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1. Overview of Biological Wastewater 

Treatment

• The overall objectives of the biological treatment of 
domestic wastewater are to: 

• (1) oxidize dissolved and particulate biodegradable 
constituents into acceptable end products, 

• (2) capture and incorporate suspended and 
nonsettleable colloidal solids into a biological floc or 
biofilm, 

• (3) transform or remove nutrients, such as nitrogen 
and phosphorous, and 

• (4) remove specific trace organic constituents and 
compounds.
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• Common terms used in the field of biological 
wastewater treatment and their definitions are shown 
below:

• -Aerobic (oxic) : Biological treatment processes that 
occur in the presence of oxygen

• -Anaerobic processes: Biological treatment processes 
that occur in the absence of oxygen

• -Anoxic processes: The process by which nitrate 
nitrogen is converted biologically to nitrogen gas in the 
absence of oxygen. This process is also known as 
denitrification.

• -Facultative processes: Biological treatment 
processes in which the organisms can function in the 
presence or absence of molecular oxygen.
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• -Suspended growth processes: Biological treatment 
processes in which the microorganisms responsible for 
the conversion of the organic matter or other 
constituents in the wastewater to gases and cell tissue 
are maintained in suspension within the liquid.

• -Attached growth processes: Biological treatment 
processes in which the microorganisms responsible for 
the conversion of the organic matter or other 
constituents in the wastewater to gases and cell tissue 
are attached to some inert medium, such as rocks, slag, 
or specially designed ceramic or plastic materials.

• -Lagoon processes: A generic term applied to 
treatment processes that take place in ponds or lagoons 
with various aspect ratios and depths
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• -Biological nutrient removal: The term applied 
to the removal of nitrogen and phosphorus in 
biological treatment processes.

• -Carbonaceous BOD removal: Biological 
conversion of the carbonaceous organic matter in 
wastewater to cell tissue and various gaseous end 
products.

• -Nitrification: The two-step biological process by 
which ammonia is converted first to nitrite and then 
to nitrate.

• -Deniftrification: The biological process by which 
nitrate is reduced to nitrogen and other gaseous end 
products.
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• -Stabilization: The biological process by which the 
organic matter in sludge produced from the primary 
settling and biological treatment is stabilized, usually by 
conversion to gases and cell tissue. Depending on 
whether this stabilization is carried out under aerobic or 
anaerobic conditions, the process is known as aerobic or 
anaerobic digestion.

• -Substrate: The term used to denote the organic matter 
or nutrients that are converted during biological 
treatment or that may be limiting in biological 
treatment. For example, the carbonaceous organic 
matter in wastewater is referred to as the substrate that 
is converted during biological treatment.
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Environmental Factors:

• Environmental conditions of temperature and pH have 
an important effect on the selection, survival, and growth 
of microorganisms. In general, optimal growth for a 
particular microorganism occurs within a fairly narrow 
range of temperature and pH, although most 
microorganisms can survive within much broader limits. 
Temperatures below the optimum; it has been observed 
that growth rates double with approximately every 10oC 
increase in temperature unit the optimum temperature 
is reached. According to the temperature range in which 
they function best, bacteria may be classified as 
psychrophilic, mesophilic, or thermophelic. 
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• The pH of the environment is also a key factor in the 
growth of organisms. Most bacteria cannot tolerate 
pH levels above 9.5 or below 4.0. Generally, the 
optimum pH for bacterial growth lies between 6.5 
and 7.5. Different archaea are able to grow at 
thermophilic and ultrathermophilic (60 to 80oC) 
temperatures , extremely low pH, and high salinity.

8



2. Introduction to Microbial 

Metabolism
• Basic to the design of a biological treatment process, or to the 

selection of the type of biological process to be used, is an 
understanding of the biological activities of microorganisms. 

Carbon and Energy sources for Microbial Growth:
• To continue to reproduce and function properly, an organism 

must have sources of energy, carbon for synthesis of new 
cellular material, and inorganic elements (nutrients) such as 
nitrogen, phosphorus, and sulfur. Organic nutrients may also 
be required for cell synthesis. 

