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Abstract— The work aims to study performance of a various 

combination of technique for effective domestic wastewater 

treatment. Effort was made to developed treatment option to 

treat the domestic waste by using attached growth system 

and combined attached & suspended growth system. For 

attached growth system constructed wetland, modified 

multimedia filtration process are used & for CSAG system 

RDR technology is used , RDR adopts rotation pattern to 

enhance the efficiency of domestic wastewater treatment. To 

study the performance of the reactor, laboratory models 

were fabricated with GI sheet having appropriate dimension. 

The model were provided with appropriate arrangements of 

inlet, outlet. The lab scale model was operated for different 

operating conditions at different detention time. The studies 

were carried out to analyze the performance of reactor for 

removal of various parameters such as BOD, COD and TS. 

It is found out that constructed wetland gives best % BOD 

removal of 81 %, % COD removal of 77% and % TS 

removal of 86 

Key words:  Attached growth system, BOD, COD, CSAG, 

RDR, wastewater          

I. INTRODUCTION 

 Water is one of the most important elements involved in the 

creation and development of human life. Lifestyles change 

accompanied by continuous industrial and commercial 

growth in many countries around the world in the past 

decade has cause rapid increases in both the municipal and 

industrial solid production. . Improper disposal of 

wastewater has led to outbreaks of disease arising from 

wastewater in many parts of the world. These outbreaks 

increased the need for wastewater management and 

treatment, driving the demand for wastewater treatment to 

higher levels. Treatment system mainly divided into 

preliminary, primary, Secondary and tertiary treatment. The 

secondary treatment system is most efficient in contaminant 

removal, the secondary treatment or the biological treatment 

are classified into attached growth and suspended growth. 

Attached growth technologies work on the principle that 

organic matter is removed from wastewater by 

microorganisms. These microorganisms are primarily 

aerobic, meaning they must have oxygen to live. They grow 

on the filter media (materials such as gravel, sand, peat, or 

specially woven fabric or plastic, essentially recycling the 

dissolved organic material into a film that develops on the 

media. Attached growth processes can also be operated as 

aerobic or anaerobic processes. On the basis of attached 

growth system we have developed three treatment systems 

i.e modified multimedia filter, rotary drum reactor and 

constructed wetland. Their performance for various 

parameters such as % BOD, COD, TS removal are discussed 

in this paper 

II. LITERATURE REVIEW 

The study aimed at introducing multistage filtration (MSF) 

(a combination of slow-sand filtration (SSF) and pre - 

treatment system - horizontal flow roughing filter (HRF)) as 

an alternative water treatment technology to the 

conventional one. A pilot- plant study was undertaken to 

achieve this goal. Evaluating the MSF performance vs. the 

existing conventional system in removing selected physical 

and chemical drinking water quality parameters together 

with the biological water quality improvement by the MSF 

without chemical use was done. Evaluation of the 

effectiveness of the MSF system utilizing locally available 

material, i.e. gravel, improved agricultural waste (charcoal 

maize cobs) and broken burnt bricks as pre - treatment filter 

material was also done The benchmark was the Kenya 

Bureau of Standards values for the selected parameters. 

Results showed that with proper design specifications, MSF 

systems perform better than conventional systems under 

similar conditions of raw water quality and environmental 

conditions. The tested locally available materials can also be 

effectively used as pretreatment media with each allowing a 

filter run greater than 82 d and therefore could serve as 

alternatives where natural gravel is not readily available. 

With special reference to the bacteriological quality 

improvement, the MSF greatly improved the bacteriological 

quality of the water recording removal efficiencies of over 

99% and 98% respectively for E. coli and total coliforms. 

Despite the observed performance, MSF should be 

complemented with chlorination as a final buffer against 

water-borne diseases. However, in this case, the dosing will 

be greatly reduced when compared to the conventional 

system (1). 

A laboratory model was constructed to treat the 

waste from a small-scale starch industry in Colombia. A 

laboratory anaerobic horizontal flow filter packed with 

bamboo pieces was evaluated for the treatment of cassava 

starch extraction wastewater. The experimental reactor was 

a rectangular fiberglass tank packed with bamboo pieces as 

fixed bed. The overall dimensions (L x W x H) of the 

reactor were 54 x 12 x 20 cm. the working volume was 9.46 

L. The wastewater used in the experimentation was the 

draining water of the starch sedimentation basin. The reactor 

was operated for six months. It was inoculated with a semi-

granular sludge from an anaerobic UASB reactor of a 

slaughter house. Maximum organic loading rate (OLR) 

applied was 11.8 g COD/L d without dilution of wastewater. 

The reactor was operated in the south of Colombia at a room 

temperature of 30  and 19  for daily and nightly 

temperature. At steady state and maximum OLR applied, 

87% of COD content was removed and a gas productivity of 

3.7 L/L d was achieved. The Total Suspended Solids (TSS) 

removed was 67%. The results obtained indicated that the 

anaerobic horizontal flow filter could be used efficiently for 
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the treatment of wastewater form Colombian starch 

processing small scale agro industry (2). 

