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ABSTRACT 

The aim of this study was to maximize the removal of the BOD materials in greywater 
through the optimization of the biofilter. An aerated biofilter was constructed in this 
study to determine the relationship between oxygen levels in the biofilter and the removal 
of the BOD material in the biofilter. Crushed red bricks with the size range of 2-4mm 
were used as the biofilter media. Two types of treatment designs, maximum flow rate 
aeration and half flow rate aeration, were done. The amount of oxygen supplied to the 
biofilter is different for both treatment designs. Each experiment for both treatment 
designs were run for six hours under room temperature. The experimental results show 
that both treatment designs have the same BOD removal efficiency. This indicates that 
the removal of BOD material was not dependent on the amount of oxygen supplied into 
the biofilter. Throughout the experiments, was observed that the removal of the BOD 
material was highly dependent on the influent BOD. 

Key words: biofilter, aeration, BOD removal efficiency 

ABSTRAK 

Objektifkajian ini adalah untuk memaksimumkan kadar biodegradrasi bahan BOD yang 
hadir da/am air kumbahan domestik dengan menggunakan bioturasan. Oksigen 
disalurkan ke dalam bioturasan dalam kuantiti yang berlainan untuk menentukan 
hubungan di antara kahadiran oksigen di dalam bioturasan dengan keberkesanan proses 
biodegradasi bahan BOD dalam bioturasan tersebut. Bata merah yang telah dikecUkan 
saiznya do/am julat 2-4mm digunakan sebagai media bioturasan. Dua jenis rawatan 
telah dilakukan iaitu rawatan dengan menggunakan kadar aliran oksigen yang 
maksimwn dan rawatan dengan menggunakan separuh kadar aliran oksigen. Semua 
eksperimen dijalankan selama enam jam dalam suhu bUik. Keputusan eksperimen 
menunjukkan keberkesanan proses biodegradasi bahan BOD untuk kedua-dua jenis 
rawatan adalah sama dan tidak mempunyai perbezaan yang ketara. Ini menunjukkan 
bahawa keberkesanan proses biodegradasi bahan BOD adalah tidak bergantung kepada 
kuantiti oksigen tetapi lebih bergantung kepada BOD air kumbahan domestik. 

Kata kunci: bioturasan, oksigen, keberkesanan kadar biodegradasi bahan BOD 
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CHAPTERl 

INTRODUCTION 

Nowadays, about 2.4 billion people in rural and urban areas do not have access to adequate 

sanitation services (Langergraber and Muellegger, 2004). Most of our greywater is discharged 

directly to the nearest stream or river without being treated and blackwater is treated partially in 

the septic tank before being discharged into the river (Bjerregaard, 2004). 
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Figure 1. Water quality ofrivers in Malaysia from 1996 to 2001 
(Source: Department of Environment Malaysia, 200 I) 

The bar chart in Fig. I is constructed based on the information from the Department of 

Environment Malaysia. The numbers of polluted rivers in Malaysia are 13 in 1996, 25 in 1997, 

16 in 1998, 13 in 1999, 12 in 2000 and 13 in 2001. This shows that there are no changes in the 

n ber of polluted rivers during these years but it is still a concern whether we can maintain the 
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number of polluted rivers from increasing. This explains why efficient wastewater treatment is 

important. 

The pollutants mostly come from domestic and sewage, industries and agriculture. In domestic 

area and sewage, degradable organic compounds such as fat and oil are the common pollutants 

generated. The pollutants from the industrial sectors are mainly heavy metals such as mercury, 

lead, chromium and zinc. The agricultural pollutants are mainly agrochemicals such as pesticides 

and fertili zers. 

