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ABSTRACT 

Discharge of domestic and industrial waste water without treating into environmentcauses 

hazardous effects. Therefore treatment of waste water before discharge is necessary, Sequencing 

Batch Reactor (SBR) is a modified activated sludge process which can be successfully used to 

treat municipal and industrial waste waters. The SBR process can be applied for removal of 

nutrients, high Biological Oxygen Demand (BOD) present in the waste water of food industries, 

tannery industries and landfill leachates. The present study is intended to examine the efficiency 

of the SBR by analyzing various parameters of the influent and effluent of sewage water and 

also to increase the efficiency of the SBR by inoculating nitrifying and denitrifying bacteria into 

the SBR. The results obtained demonstrated that the effluent water (after treatment) met the 

standard specifications of World Health organization (WHO) after 24 hours of treatment in the 

SBR. The treated water could be mainly used for gardening and other domestic usage. 

Key Words : Sequencing Batch Reactor, Microbial sewage treatment, Nitrification, De-

nitrification, Biological Oxygen Demand 
 

INTRODUCTION 

Sequencing Batch Reactor (SBR) process is 

efficient in removal of pollutants from 

different types of waste water. Operational 

parameters such as aeration cycle time, 

Hydraulic Retention Time (HRT) etc. have a 

great role on the performance of sequencing 

batch reactor (SBR) method. It is necessary to 

study and determine optimum operational 

parameters in a pilot plant by using SBR 

process prior to commercial scale for treating 

wastewaters
1
. In recent years SBR has been 

employed as an efficient technology for waste 

water treatment, especially for domestic waste 

waters, because of its simple configuration (all 

necessary processes are taking place time 

sequenced in a single basin) and high 

efficiency for removal of nutrient, BOD and 

suspended solid particles
2
. The nutrient 

removal can be achieved by maintaining 

aerobic and an-aerobic sections in SBR. The 

SBR has received considerable attention since 

Irvine and Davis described its operation and 

this process were initially tested at the 

University of Notre Dame, Indiana
3
. 

The SBR is a fill and draw activated sludge 

system for waste water treatment. In SBR, 

waste water is supplied and treated in a single 

batch reactor to remove undesirable 

components and then discharged.Equalization, 

aeration, and clarification can all be achieved 

using a single batch reactor
4
. To optimize the 

performance of the single batch reactor two or 

more batch reactors must be connected and 

used in a predetermined sequence of 

operations
5
. SBR systems have been 

successfully used to treat both municipal and 

industrial waste water, they are suitable for 

waste water treatment applications 

characterized by low or intermittent flow 

conditions
6
. Fill-and-draw batch processes for 

waste water treatment similar to the SBR are 

not a recent development. Between 1914 and 

1920, several commercial scale fill and draw 

systems were used
7
. In the late 1950s and early 

1960s SBR was reviewed, with the 

improvements in aeration devices with PLC 

(Programmable Logical Control) which *Author for correspondence 
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allowed SBRs to successfully compete with 

conventional activated sludge systems
8
. 

The unit processes of the SBR and 

conventional activated sludge systems are the 

same
9
. In 1983 the report submitted by US 

environment pollution act summarized by 

stating that “the SBR is no more than an 

activated sludge system which operates in time 

rather than in space”. The differences between 

the two technologies are that the SBR performs 

equalization, Biological treatment, and 

secondary clarification in a single tank using a 

timed control sequence. In a conventional 

activated sludge system, theseunit processes 

would be performed using separate tanks
10

. 

A modified version of the SBR is the 

Intermittent Cycle Extended Aeration System 

(ICEAS)
11

. In ICEAS system, influent waste 

water flows into the reactor on a continuous 

basis, a baffle wall may be used in the ICEAS 

to buffer this continuous inflow. The design 

configurations of the ICEAS and the SBR are 

otherwise very similar
12

. 

An SBR treatment cycle consists of a timed 

sequence which typically includes the 

following steps: Filling phase, reaction phase, 

settling phase, decantation phase, and idle 

phase. When Biological nutrient removal is 

desired, the steps in the cycles are adjusted to 

provide anoxic or anaerobic periods within the 

standard cycles
13

. 