Authors investigate that, the Rotating biological 

contactors (RBCs) constitute a very unique and superior 

alternative for biodegradable matter and nitrogen removal 

on account of their feasibility, simplicity of design and 

operation, short start-up, low land area requirement, low 

energy consumption, low operating and maintenance cost 

and treatment efficiency. The present review of RBCs focus 

on parameters that affect performance like rotational speed, 

organic and hydraulic loading rates, retention time, bio-film 

sup- port media, staging, temperature, influent wastewater 

characteristics, bio-film characteristics, dissolved oxy- gen 

levels, effluent and solids recirculation, step- feeding and 

medium submergence. He also said that the rotational speed 

of the RBC media is a very important parameter that affects 

nutrient and oxygen mass transfer in the bio-film and 

consequently substrate removal (3). 

The present study aimed that, emphases the 

significance of this control or design parameter, because it 

allows for the direct comparison of the RBC system„s 

performance when operated under various circumstances 

and with different kinds of wastewater. The results of the 

paper prove that the COD removal in rotating biological 

contactor systems is a function of the organic loading rate. 

However, both the wastewater concentration and flow rate 

also influence the system‟s efficiency, but their impact can 

be combined by the effects of organic loading. Most of the 

removal of the COD (40-85 % of the total removal, 

depending on the organic loading applied) occurs in the first 

stages of the system. There is a strong correlation between 

the organic loading and the concentration of suspended 

solids in the rotating biological contactor basin. At higher 

loadings higher concentrations are noted. At a loading of 

about (24 g/m.d), the suspended solids were 225, 125, 35, 

and 25 mg/L in the first, second, third and fourth stages 

respectively. To achieve an effluent quality of (BOD < 25 

mg/L, COD < 60 mg/L), the system must be operated at 

organic loadings of about (22 g BOD/m
2
.d and 65 g 

COD/m
2
.d) respectively. For the nitrification process, the 

system must be designed to operate at an organic loading of 

about (10 g/m
2
.d) or less, and the reactor or basin volume 

should be designed to achieve a hydraulic loading of about 

(40 L/m
2
.d) or less (4). 

A pilot-scale constructed wetlands system 

containing a free surface flow wetland followed by a 

subsurface flow wetland was set up to treat the polluted river 

water. The Erh-Ren River is located in southern Taiwan and 

is one of the most polluted rivers in Taiwan. The system was 

designed to include solids removal. A removal efficiency of 

suspended solids (SS) in the ERRCW system that was 

greater than in a control system indicates that the existence 

of macrophytes in wetlands could enhance solids removal. 

The results of this study also showed that SS were removed 

mainly through the SSF in the ERRCW system. The poor 

removal of SS or even an increase in SS that occurred in the 

FSF was found to be caused by the growth of algae. 

Although the macrophytes reduced the penetration of 

sunlight into the water in the FSF portion of the ERRCW 

system, the residue of nutrients in water and a low flushing 

rate still induced the growth of algae on some open water 

surfaces. From this study, it may be concluded that the roles 

played by macrophytes in solids removal include providing 

barriers for filtration, reducing sunlight penetration, 

supplying oxygen to enhance biodegradation of organic 

solids, and absorbing nutrients to limit the growth of algae 

(5). 

 This paper described nitrification and 

denitrification in a novel tidal vertical flow wastewater pilot 

treatment wetland (U.S. and international patents pending). 

The pilot is a flood and drains, serial batch reactor system 

with process recycle. All wetland cells are covered with 

mature plants. Tertiary treatment standards (≤ 10 mg/L 

BOD5, ≤ 10 mg/L TSS, ≤ 10 mg/L TN) were achieved from 

manufactured wastewater (428 mg/L BOD, 48 mg/L TN) 

without use of aeration machinery. The average hydraulic 

residence time was approximately 24-hours. Oxygen 

transfer is a complex process in tidal vertical flow systems. 

Ammonia ions (NH4
+
) adsorb to media biofilm in the flood 

stage and then rapidly nitrify when exposed to atmospheric 

oxygen in the drain stage. Nitrate ions (NO3
-
) desorbed into 

bulk water in the next flood stage and are used as terminal 

electron acceptors in bacterial respiration. Turnover of the 

water column during tidal exchanges also promotes 

atmospheric diffusion of oxygen into bulk water. Apparent 

simultaneous nitrification and denitrification has been 

observed directly and indirectly by standard methods, in situ 

probes, and analyses of wetland cell exhaust gases. Genetic 

probes (fluorescent in situ hybridization - FISH) of biofilm 

bacteria in this study are consistent with literature results for 

municipal and industrial wastewater treatment plants except 

for an elevated percentage of planctomycetes. Results of this 

pilot study, and information available in the literature, 

indicate that tidal flow systems can provide advanced, 

biological nitrogen removal for substantially less energy 

than activated sludge systems, and occupy a substantially 

smaller treatment footprint than conventional constructed 

wetlands for wastewater treatment. A variety of analyses 

have demonstrated that a TVF marsh is a treatment system 

capable of advanced simultaneous nitrification and 

denitrification. The basic biophysical mechanisms behind 

nitrification and denitrification have been demonstrated. The 

design implications of a FISH quantitative characterization 

of the pilot bacterial community have been tentatively 

explored. The results of this study, and others in the 

literature, demonstrate that tidal flow wetland treatment 

systems substantially outperform conventional wetland 

treatment systems on smaller treatment footprints. 