In Malaysia, conventional centralized system is commonly used in treating wastewater. The 

decentralized system is also used but few. The conventional centralized system applied on the 

'drop and store' principles (Esrey et ai., 2001). The common example of conventional centralized 

system is the septic tank (Chughtai and Ahmed, 1991). The limitations of this wastewater 

treatment are highly cost, over-exploitation of the limited renewable water sources, pollution of 

soil and groundwater, waste of valuable components in wastewater, difficulty for an effective 

removal of pollutants (GTZ, 2003; Wilderer, 2001), energy intensive and only about 30 to 35 

percent in BOD reduction (Chughtai and Ahmed, 1991) which is not a practical system for 

developed countries. Meanwhile, the decentralized wastewater treatment uses biological filtration 

system and the main concept of this system is 'treat and reuse'. This system is environmental 

friendly and efficient as it is a low cost, low maintenance and high BOD reduction system 

(Chughtai and Ahmed, 1991). However, there are some limitations on this system. It cannot 

tolerate with some ofthe wastewater composition in a large amount and can be easily clogged. 
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1.1 STATEMENT OF PROBLEMS 

Domestic and sewage wastewater are the major threat to our surface water. In this research, our 

priority is to remove the biodegradable organic matter from domestic and sewage wastewater and 

to reduce the BOD. Ecological sanitation or ecosan is an alternative approach to avoid the 

disadvantages of conventional wastewater tre"atment systems (Werner et aI., 2004). Ecosan is 

based on ecosystem approaches (Langergraber and Muellegger, 2005) and its function is to treat 

domestic and sewage effluent to an acceptable discharge standard so that the effluent may be 

discharged to the natural environment (Dixon et al., 2003). 

Although ecosan is a sustainable wastewater treatment system (Esrey et al., 1998), the system 

also faced some problems. Wastewater treatment by biofilter and wetland may require large land 

areas nearby the sources due to large volume of wastewater generated. In the city, it is not 

economically feas ible to construct ecosan system as the land is limited. In order to solve the 

problems, we should reduce the volume of wastewater through social and cultural changes by 

doing awareness campaign and talk. Besides that, the efficiency of the biofi Iters and nutrient 

removal should be improved. 

1.2 HYPOTHESES 

The functions and efficiency of the biofilter in removing BOD materials can be enhanced by 

optimizing the a ailability of the oxygen through aeration. The oxygen is needed for the aerobic 

microorganisms' consumption. The microorganisms' activity will increase if the availability of 

oxygen is high, and this will increase the biodegradable organic matter removal rate by the 

microor anisms. 
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1.3 OBJECTIVE 

Generally, the objective of this research was to maximize the removal of BOD materials in 

wastewater througb the optimization of the biofilter. Specifically, the objective of this research 

was to determine the relationship between oxygen levels in the biofilter and the removal of the 

BOD material in the biofilter. 
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CHAPTER 2 

LITERA TURE REVIEW 

For a long time, wastewater has been regarded as a problem as it involves hygienic hazards, as 

well as containing organic matter and eutrophying substances in the form of nitrogen and 

phosphorus (Langeraber and MueUegger, 2004). Greywater is a wastewater from all domestics 

except toilet flushing (Jefferson e/ aI., 200 I). Blackwater is wastewater with a mixture of urine 

and faeces from the toilets (Langeraber and Muellegger, 2004). 

The sources of wastewater are from domestics and sewages, industries and agricultures sectors. 

Domestic and sewage wastewaters mostly contained organic and biological pollutants. Pollutant 

which is commonly generated from the industrial sectors is trace metals such as mercury, arsenic, 

cadmium, chromium, lead, zinc and copper. Surface runoffs such as sediments and leaching of 

agrochemicals such as pesticides and fertilizer are the major pollutants generated from the 

agricultural sectors. 

The main parameter which was used in this research was the BOD test. Biochemical oxygen 

demand (BOD) is defined as the amount of oxygen required by the bacteria for stabilizing 

decomposable organic matter under aerobic condition and is measured in milligrams of oxygen 

per liter waste (Chughtai and Ahmed, 1991). 

The increase in discharges of wastewaters into the rivers that are already diminishing in flow, 

because of increased withdrawals, makes it no longer possible to rely as much as in the past on 

e purifying capacity of receiving bodies of water (Chughtai and Ahmed, 1991). In order to 
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minimize the environmental impacts of discharging untreated wastewater, efficient wastewater 

treatment systems have been designed (Dixon et al., 2003). Wastewater treatment system based 
I 

on the ecological sanitation principles or ecosan (Esrey et al., 1998), which is described as 

representing the future for sanitation has been developed (Otterpohl et al., 1999; Matsui et al., 

2(01). The ecosan ystem is based on ecosystem approaches and the closure of the material flow 

cycle, besides than represents a holistic approach towards ecologically and economically sound 

sanitation and is a systematic approach as well as an attitude (Langergraber and Muellegger, 

2004). According to Werner et al. (2004b), ecosan can reduce the health risks related to sanitation 

and contaminated water, prevents the pollution of surface and groundwater, prevents the 

degradation of soil fertility, and optimizes the management of nutrients and water resources. 

