 mg/1 , but not tested.] 

Effluent BOD = 1.5 x  25 + 4.6 x 40 =  222 mg/1. 

 

The treatment efficiency is only 54 %, but the plant is in compliance with its 

NPDES discharge permit. 

 

Treatment Results of Plant B:  

BOD5 = 35 mg/l  (out of compliance) 

[C-BOD5 = 20 mg/l, if properly tested] 

TKN  =  20  mg/l. 

Effluent BOD = 1.5 x 20 + 4.6 x 20 =  122 mg/l. 

 

The treatment efficiency is 75%, but the plant, prior to 1984, would be out of 

compliance with its NPDES discharge permit. NPDES regulation change in 1984 now 

allows the use of the C-BOD5 test and a simple addition of chemical in the test bottle 

brings the facility in compliance with its NPDES permit. 

Treatment Results of Plant C: (Best available biological treatment)  

BOD5 =10 mg/1  

[C-BOD5 =  6 mg/1 and TKN   = 5 mg/1] 

Effluent  BOD = 1.5 x 5 + 4.6 x 5 =  31 mg/1. 

The treatment efficiency is 94%. 

All the above given examples are assuming that incoming sewage has a BOD5 test 

value equal to the C-BOD5 test value, which assumption may be wrong in many cases. 

The test results at the Salt Lake City sewage treatment facility would yield the following 

BOD curve for its incoming sewage and clearly deviates from the assumed BOD curve 

for raw sewage commonly accepted in the literature 



 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 3.  BOD test curve, representing incoming sewage in Salt Lake City’s 

                    sewage treatment facility. C-BOD5 = 48 mg/l and TKN = 18 mg/l. 

 

 
CONCLUSION. 

 

Correct test data on raw sewage is unfortunately hardly available, since it is generally 

assumed that the BOD5 test data represents the C-BOD5 test data. This assumption is still 

maintained in the TEN STATE STANDARDS and consequently in many State standards. 

The BOD5 test data is also still used for the design of the biological treatment process in 

sewage treatment facilities. 

 

The correct testing in  Salt Lake City clearly showed that the plant was under-loaded for 

the waste (C-BOD) it was designed to handle, but that the plant in stead was receiving 

waste (N-BOD) it clearly could not handle, since nitrification did not occur in the plant. 

The nitrifying organisms, contrary to the general assumptions, are already present in the 

sewage when it arrives at the facility and did not grow in the "under-loaded" facility.  

C-BOD5 test results in Chicago and San Diego indicate that the Salt Lake City's test 

results are not unique and that similar conditions are more then likely to exist in other 

cities, especially when the sewage detention time in the collection systems is long, 

temperature elevated and a supply of oxygen available. 

To evaluate water pollution caused by wastewater and to properly design a wastewater 

treatment facility, it is essential to know if the wastewater contains carbonaceous or 

nitrogenous waste. This is only possible if the BOD test is properly applied, i.e. the         

C-BOD5 test in combination with the TKN test.  The independent use of the BOD5 test 

should not be allowed, since its value does not have any technical meaning, is misleading 

and only creates problems. 

    ___________________ 
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