Moreover, the process of tidal nitration inherent to tidal flow 

treatment systems is substantially more energy efficient than 

activated sludge systems providing advanced biological 

nitrogen removal (6). 

III. SYSTEM DEVELOPMENT 

Modified Multimedia Filter - The model was fabricated with 

GI sheet and consists of three reactors placed in series with 

the total reactor volume 60 liters. The model is based on the 

principle of attached growth system. The wastewater was 

fed into the inlet chamber having the dimension as 30 x 5 x 

5 cm. The first reactor is 25 x 30 x 40 cm in dimension and 

having the downflow movement. The second reactor is 25 x 

30 x 40 cm in dimension and having the up flow movement. 

The third reactor is 25 x 30 x 40 cm in dimension and 

having the downflow movement. The collecting chamber is 
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followed by the third reactor having the dimensions 15 x 30 

x 40 cm. The inlet level was at 35 cm from the bottom of the 

tank and the outlet level was placed at 25 cm from the 

bottom of the tank. 

 
Fig. 1: Photo Showing Modified Multimedia Filter 

Rotarty Drum reactor- The reactor was fed with 

domestic wastewater as per designed. The detention time 

was kept variable such as 18hours, 21hours, and 24hours. 

According to the detention time was started to work.  In 

these systems two reactors are introduced, one was inner 

drum and other was outer drum. First wastewater was stored 

in the inlet cum sedimentation tank. From the inlet chamber, 

wastewater entered in the inner drum. Through the inlet 

chamber, wastewater dripped down over the media i.e. 

plastic scrubber. After the treatment of wastewater over the 

media, the partially treated wastewater passed to the outer 

drum. Inner drum consist of perforation through which 

partially treated water was passed to the outer drum. 

 
Fig. 2: Photo Showing Rotary Drum Reactor 

Constructed Wetland - The laboratory scale model 

of size 1.65m x 0.5m x 0.5m having inlet and outlet 

arrangement was fabricated using thick GI sheet of 

thickness 0.5mm. It is proposed to provide the treatment of 

domestic wastewater by using the experimental lab scale 

model having four reactors. The overall capacity of the 

model was 60 L. The Inlet and outlet arrangement were 

provided at both ends. The reactor was operated as 

continuous flow reactor with varying detention time, 

different types of plants and media. The performance of 

tidal wetland reactor was observed for nearly 5 months 

under various operating conditions for pH, BOD, TS and 

COD parameters. The Experimental Setup of model in non - 

working and working condition is as shown in Figure  

 
Fig. 3: Photo Showing Constructed Wetland 

IV. PERFORMANCE ANALYSIS 

% BOD removal graph shows that constructed wetland 

gives best BOD removal efficiency of 81 % for 24 hours of 

detention time. BOD removal efficiency of multimedia filter 

is much less in comparison with other two systems. While 

BOD removal efficiency of rotary drum reactor is near about 

same as constructed wetland but there is power consumption 

in this system and hence it‟s not that economical to use. 

% COD removal graph shows that COD removal 

efficiency of various treatment systems for 24 hours of 

detention time .constructed wetland gives best COD 

removal efficiency of 77 % for 24 hours of detention time. 

COD removal efficiency of rotary drum reactor is comes out 

to be 76 %.which is very close to CW. COD removal 

efficiency of multimedia filter is much less i.e 61% . TS 

removal efficiency of various wastewater   treatment 

systems for 24 hours of detention time .constructed wetland 

and modified multimedia filter gives COD removal 

efficiency of 86 % for 24 hours of detention time while For 

rotary drum reactor COD removal efficiency is 82 %. 

 
Fig. 4: Graph Showing % BOD Removal 
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Fig. 5: Graph Showing % TS Removal 

 
Fig. 6: Graph Showing % COD Removal 

V. CONCLUSION 

By critically analyzing the performance of the various 

treatment system it can be said that constructed wetland 

gives the best removal efficiency for BOD, COD and TS . % 

BOD removal effieciency of constructed wetland is 81 % 

where as for rotary drum reactor and modified multimedia 

filter % BOD removal is 80and 69 %. . % COD removal for 

CW, RDR, MMF is 77 %,76%,61% .Constructed wetland 

gives % TS removal of 86 % for 24 hours of detention time 
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