Carbon sources: 
• Microorganisms obtain their carbon cell growth from either 

organic matter or carbon dioxide. Organisms that use organic 
carbon for the formation of new biomass are called 
heterotrophs, while organisms that derive cell carbon from 
carbon dioxide are called autotrophs.
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Energy sources:
• The energy needed for cell synthesis may be supplied by light 

or by a chemical oxidation reaction. Bacteria can oxidize 
organic or inorganic compounds to gain energy. Those 
organisms that are able to use light as an energy source are 
called phototrophs. Phototrophic organisms may be either 
heterotrophic (certain sulfur-reducing bacteria) or 
autotrophic (algae and photosynthetic bacteria). Organisms 
that derive their energy from chemical reactions are known as 
chemotrophs. Chemotrophs may be wither heterotrophic ( 
protozoa, fungi, and most bacteria) or autotrophioc ( 
nitrifying bacteria). Chemoautotrophs obtain energy from the 
oxidation of reduced inorganic compounds, such as ammonia 
, nitrate, ferrous iron, and sulfide. chemoheterotrophic usually 
derive their energy from the oxidation of organic compounds.
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• The energy-producing chemical reactions by 
chemotrophs are oxidation-reduction reactions that 
involve the transfer of electrons from an electron donor 
to an electron acceptor. The electron donor is oxidized 
and the electron acceptor is reduced. The electron 
donors and acceptors can be either organic or inorganic 
compounds, depending on the microorganisms, The 
electron acceptor may be available within the cell during 
metabolism (endogenous) or it may be obtained from 
outside the cell (i.e., dissolved oxygen) (exogenous).

• Nutrients, rather than carbon or energy sources, may at 
times be the limiting material for microbial cell synthesis 
and growth. The principal inorganic nutrients of 
importance microorganisms are N,S, P,K, Mg, Ca, Fe, 
Na, and cl.
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3. Microbial Growth Kinetics:

• The performance of biological processes used for 
wastewater treatment depends on the dynamics of 
substrate utilization and microbial growth. 

Microbial growth kinetics terminology:
• The Kinetics of microbial growth govern the oxidation 

(utilization) of substrate and the production of biomass, 
which contributes to the total suspended solids 
concentration in a biological reactor. The concentration 
of organic compounds is defined, most commonly, by the 
biodegradable COD ( bCOD) or UBOD, both of which are 
comprised of soluble (dissolved), colloidal, and 
particulate biodegradable components. Both bCOD and 
UBOD represent measurable quantities that apply to all 
the compounds.
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• The biomass solids in a bioreactor are commonly 
measured as total suspended solids (TSS) and volatile 
suspended solids (VSS). The mixture of solids resulting 
from combining recycled sludge with influent 
wastewater in the bioreator is termed mixed liquor 
suspended solids (MLSS) and mixed liquor volatile 
suspended solids (MLVSS). The solids are comprised of 
biomass, nonbiodegradable volatile suspended solids 
(nbVSS), and inert inorganic total suspended solids 
(iTSS). The nbVSS is derived from the influent 
wastewater and is also produced as cell debris from 
endogenous respiration. The iTSS originates in the 
influent wastewater.

13



Rate of utilization of soluble substrates:
• It was noted that one of the principal concerns in 

wastewater treatment is the removal of substrate. The 
goal in biological wastewater treatment is, in most cases, 
to deplete the electron donor ( i.e., organic compounds 
in aerobic oxidation). For heterotrophic bacteria the 
electron donors are the organic substances being 
degraded. For autotrophic nitrifying bacteria it is 
ammonia or nitrate or other reduced inorganic 
compounds. The substrate utilization rate in biological 
systems can be modeled with the following expression 
for soluble substrates (Monod equation) :