The main component of the ecosan system is the biofilter. It is used to reduce the amount of 

organic matter and BOD removal of the effluents. The efficiency of the biofilter is highly 

dependent on the quantity of the oxygen. Oxygen is supplied to the aerobic bacteria, which 

attached to the media, through aeration systems. Oxygen is supplied to the biofilter for the 

microorganisms' consumption. The activity of the microorganisms is highly dependent on 

oxygen. When raw greywater is sprayed into the biofiIter, microorganisms will metabolize the 

organic matter. Aeration is provided through an air diffusion system which is located at the 

l ~mulII of the biofilter. With more oxygen supplied to the biofiIter, the rate of organic matter 

degradation by the microorganisms will be higher. 

Most researchers had done a lot of experiments on the biofilters. Moore et al. (2001) had done a 

tl"~"'l!h regarding the effects of media size on the performance of the biofilters. Meanwhile, a 
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research regarding the influence of physical and chemical factors on the transport of E. coli 

through biofilters was done by Stevik el al. (1999). Osorio and Hontoria (2002) had done a 

research to determine the performance of a submerged biofilter, composed of a double-layer bed, 

using waste materials as biofilm support. 

However researchers also faced some problems regarding the biofilters in the ecosan system. 

urther research need to be conducted to determine optimal media sizes for different condition 

due to the complex relationship between the influent characteristics and flow rate, the reactor 

height and the media size, and the performance in terms of both effluent standards and operation 

cost (Moore et al. 200 I ). 

Locally, biofilters are used in the pilot project of ecosan in Kuching (Bjerregaard, 2004). Since 

'the pilot project operated, the public has become more aware of the importance of wastewater 

treatment and water conservation, and the effect of untreated wastewater to the environment. 

In Santa Elena-Monteverde, Costa Rica, an ecosan system is constructed based on reed beds 

fwhich act as a biofilter for the grey water treatment (Dallas el ai., 2004). This three years research 

~ a success because the quality of the treated greywater from this system achieves the Costa 

fRican guidelines for wastewater reuse. 
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EXPERIMENTAL DESIGN 

. 

"~helnatllzed in Fig. 2. 

Settling 
tank 

CHAPTER 3 


MATERIALS AND METHODS 


this study, BODs was the main parameter and was used to determine the amount of organic 

lattler in the influent and effluent samples. Overall, this research was to determine the level of 

needed to optimize the efficiency of the biofilter through aeration. Aeration was done 

for 6 hours for each experiment. The diagram of the experiment set up is 

Influent 

Reservoir 

Effluent 

Biofilter column 

Blower 

Figure 2. Schematic diagram of the experimental set up 

sample of greywater was poured and left overnight in the settling tank. This was to let the 

IISIlICnClea solids settle at the bottom of the tank and the floating materials float to the surface. 
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Then the greywater was discharged to the reservoir either by pumping it or by gravity force as the 

settling tank was placed higher than the reservoir. From the reservoir, the greywater flowed to the 

biofilter through a sprinkler. The biofilter was aerated with an air pump. Air was diffused through 

tube diffuser located at the bottom of the biofilter. The treated effluent from the biofilter was 

collected and the BOD was measured. 

3.2 SPECIFIC METHOD 

The sampling was done within the university's campus in. Wastewater samples were collected 

the Kenanga hostel wastewater treatment plant. 

.Ju~ on the method reported by Farabegoli et aI., (2003), continuous-flow column experiments 

performed to evaJuate factors affecting organic matter removal in biofilters. Column was 

from inverted 0.67m acrylic plastic tube (diameter 95mm outer, 84 inner) and filled 

filter media. Crushed bricks were used as the biofilter media. The particles size which is 

_~lec:tecJ for this experiment is 2-5mm. 

