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Optimization of the Biofilter in the Domestic Wastewater Treatment System. 

(Retention Time of the Wastewater in the Biofilter Chamber) 

Teh Nur Akmal Binti Kusni 

Resource Science Programmer 
Faculty of Resource Science and Technology 

University Malaysia Sarawak 

AB TRACT 

The mai n purpose of this research was to determine the performance ofbiofilter in removing organic matter 
by optim izing the retention time of the wastewater in contact with the microorganisms. The wastewater 
used was domestic wastewater. In optimizing the retention time, the biofilter column adjusted at three 
ditTerent lengths which were 20cm, 40cm and 55cm under continuous spraying in 6 to 12 hours cycle in 
two replicates. The retention time of three different lengths was determined by using bromophenol as dye 
measuremen t. Result showed that, for 20cm length with 55s of retention time has 50.93% of BOD 
removal wh ile at 40cm length with 125s of retention time only 40.62% of BOD removal. The efficiency of 
BOD removal required 61.07% for 55cm bed length with 145s of retention time. 

Keywords: domestic wastewater, retention time, BOD 

ABSTRAK 

Tuj llal/ ulama kajian ini di/akukan ada/ah lint uk menentuklln keberkesanan sistem pellapisall seca/'(/ 
hiolu1Ji dahllll menyingkirkan bahan organic da/alll mengoptil1lllmkan ma.l'a peng/llnplI/an oil' klllll/Ja/wlI 
dellJ,!on tindakha/as mikroorgani.l'llIa. Ai,. klllnbahan yang digllnakan ada/ah air kllllJha/wn domeslili. 
Dahllll l1lengoptilllllf1lkanll1asa pengllmpll/an sistem penapisan secara hi%gi dibahagi kepada tiga lIkllral/ 
iaitll l0cm, -/OCI1J. dan 55('111 di baw(/h penyembllran hertel'usan .I'e/afl/a 6 hingga /2jam kill/ran £1(//(//1/ £Ilia 
rep/ika.l'i. Mma pengllmpll/an bagi ketiga-tiga lIkllran ini dikena/pasti dengan menggunakan hroIflOji.'lIo/ 
sehago; .I'lIkatan pewarna. Keplltusan menllnjukkan ukllral1 20c/1I (55.1'aat) mempllnyai 50.1)3% 
pengurungan kadar BOD manaka/a pada lIkllran 40cm (125saat) mempllnyai 40.62% pengllranga!1. To/tap 
kecekllpon lint Ilk mengllrangkan kadar BOD memer/ukan 6/.07% pada lIkll!'an 55cI11 pac/a lI1usa 
penglll1lpll/an 145saat. 

Kata kllnei: kllmbahan dOl11estik. mG.w pengllmpll/an, BOD 



CHAPTER 1 


INTRODUCTION 


1.1 Background 

Over 70% of the Earth's surface, water is undoubtedly the most precious natural 

resources that exist on our planet which the major reservoir is ocean, lakes, rivers, and 

groundwater. Since the increasing of population pressures and technologies in recent 

years it' s was performed an unsafe water. There are many pollutants entering the rivers. 

from oluble and suspended pollutants derived from treated and untreated domestic and 

industrial waste waters to solid waste indiscriminately dumped in the rivers or left on the 

river banks which are floated off during rain storms when the river levels rise. As a result. 

we have problems of both water quality and aesthetics. According to DOE' s assistant 

direct r (river section) Dr Zulkifli Abdul Rahman said , most pollution is caused by the 

dispo al of partially treated or untreated human and animal waste. In the number of clean 

rivers over a 10 year period from 1990 to 2000, there were 48 clean rivers in 1990 and in. 
2000 there were only 34 clean rivers (Star Report, 2003). That mean, the number ofvvate r 

pollution was increasing over the time. 
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Various epidemics such as cholera and typhoid have been caused by water 

pollution. Several forums of legislation have been passed in recent decades to try to 

control water pollution. The World Health Organization (WHO/UNICEF, 2003) stated 

that, "women and children especially in developing countries suffer most from water-

related di eases and the damaged environment. About 2 million people di~ every year due 

to diarrhea disease which most of them are children." The World Water Vision Report. 

2000 estimated that there is a global water crisis. It is a crisis of managing water so badly 

that billions of people and also to environment suffer badly (Zaharaton, 2004). Pollution 

is caused when silt and other suspended solids, such as soil , wash off plowed fields, 

construction and logging sites, urban areas, and eroded river banks when it rains. Water 

mostly polluted by the discharge of partially treated or untreated wastewater. The major 

reservoir of the pollutant comes from human wastewater containing amounts of 

pathogen , organic matter, nutrients and heavy metal. The untreated wastewater poses 

serious public health risks, as sewage is a major source of excreted pathogens such as the 

bacteria. iruses, protozoa and helminthes (worms) that cause gastro-intestinal infections 

in human being (Liqa and Sarath, 2003). The major sources of water pollution can be 

classified a municipal (domestic and sewage), industrial, and agricultural. 