Aeration in an SBR may be provided by fine or 

coarse bubble diffusers, floating aerators/ 

mixers or jet aeration devices
14

. The SBR 

process is usually preceded by some type of 

preliminary treatment such as screening 

comminution or grit removal, because the SBR 

process operates in a series of timed steps, 

reaction and settling can occur in the same 

tank, eliminating the need for a final clarifier.
15

  

MATERIAL AND METHODS 

Sequencing Batch Reactor (SBR)is supplied by 

K-Pack systems with a capacity 1000 L/day 

designed by Lutra Holland and fabricated 

using fiber reinforced polymer by K-Pack 

Systems Pvt. Ltd, Wapi Plant, Gujarat, India. 

The SBR was installed at R V College of 

Engineering (RVCE) campus, Bangalore, India 

in a sewage water pipe line.  

The microbial strains (Nitrifying and 

denitrifying bacteria) used for the present work 

are procured from JMS Biotech Pvt. Ltd. 

Mysore, India. All the chemicals used for the 

present work are AR grade supplied from 

MERCK India Ltd. 

Efficiency of SBR is examined by carrying out 

analysis on various parameters of sewage 

water such as Biological Oxygen Demand 

(BOD), Chemical Oxygen Demand (COD), 

Total Dissolved Solids(TDS), Total Suspended 

Solids(TSS), Ammonia, Nitrate, Nitrite, 

Turbidity and pH, to compare the treated water 

with the portable water as per World Health 

Organization (WHO) guidelines. The BOD 

and COD test is conducted to analyze the 

organic loading rate in the sewage water. 

Ammonia, Nitrate and Nitrite tests are 

conducted to analyze the nitrogen 

concentration present in different forms, 

Turbidity test is conducted to analyze the 

haziness of the sewage water. TDS and TSS 

were tested by evaporating and filtering the 

samples respectively, these tests are conducted 

to analyze the decrease in the dissolved and 

suspended solids in the sewage water. pH is an 

important parameter for nitrification and 

denitrification reaction, hence,pH was tested 

using pH sensor. To increase the efficiency of 

the SBR, a mixed culture of nitrifying and 

denitrifying bacteria were inoculated into the 

SBR. In the mixed culture Nitrosomonas, 

Nitrococcus, Nitrobacter helps in the 

nitrification reaction and Thiobacillus and 

Rhizobia helps indenitrification reaction. 

Finally a comparative study between the 

treated water and the portable water is 

conducted.
16-21

 

Experimentation 

Sequencing Batch Reactor (SBR) planted in 

RVCE campus contains two reactors each of 

1000 liters capacity were connected in series, 

first reactor is used as a primary settling 

chamber and second reactor is divided into 

three chambers (Nitrification, Denitrification 

and Secondary settlement chamber).  

The SBR have one hour cycle of 

operations:Initial 3 min involves in recycling 

of active sludge into the primary settling tank 

then 2 min of aeration to the nitrification 

section, 1 min of aeration to the denitrification 

section, 50 min of aeration to the nitrification 

section and 4 min at static condition for 
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settling, which are operated sequentially. All 

these operations are controlled by electronic 

PLC based control system continuously.  

Initiallyinfluent enters the pre-settlement 

chamber and slowly to denitrification and 

nitrification chambers where the sewage water 

is aerated and finally to the secondary  

settlement chamber (Fig. 2). 

The experiments were conducted in SBR 

without adding bacterial species and with 

adding dry and wet bacterial species. 

Without adding bacterial species  

Initially the SBR was allowed to run continu- 

ously for a week and samples were collected 

daily for a week and analyzed for BOD, COD, 

TDS, TSS, nitrification and denitrification. 

With adding dry bacterial species 

Initially the SBR was allowed to run 

continuously for a week and then 2 to 3 gm 

of dry bacterial culture was added to the 

nitrifying and denitrifying chamber and  

SBR was allowed to run continuously for 

another week, the samples were collected 

(from both influent and effluent) daily for a 

week and analyzed for the same above 

mentioned parameters. 

