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Abstract – A recent investigation showed that the present

techniques and segregated processes. The major advantage
of combining the processes is a higher rate of
biodegradation. The main aim of the present study is to
evaluate the effectiveness of reducing the organic pollutant
in the domestic sewage water through Bio-baffle-FICCOCAACO Reactor system sequentially.

wastewater treatment facilities available in our country are
capable of treating only less than 30% of the sewage water
generated. Moreover, the treatment facilities are not capable
of removing the pathogenic organisms in an efficient manner.
In the present investigation, an attempt was made to treat the
domestic sewage in Bio-baffle and Immobilized Carbon
Catalytic Oxidation Reactors sequentially. The Immobilized
Cell Reactors involved are Fluidized Immobilized Carbon
Catalytic Oxidation (FICCO), Chemo-Autotrophic Activated
Carbon Catalytic Oxidation (CAACO) Reactor. The rice husk
carbon is used as a catalyst in both FICCO and CAACO
Reactors. The main objective of the present study is to assess
the reduction efficiency of organic pollutants in domestic
sewage using Bio-baffle-FICCO-CAACO Reactor system. The
hydraulic retention time of Bio-baffle, FICCO and CAACO
Reactors were 3 hours, 6 hours and 1 hour respectively. The
COD, BOD removal efficiencies were 93.33% and 85.06%
respectively. There is also a 99.9% removal of pathogenic
bacteria accompanied with the consistent removal of organics.

In this study, the Bio-baffle reactor used is a Sequential
Oxic cum Anoxic Reactor in which the plastic medium is used
as a carrier for the growth of microorganisms enhancing the
degradation of organic matter. In the Immobilized reactors,
the catalyst is rice husk activated carbon, which adsorbs the
contaminants. A dynamic condition develops as the
wastewater passes through a confined bed of rice husk
carbon creating a mass transfer zone (Sekaran et al., 2013).
The principle goal of the present investigation is to
demonstrate the performance of Bio-baffle-FICCO-CAACO
reactor system for the effective removal of dissolved
organics expressed as Biological Oxygen Demand (BOD),
Chemical Oxygen Demand (COD) in the domestic sewage
water.

Key Words: Domestic sewage, Catalytic Oxidation,
Immobilized Reactors, Organic Pollutants, Pathogens,
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2. MATERIALS AND METHODS
2.1 Sewage Water Collection

1. INTRODUCTION

The sewage water was collected from sewage treatment
plant at Central Leather Research Institute. The collected
samples were analyzed for physicochemical parameters such
as pH, BOD, COD, TDS, Sulphides, Sulphates, Chlorides, and
Ammonia (NH3-N) as per standard protocol.

Due to the rapid growth of population and urbanization,
there is an increase in discharge and improper management
of domestic sewage water which affects the environment to a
greater extent. For a proper understanding of the reactions
and interactions with organic and inorganic compounds in
wastewater, the chemical composition of wastewater should
be analyzed (Roila et al). The presence of countless
pathogenic microorganisms in the untreated domestic
sewage water threatens the public health. Hence proper
treatment should be identified satisfying environmental,
economic, political and social concerns (Metcalf and eddy).

2.2 Preparation of Rice Husk Activated Carbon
The rice husk was washed with water for a number of
times in order to remove the impurities and oven dried for 6
hours at 110oC. The rice husk passed through the 600µm
sieve is taken for carbon preparation. Porous carbons were
prepared in two sequential steps: pre-carbonization and
chemical activation. In pre-carbonization process, the rice
husk is heated to 400oC for 4 hours at a rate of 10oC/min and
cooled to room temperature and the resulting carbon is
called as Pre Carbonized Carbon (PCC). In chemical
activation, the carbon is activated by mixing the carbon with

In conventional technologies, the removal of pathogenic
organisms from the domestic sewage water is not significant
(Sekaran et al., 2006). Hence the blending conventional
techniques with advanced oxidation techniques increases
the performance efficiency compared to the conventional
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3. RESULTS AND DISCUSSION

85% H3PO4 and heating to 900oC in N atmosphere at a rate of
5oC/min and kept for 1hour in 900oC before cooling. The
carbon obtained is washed in water for a number of times to
maintain neutral pH and to remove excess phosphorous
compounds then oven dried to obtain the rice husk activated
carbon. (John Kennedy et al., 2007)

3.1 Characteristics of Domestic Sewage
The physicochemical characteristics of sewage were
analyzed freshly soon after collection. The quality of sewage
in the initial condition and after treatment in various
reactors is summarized in Table 1. In Table 2 the Total
Viable Counts of Bacteria (TVCB) and Total Viable Counts of
Coliforms (TVCC) were summarized.

2.3 Design of the reactors
The Reactors were made of an acrylic sheet. The Biobaffle reactor is of height 25 cm and width 16.5 cm divided
into 3 compartments with a working volume of 3.8 L. Also
each compartment is divided into the oxic and anoxic zone.
The FICCO reactor is of height 45.5cm and width 15.5 cm
with an upper hopper and a provision for aeration. The
volume of the reactor was 10.5L with working volume of 6.8
L the reactor was then filled with 30g/L of rice husk carbon
and the air is distributed through the provision to facilitate
oxygen transfer for oxidation. The CAACO Reactor is a
packed bed reactor with a height of 18.5 cm, the diameter of
11 cm and a working volume of 1 L. The CAACO reactor is
packed by rice husk carbon immobilized with Bacillus sp.
and aeration is provided from the bottom. The raw water,
Bio-baffle, FICCO and CAACO treated waters were analyzed
for characteristics which include pH, sulfates, chloride, COD,
BOD, TDS, Ammonia (NH3-N) levels.