Household waste from resident areas, commercial areas and institution areas are . 
part of domestic sources. Domestic wastewater divided into two types which are the 

hblack water" and "grey water". 

3 
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• 	 Black water consists of toilet wastewater with high concentrations of 

organic matter (BOD) and nitrogen and moderate contents of phosphorus. 

It also has a very high content of bacteria (£. coli) 

• 	 Grey water consists of wastewater from laundry, kitchens, baths, washing 

basins and other in-house wastewater outlets other than toilets. It has 

medium to high contents of organic matter with low contents of nitrogen 

and bacteria, and moderate contents of phosphorus. Grey water normally 

contains low amounts of pathogenic organisms, which are normally 

deemed to be of no major hygienic concern. 

Generally, properties of wastes from industry are usually similar to domestic 

sewage especially from the food industry. Heavy metals are common contaminants of 

industrial wastewaters. The most common heavy metal contaminants are arsenic, 

mercury. barium, nickel , copper, lead, zinc and so forth (Cheremisinoff: 1995). 

Wastewater may also contain highly poisonous chemical toxins from industrial sources as 

well as hazardous material from hospital waste. The main impacts of industrially polluted 

wastewater on urban agriculture sites were soil salinisation and heavy metal 

accumulat ion. Heavy metals accumulate in soils and some crops like potato. Initial 

positive responses like increases in yield and productivity are followed by reduction of 

yields with high salinity. Uncontrolled long-term loading of Cd, ln, Pb, Hg, As, Cu. Cr6 
+. 

Ni and Mn in agro-ecosystems will reduce yields and crop quality. Further. elevated 

levels of heavy metals in soils significantly reduce soil bio-diversity and consequentl y 
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biologically driven soil nutrient recycling processes and plant-soil symbiotic relationships 

(Liqa and Sarath. 2003). 

To protect the aquatic environment and human health, discharge requirements for 

treated wastewater are becoming increasingly strict. Decentralized wastewater 

management may be defined as the collection. treatment, and disposal/reuse of 

wastewater from individual homes. clusters of homes, isolated communities, industries. 

or institutional facilities (Tchobanoglous, 1995). These systems maintain both the solid 

and liquid fractions of the wastewater near their point of origin for further treatment and 

reuse. For a large city, retention of wastewater solids in septic tank has been proposed as 

part of a decentralized wastewater management system. Septic tank, however, can only 

reduce the organic matter by around 50 percents and do not significantly to reduce 

bacteria or nutrients (nitrogen and phosphorous) and the bacteria removal is low. In 

conclusion, tbe efficiency of septic tank is low. 

On the other hand, centralized wastewater management consists of conventional 

or alternative wastewater collection systems (sewers), centralized treatment plants. and 

disposal/ reuse of the treated effluent, usually far from the point of origin 

(Tchobanoglous, 1996). The example. of conventional centralized systems is ecological 

sanitation (EcoSan). However, there is limitation of this system whereby as the expense 

of conventional centralized wastewater systems continuous to increase, the availability of 

water supply sources decreases (Tchobanoglous. 1998). 
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Since the main focus in this report was dealing with wastewater treatment, sewage 

and domestic wastewater was the major threat to the surface water and removal 0 I' 

biodegradable organic matter. In this case, EcoSan is the ecologically sustainable 

approach. Generally, several economic and environmental benefits can be obtained 

through EcoSan, including conservation of resources through recycling of water, 

nutrients and energy and it also reduced water pollution. However, EcoSan also have 

disadvantage whereby is very sensitive to the composition of the wastewater, requiring 

purely domestic wastewater. Wastewaters are generated in large volumes and the 

treatment by biofilter and wetland may require large land areas nearby the sources. In the 

city. land suitable for it is limited and it become economically not feasible. Therefore to 

solvc it. ome possible solutions can be used such as reduce the volume of wastewater 

through social and cultural changes or to improve the efficiency of the biofilters and the 

material removal. 

The functions and efficiency of the biofilter in removing organic matter can be 

enhanced by optimizing the retention time of the wastewater in contact with the 

microorganisms in the biofilter. Generally, our main objective was to maximize the 

removal of BOD materials in wastewater trough the optimization of the biofilter. Specitic 

objective wa to determine the relation~hip between the retention time of the wastewater 

with filter material and the removal of BOD materials in the biofilter. 