• rsu = - kXS / (Ks +S)
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where:
• rsu = rate of substrate concentration change due to 

utilization, g/m3.d
• k = maximum specific substrate utilization rate, g 

substrate/g microorganisms.d
• X = biomass (microorganism) concentration, g/m3

• S = growth-limiting substrate concentration in solution, 
g/m3

• Ks = half - velocity constant, substrate concentration at 
one-half the maximum specific substrate utilization rate, 
g/m3
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• As shown in the previous figure, the maximum 
substrate utilization rate occurs at high substrate 
concentrations. Further, as the substrate 
concentration decreases below some critical value, 
the value - rsu also decreases almost linearly. In 
practice, biological treatment systems are designed 
to produce an effluent with extremely low substrate 
values. When the substrate is being used at its 
maximum rate, the bacteria are also growing at their 
maximum rate. The maximum specific growth rate 
of the bacteria is thus related to the maximum 
specific substrate utilization rate as follows:

• µm = kY
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Where
• µm = maximum specific bacterial growth rate, g new 

cells/g cells.d
• k = maximum specific substrate utilization, g/g.d
• Y = true yield coefficient, g/g 
• Using the definition for the maximum specific substrate 

utilization given by the previous equation

• rsu = - µmXS / Y(Ks+S)

• Note: Bacteria cannot consume the particulate substrate 
directly and employ extracellular enzymes to hydrolyze 
the particulate organics to soluble substrates.
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• Rate of Biomass growth with soluble substrates:

The biomass growth is proportional to the substrate 
utilization rate by the synthesis yield coefficient, and 
biomass decay is proportional to the biomass 
present. Thus, the following relationship between 
the rate of growth and the rate of substrate 
utilization is applicable in both batch and 
continuous culture systems.

• rg = - Yrsu - kdX

= Y [(kXS)/(Ks + S)] - kdX

19



where
• rg = net biomass production rate, g VSS/m3.d
• Y = synthesis yield coefficient, g VSS/ g bsCOD
• kd = endogenous decay coefficient, g VSS/g VSS.d

• The specific growth rate can be defines as:
• µ = rg/X = Y[ kS/(Ks+S)] - kd

• where µ = specific biomass growth rate, g VSS/ g VSS.d
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• The endogenous decay coefficient accounts for the 
loss in cell mass due to oxidation of internal storage 
products for energy for cell maintenance, cell death, 
and predation by organisms higher in the food 
chain. It should be noted that microorganisms in all 
growth phases require energy for cell maintenance; 
however, it appears that the decay coefficient most 
probably changes with cell age. Usually, these 
factors are lumped together, and it is assumed that 
the decrease in cell mass caused by them is 
proportional to the concentration of organisms 
present. The decreases in mass is often identified in 
the literature as the endogenous decay.
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• In biological treatment processes, both the 
substrate utilization and biomass growth rates 
are controlled by some limiting substrate. The 
growth limiting substrate can be any of the 
essential requirements for cell growth( i.e., 
electron donor, electron acceptor, or nutrients), 
but often it is the electron donor that is limiting, 
as other requirements are usually available in 
excess. Thus, when the term substrate is used to 
describe growth kinetics, it generally refers to 
the electron donor.
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• Kinetic coefficients for substrate utilization and biomass 
growth:

• The coefficient values  (k, Ks, Y, and kd) used to predict 
the rate of substrate utilization and biomass growth can 
vary as a function of wastewater source, microbial 
population, and temperature. Kinetic coefficient values 
are determined from bench-scale testing or full-scale 
plant test results. For municipal and industrial 
wastewater the coefficient values represent the net effect 
of microbial kinetics on the simultaneous degradation of 
a variety of different wastewater constituents. Typical 
kinetic coefficient values are shown in the next table for 
the aerobic oxidation BOD in domestic wastewater.
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• Effect of Temperature:
• The temperature dependence of the biological reaction-rate 

constants is very important in assessing the overall efficiency of a 
biological treatment process. Temperature not only influences the 
metabolic activities of microbial population but also has a profound 
effect on such factors as gas-transfer rates and the settling 
characteristics of the biological solids. The effect of temperature on 
the reaction rate of a biological process is expressed using the 
following equation:

kT = k20 θ
(T-20)

where kT = reaction-rate coefficient at temperature T, oC
k20 = reaction-rate coefficient at 20oC
θ = temperature-activity coefficient
T = temperature, oC

Values for θ in biological systems can vary from 1.02 to 1.25.
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Thank you
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