~'~"'lIIlIltpr samples were analyzed at the beginning of each experiment to determine the initial pH, 

" iitial temperature and initial dissolved oxygen before it was sprayed continuously into the 

at the rate ofapproximately 240 mL min-I. The column was equipped with a tube diffuser 

the bottom which was connected to an aquarium air pump. Air was pumped in at a constant 
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main types of treatment designs were done in this experiment. The types of treatment 

lde!ngrls were maximum flow rate of aeration and half flow rate of aeration. Experiment run 

"n..v,n aeration was done for the reference. In the maximum flow rate aeration, an aquarium air 

was connected to a single biofilter column through a tube diffuser at the bottom of the 

"".v .... ' .... column. For the half flow rate aeration, an aquarium air pump was connected to two 

Iter columns by connecting each biofilter column's tube diffuser to the aquarium air pump's 

Both treatment designs used the same aquarium air pump with the power of 300 I W. Both 

.....at"'..'nt designs could be explained in the schematic diagram shown in Figure 3 and Figure 4. 

of the biofiIter columns was put upright and supported by two retort stands. Each biofilter 

" l\lnmn was filled with crushed bricks with the size of 2-4mm as the media. A muslin cloth was 

to seal the bottom of the biofilter column in order to support media from falling and to filter 

treated effluent from suspended solids. The media was filled in the column until it occupied 

of the height of the biofilter column which is O.SSm in height. Three thermometers were 

.hacecl at three points which were the lowest (0.02m), middle (0.28m) and upper (O.SSm) part of 

biofilter column in order to monitor the temperature of the biofilter column. A small column 

the diameter of 40mm and length of 200mm was constructed and placed inside the biofilter 

for DO monitoring. 

10 




Influent 

Biofilter 
column 

Air 
pump 

D 

Figure 3. Maximum flow rate aeration 

Influent 

Biofilter 
column 

Air 
pump 

Figure 4. Half flow rate aeration 
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maximum flow rate aeration, two experiments, AS I and AS2 were run. Four experiments for 

rate aeration, AD I, AD2, AD3 and AD4 had been run. For the half flow rate 

AD} was paired with AD2 and AD3 was paired with AD4. Each pairs was run at the 

time since these experiments shared the air pump in order to get half flow rate of aeration . 

'IOVI_rlrnfOlnt for AS1, ADI and AD2 were run in late December 2005 for 6 hours meanwhile 

for AS2, AD3 and AD4 were run in late March 2006 for 6 hours. 

from the infl uent and effluent of each biofilter were collected every hour to determine 

compare the removal efficiency of biochemical oxygen demand (BOD) between the two 

a m melnt designs. For this experiment, the measured parameters are BODs (mg/L) and DO 

The parameters were measured according to the standard methods (APHA, 1992). 

order to measure BODs, dilution of sample and BODs calculation is important. As most of the 

aasl,ewiatelrs' BOD concentration exceeds the available dissolved oxygen (DO) concentration in 

air-saturated sample dilution is needed before incubation. The purpose of dilution is to 

"Iaru:e the oxygen demand and supply. For preparation of dilution water, phosphate buffer, 

sulfate, calcium chloride and ferric chloride are diluted together with aerated water. 

this experiment, the dilution water was not seeded and the calculation of BODs was as below: 

(Di -Dr) 
BODs, mgL-1 = ______ 

P 
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D/= 

P 

DO of diluted sample immediately after preparation, mg/L, 

Dr DO ofdiluted sample after 5 day incubation at 20 C, mg/L, 

= decimal volumetric fraction of sample used, 

_Ilwl!lile. the BOD removal efficiencies were calculated as follows: 

BOD (influent) - BOD (effluent) 
% BOD removal= x 100% 

BOD (influent) 

13 
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CHAPTER 4 

RESULTS AND DISCUSSION 

there were six experiments which had been done. Two experiments were done for the 

.."i....",tn flow rate aeration which was named as AS 1 and AS2. Four experiments were done for 

half flow rate aeration which was named 'as ADl, AD2, AD3 and AD4. Below are the results 

discussions of the experiments which had been done. 