 

Fig. 1 : Process diagram of  Sequencing Batch Reactor (SBR) 

RESULTS AND DISCUSSION 
The experiments were conducted by 

successfully running SBR without inoculating 

and with inoculating bacterial species and 

results obtained for various parameters were 

recorded and graphically presented in Fig. 2. 

BOD and COD analysis 

BOD and COD were measured in ppm (mg/l). 

From the above graph it was found that the 

decrease of BOD is 75% and 81% and COD is 

55% and 61% with respect to without and with 

adding bacterial species. The percentage of 

decrease in BOD and COD is more after 

adding the bacterial species which indicates 

that after adding the bacterial species there will 

be increase in microbial population which 

affects the organic matter present in the 

sewage water and decreases BOD and affects 

the chemical oxidants present in the influent 

water which in turn decreases COD. 

TDS and TSS 

TDS and TSS were measured in ppm (mg/l). 

From the above graph there was 57% to 60% 

decrease in TDS and 57% and 69% in TSS 

with respect to without and with adding 

bacterial species. The percentage of decrease 

in TDS was almost constant but the there was a 

good amount of decrease in TSS after adding 

the bacterial species which indicates that after 

adding the bacterial species there will be 

increase in microbial population which affects 

the suspended solids more than the dissolved 

solids present in the sewage water and 

decreases TSS more than TDS. 

Nitrate test 

Nitrate was measured in ppm (mg/l).From the 

above graph there was decrease of nitrate from 

63% to 74% with respect to without and with 

adding bacterial species. This indicates that 

after adding the bacterial species increase in 

denitrifying agents decreases the nitrate to 

good percentage after inoculation. 

Ammonia-N test 

Ammonia was measured in ppm (mg/l).From 

the above graph there was decrease of nitrate 

from 43% to 57% with respect to without and 

with adding bacterial species. This indicates 

that the nitrifying bacteria present in the 
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sewage water are provided with optimum 

condition for the oxidation of Ammonia. 

Testing of pH 

After analyzing the influent and effluent 

wastewater, it was observed that an average 

pH of 6.9 is maintained. The pH
 

value is 

brought down to the normal range. In both the 

cases (before and after addition of media ) the 

samples were collected and analyzed for the 

various parameters and compared, as a result 

the efficiency of STP increased (10%)  with 

respect to Ammonia, Nitrate and Total 

Suspended    Solids   but    there   was only 5%  

increase in BOD and COD values before and 
after inoculation.  
The results presented clearly indicates that 
addition of microbial strains to the SBR is 
necessary only to increase the efficiency of 
STP with respect to ammonia, nitrate and Total 
suspended solids.  
The results obtained before adding bacterial 
species is compared with the standard portable 
water values set by World Health Organization 
which is presented in Table 1. All the 
parameters are found to be in the acceptable 
range, therefore the water treated using SBR 
can be used for the gardening.  

 

 

Fig. 2 : Results of various parameters without and with inoculating bacterial species in 

percentage 

Table 1 : Comparative results with standard portable water 

Parameters 
BOD 

mg/l 

COD, 

mg/l 

Ammonia-

N, mg/l 

Nitrate-

N, mg/l 

TDS  

mg/l 

TSS  

mg/l 
pH 

Desired limit 5-10 50 50 45 500 100 6.5-8.5 

Permissible 

limit 
50 250 - 100 200 - - 

Water 

Treated  

before 

inoculation 

17 132 49 66 189 68 6.9 

CONCLUSION 

The sewage water treated in the Sequencing 

Batch Reactor met the standard specification 

set by World Health Organization (WHO) and 

there was an overall decrease in the percent of 

various parameters. It was observed that the 

microbial   culture   can be used to increase the  

efficiency of STP by 10% with respect to 

ammonia, Nitrate and total suspended solids 

but there was no change in turbidity before and 

after adding the media. It indicates that the 

microbes present in the influent are sufficient 

to decrease the organic and inorganic 

pollutants of the sewage water up to 65-
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75%.Further to increase the efficiency to 80- 

90% the addition of microorganisms is needed. 

It was observed that the efficiency of the STP 

increases only after 5 to 6 days of inoculation 

of media. The treated water can be used for the 

gardening purpose and for other domestic 

usage. 
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