3.2 Characteristics of Rice husk Activated carbon
The characteristics of rice husk activated carbon are
studied before and after the activation and are presented in
Table 3.
Table -1: Physico-chemical characteristics of raw domestic
sewage and treated wastewater from various reactors.
Parameters

Initial

Bio baffle

FICCO

CAACO

7.83 ± 0.35

7.19 ±0.23

6.55 ± 0.22

6.84 ± 0.19

-162.2 ± 42.03

-84.2 ± 3.30

-64.1 ± 2.8

13.5 ± 9.33

TDS

820 ± 77.65

690 ± 50.33

520 ± 38.87

320 ± 46.9

COD

240 ± 63.07

128 ± 16.87

64 ± 19.96

16 ± 8.26

BOD

71.43 ± 30.47

38.33 ± 6.76

23.34 ± 2.75

10.67 ± 1.65

Ammonia

26.88 ± 4.3

20.16 ± 3

13.44 ± 2.26

1.68 ± 0.44

TKN

30.24 ± 5.58

26.88 ± 1.76

15.12 ± 3.45

10.08 ± 1.76

TOC

142.8 ± 21.20

87.13 ± 7.91

25.27 ± 3.9

15.33 ± 3.72

TN

30.72 ± 2.68

29.26 ± 1.04

25.23 ± 1.64

24.85 ± 1.74

118.81 ± 15.10

95.01 ± 2.91

85.09 ± 4.74

51.88 ± 3.83

2.13 ± 1.31

2.01 ± 0.11

0.7 ± 0.08

0.34 ± 0.13

238.22 ± 20.60

223.34 ± 9.17

168.74 ± 15.33

94.30 ± 7.82

(mg/L)

pH

ORP (mV)

Fig -1: Schematic of Bio-baffle-FICCO-CAACO Reactor system

2.4 Catalytic Oxidation of Organics
The sewage water is primarily treated using Bio-Baffle
reactor with a retention time of 3 hrs in which the
suspended solids are removed. The effluent from Bio-Baffle
Reactor is fed into the FICCO reactor with a retention time of
6hrs in which the removal of organics by oxidation takes
place. For increased efficiency in removal of organics the
effluent from FICCO reactor is further treated by CAACO
reactor with a retention time of 1 hr and the final treated
water is obtained.
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respectively. The BOD/COD ratio of the raw domestic
wastewater is 0.30 which indicates the presence of dissolved
inorganics is wastewater making the wastewater poorly
biodegradable. The removal efficiency of sulphates in the
system was 56.33% and the reason for the decrease in
sulphate content of wastewater may be due to its
participation in oxidation of organics in wastewater. Despite
the removal of organics in wastewater the removal of
inorganic compounds like iron and chlorides took place to
some extent may be due to adsorption of contaminants by the
rice husk activated cabon. The complete mineralisation of
dissolved organics in wastewater during passage through
CAACO reactor is due to the generation of OH- radicals
accompanied by oxidation. The chemo autotrophs (Bacillus
sp.) used in this study were immobilized in the meso pores of
activated carbon which constitutes about 69% of the total
pore systems in activated carbon prepared at activation
temperature of 900oC.

Table -2: Biophysical characteristics of raw domestic
sewage and treated wastewater from various reactors
Parameters(mg/L)

Initial

Bio baffle

FICCO

CAACO

TVCB(CFU/mL)

1 x 108

45 x 106

18 x 103

6 x103

TVCC(CFU/mL)

4 x 108

2 x 103

12 x 102

6 x102

Table -3: Characteristics of Rice husk activated carbon
PARAMETERS

PCC

RHAC

Specific gravity

2.07

2.04

Bulk Density (g/mL)

0.121

0.405

5.7

6.66

BET Surface Area(m2/g)

289.1

438.9

Pore Volume(cc/g)

0.0053

0.034

Size of Activated carbon(µm)

424.3

424.3

Pore Length (Å)

39.36

35.28

Ash content (%)

16.25

42.61

pH

4. SUMMARY AND CONCLUSIONS
The rice husk based carbon was used as catalyst for the
oxidation of organics in wastewater discharged from
domestic origin. The rice husk based was efficient enough to
reduce COD, BOD by 93.33% and 85.06 % respectively. The
consistent removal of pollution parameters was
accompanied with the removal of pathogenic and antibiotic
resistant bacteria. The present investigation consists of
immobilization of anaerobic and aerobic bacteria in rice bran
based activated carbon and air was supplied for the
oxidation of organics in wastewater, thus the system was
named chemo-autotrophic activated carbon oxidation
(CAACO). The immobilized bacterial species and activated
carbon were quite successful in removing the organics in
wastewater at low detention period of 1 h. The sludge
production is only 60% of the conventional sewage
treatment plant. The investment cost towards Sewage
treatment plant by employing rice husk based carbon would
be drastically reduced and thereby the operational cost
towards electrical energy consumption will also be very
much reduced.

There is an increase in pore volume from 0.0053 cc/g to
0.034 cc/g after the activation which indicates the efficiency
of formation of pores. The increase in BET surface area
indicates the increased efficacy of adsorption of
contaminants by the catalyst due to asorption. The increase
in ash content may be due to the presence of phosphorous
compounds used during the activation of rice husk carbon.
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