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Activated Sludge



Secondary Treatment of Wastewater

¸ The secondary wastewater treatment system 
primarily depends upon the availability and supply of 
oxygen. 

¸ The oxygen may be generated mechanically 
(through air compressors) or biologically (through 
algal cells). 

¸ The oxygen is utilised by bacteria to decompose 
organic matter and to reduce the strength of 
wastewater. 

¸ Aerobic and anaerobic bacteria  take part in the 
decomposition of organic matter. 



Conventional Wastewater Treatment

¸ The most commonly used conventional wastewater 

treatment systems are: 

i. Activated sludge treatment

ii. Trickling filters

iii. Aerated lagoons

¸ These systems are conventionally called as 

mechanical systems but it is more appropriate to call 

them Biomechanical Systems as they are equally 

important during secondary treatment which is 

dependent on biological activity.



Activated Sludge treatment

¸ This treatment process was first designed by 

Arelen and Lockett in 1913, when they were 

working on the wastewater of Manchester 

city, England.



Activated Sludge treatment

¸ This system is mechanical in that raw 

wastewater is introduced into an aeration tank 

where oxygen is supplied by mechanical 

means. 

¸ The aeration of mixed settled wastewater 

produces microbiologically active sludge.

¸ After settlement, the effluent is removed and 

fresh wastewater is added and the process of 

aeration continues. 





Activated Sludge treatment

¸ Activated sludge process is a common method of 
aerobic wastewater treatment. 

¸ The purpose of the process is to reduce amount of 
dissolved organic matter from wastewater, using 
microorganisms growing in aeration tanks.

¸ Microorganisms convert dissolved organic matter 
into their own biomass, oxidizing carbonaceous 
matter, oxidizing nitrogenous matter and removing 
phosphates. 

¸ The formed semi-liquid material (a community of 
microorganisms grouped in flocs) is than separated 
from treated supernatant.



Secondary Clarifier

¸ The treated wastewater runs over the edges of secondary 
clarifiers. A part of the settled sludge (RAS) is being returned 
into aeration tanks, where is mixed with "fresh" primary treated 
wastewater and biooxidation process goes on.

¸ The settled sludge goes to further treatment - anaerobic 
decomposition in controlled conditions with biogas (methane) 
production.

¸ In order to enable efficient treatment processes and avoid 
problems in technology, knowledge about hydroecology, 
microbiological communities and biology of microorganisms 
that take part in wastewater treatment process is necessary.



Secondary Clarifier



Activated Sludge treatment

¸ .Oxidation and nitrification occur due to aeration of 

wastewater for several weeks and a dark brown 

flocculent sludge is produced. 

¸ This is repeated many times with flocculating sludge 

being retained. 

¸ As a result purification occurs progressively with shorter 

aeration periods and the sludge becomes more active.

¸ Finally, a type of sludge is obtained containing more 

actively growing microbial cells which can treat 

wastewater in a shorter period of time.



Activated Sludge treatment

¸ The activated sludge effluent has a BOD and suspended 

solids concentration of 15-30 mg/L which would hardly 

meet the discharge standards. 

¸ It is rarely used in developing countries because it is 

difficult to operate due to mechanical complexities

¸ Heavy metals concentration also affects the activated 

sludge performance. However, the effects of heavy 

metals vary with the concentration and type of heavy 

metals.  



How activated sludge is formed? 

¸ Feeding on organic matter dissolved in water in the 

presence of oxygen, bacteria decompose organic 

matter to carbon dioxide and water, transforming a part 

of organic matter into it's own biomass. 

¸ Microorganisms aggregate in flocs - flake-like structures 

that consist of alive and dead cells of microorganisms 

and products of their metabolism. 

¸ Such structures are easy settled, enabling us to 

separate treated effluent from sludge.  



Flocs



Not all microorganisms are "welcome" 
in wastewater treatment plants 

¸ Some of them can complicate treatment processes 

by changing properties of activated sludge.

¸ Filamentous bacteria, for example, can increase 

sludge volume index (SVI) of activated sludge. 

Protruding from the flocs, filaments slow down or 

obstruct their proper settling. As a consequence, 

sludge bulking occurs.

¸ Some branched filaments contribute creation of foam 

in aeration tanks. 





Activated Sludge treatment

¸ 90-99% removal of coliforms and faecal 

coliforms is achieved in an activated sludge 

system. 



Activated Sludge treatment

Activated Sludge Tanks





Activated Sludge System



Design of Activated Sludge System

¸ Designed based on loading (the amount of organic 

matter added relative to the microorganisms 

available)

¸ Commonly called the food-to microorganisms ratio, 

F/M

¸ F measured as BOD.  M measured as volatile 

suspended solids concentration

¸ F/M is the pounds of BOD/day per pound of MLSS in 

the aeration tank



Design of Activated Sludge System

Influent organic compounds provide the food for the 
microorganisms and is called substrate (S)

The substrate is used by the microorganisms for 
growth, to produce energy and new cell material.

The rate of new cell production as a result of the use 
of substrate may be written mathematically as:

dX/dt =  - Y dS/dt

Y is called the yield and is the mass of cells produced 
per mass of substrate used  (g SS/g BOD)



Solid Separation

The success of the activated sludge process depends on the 
efficiency of the secondary clarifier, which depends on the settling 
characteristics of the sludge (biosolids).

Some system conditions result in sludge that is very difficult to 
settle.  In this case the return activated sludge becomes thin (low 
MLSS) and the concentration of organisms in the aeration tank 
goes down.  This produces a higher F/M ratio (same food input, 
but fewer organisms) and a reduced BOD removal efficiency.

One condition that commonly causes this problem is called 

bulking sludge. Bulking sludge occurs when a type of bacteria 

called filamentous bacteria grow in large numbers in the system.  

This produces a very billowy floc structure with poor settling 

characteristics.