tables in Table 1, Table 2, Table 3 and Table 4 indicate that BOD removal efficiency is 

on the influent BOD. 

a e and BOD I ffi . fi fi . hT bIll. nfl uent BOD remova e IClenc~ fior re erence run or SIX ours 

Time Reference 
(h) Influent BOD (mg/L) Effluent BOD (mg/L) BOD Removal Efficiency (%) 

I 170.0 78.7 53.7 
2 175.0 82.0 53.1 
3 181.7 80.8 55.5 
4 191.7 78.6 59.0 
5 
6 

201.7 
183.3 

75.8 
79.3 I 

62.4 

II56.8 
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able 2. Influent BOD and BOD removal efficiency for maximum flow rate aeration (AS 1 and 
AS2) run for six hours 
Maximum Flow Rate Aeration 

Time ASI AS2 
(h) Influent Effluent BOD Influent Effluent BOD 

BOD BOD Removal BOD BOD Removal 
(mg/L) (mg/L) Efficiency (mg/L) (mg/L) Efficiency 

(%) I (%) 

I 213.3 79.0 63.0 I 156.3 80.6 48.4 
2 251 .6 70.3 72.1 193.8 78.5 59.5 
3 228.3 73.3 67.9 164.6 74.8 54.6 
4 246.6 78.6 68.1 145.8 76.0 47.9 
5 193.3 72.6 62.4 122.9 65.9 46.4 
6 276.6 59.0 78.6 160.4 I 74.5 I 53.6 I 

3. Influent BOD and BOD removal efficiency for half flow rate aeration (AD 1 and AD2) 
run for six hours 

-

Time Half Flow Rate Aeration 
(h) Influent AD! AD2 

BOD Effluent BOD Effluent BOD 
(mglL) BOD Removal BOD Removal 

(mglL) Efficiency (mglL) Efficiency 
(%) (%) 

I 163.3 58.0 64.5 47.3 71.0 
2 153.3 48.6 70.2 42.0 74.3 

! 

3 146.6 35.3 75.9 33.3 77.3 
4 133.3 44.0 67.0 47.3 64.5 
5 163.3 42.5 I 74.0 I 41.4 74.6 
6 133.3 47.8 64.2 52.2 60.9 
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4. Influent BOD and BOD removal efficiency for half flow rate aeration (AD3 and AD4) 
run for six hour 

Time 
(h) 

Half Flow Rate Aeration 
Influent 

BOD 
(mglL) 

AD3 AD4 

Effluent 
BOD 

(mglL) 

BOD 
Removal 

Efficiency 
(%) 

Effluent 
BOD 

(mg/L) 

BOD 
Removal 

Efficiency 
(%) 

1 156.3 81.3 47.9 73.4 53.7 
2 193.8 79.1 59.2 76.9 53.1 
3 164.6 71.7 56.4 79.3 55.5 

4 145.8 73.6 49.5 71.0 59.0 
5 122.9 75.2 '-------3 8 . 8 72.9 62.4 
6 160.4 76.3 52.4 75.3 56.8 

reference, although without aeration, the BOD removal efficiency was also dependent on 

l r·:iD1iUelnt BOD. The highest reading for influent BOD, 201.7 mgr , which was taken on the 5th 

has the BOD removal efficiency of 62.4%. The 2nd highest reading for influent BOD, 191.7 

which was taken on the 4th hour, has the BOD removal of 59.0%. Then followed by the 

BOD reading on the 6th hour, 183.3 mgL- 1 which has the BOD removal efficiency of 

On the 3rd hour, the influent BOD reading was 181.7 mgL- 1 with the BOD removal 

of 55.5%. The 2nd lowest reading for influent BOD, 175.0 mgL- 1
, which was taken on 

~ hour, has the BOD removal efficiency of 53.1%. The lowest reading for influent BOD 

110.0 mgL'), which was taken on the first hour of the experiment, has the BOD removal 

of 53.5%. The BOD removal efficiency decrease when the influent BOD reading 

an experiment for the maximum flow rate aeration, the highest reading for influent BOD 

mgL-I with 78.6 % of BOD removal efficiency. Then followed by the reading of 
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