6 




CHAPTER 2 

LITERATllRE REVIEW 

2.1 Wastewater 

Cheremisinotf (1995) has defined that wastewater is a combination of the liquid 

of water-carried wastes removed from residences, institutions, and commercial and 

industrial in a community. Wastewater has been regarded as a problem as it involve 

hygienic hazards, as well as containing organic matter and eutrophying substance in the 

form of nitrogen and phosphorus (Esrey el al. , 200 1). There are three characteristic of 

wastewater due to its compositions. The physical, chemical, biological characteristics of 

wastewater vary throughout the day. 

The principle physical characteristic of wastewater are its solid content, particle 

size distribution, turbidity, color, transmittance/absorption, odor, temperature, density. 

and conductivity (Tchobanoglous, 1998). Typical chemical composition of untreated 

domestic wa tewater as found in wastewater collection system as reported by 

Tchobanoglous and Burton (1991) are total solid dissolve, suspended solids, biochemical 

oxygen demand (BOD), nutrients (nitrog$!n, phosphorus, sulfate, and chlorides), oil and 

grease and so forth. The biological characteristics of wastewater are of fundamental 

importance control of diseases caused by pathogenic organisms of human origin, bacteria 

and other microorganisms in the decomposition and stabilization of organic matter. 
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The alternative wastewater collection is from individual residences, public 

facilities, commercial establishments, industrial parks and so forth (Tchobanoglous, 

1998). The organic matter in wastewater typically consists of protein (40 to 60 percent), 

carbohydrates (25 to 50 percent), and oil and fats (8 to 12 percent). Over the years, a 

number of different analyses have been developed to determine the organic content of 

wastewater. In general, the analyses may be classified into those used to measure an 

aggregate amount of organic matter comprising organic constituent with similar 

characteristic and those analyses used to quantify individual organic compounds 

(Standard Method, 1995). 

To asses the performance of treatment process, laboratory methods commonly 

used to measure gross amounts matter in wastewater using 5-day biochemical oxygen 

demand (BOD;) (Tchobanoglous, 1998). A combination of physical/ chemical treatment 

consist the filtration to remove the suspended solids and BOD. The filters media will 

remove most of the remaining suspended solids. The advantage of this treatment over 

normal biological treatment is high suspended solid and BOS removals can be achieved 

(90 to 95 percent) (Cheremisinoff, 1995). Thus, in this study will focus on the tiltration 

treatment system as to remove the organic .matter especially the BOD materials. 
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2.2 Biochemical Oxygen Demand (BOD) 

According to Tchobanoglous (1998), the BOD test is the most common test used 

In the field of wastewater treatment. It sufficient oxygen is available, the aerobic 

biological decomposition of an organic waste will continue until aU of the waste is 

consumed. Three more or less distinct activities occur. First, a portion of the waste is 

oxidized to end products to obtain energy for cell maintenance and the synthesis of new 

cell tissue. Simultaneously some of the waste is converted into new cell tissue using part 

of the energy relea ed during oxidation. Finally, when the organic matter is lIsed up, the 

new cells begin to consume for cell maintenance. If only the oxidation of the organic 

carbon that is pre ent in the waste is considered, the ultimate BOD is the oxygen required 

to complete the three reactions. 

According to Cheremisinoff (1995), the BOD removals are effected by quantity 

and quality ofwa teo In generally, the greater the quantity of waste applied, the lower the 

BOD remo al efficiency . In order to obtain a reasonable degree of treatment, the waste 

should be free from constituents that are toxic to the filter organisms, such as cyanide. 

copper, chromjum, and other heavy metals. Beside that, temperature also effects the BOD 

removal. The greater BOD removals. should be expected during the summer months 

because of the increased activity of the microorganisms. 
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2.3 Ecological anitation 

Over the past decades, mainly centralized systems have been built to serve the 

densely populated areas (Wilderer, 2001). Thus, the concept of Ecological Sanitation 

(EcoSan) is pre ented as a way to tackle the problem of lacking sanitation worldwide. 

Ecological Sanitation is an alternative approach to avoid the disadvantages of 

conventional wastewater systems (Werner et al., 2004a). Human excreta and water from 

households are recognized as a resource (not as a waste), which should be made available 

for reuse. According to Werner el al. (2004b), EcoSan reduces the health risks related to 

sanitation. c ntaminated water and waste. It prevents the pollution of surface and 

groundwater and also the degradation of soil fertility. Beside that, EcoSan optimizes the 

management of nutrients and water resources. 

EcoSan represents a holistic approach towards ecologically and economically 

sound sanitation and is a systemic approach as well as attitude. The applied technologies 

may range from natural wastewater treatment techniques to compost toilets, simple 

household installations to complex, mainly decentralized systems (Otterpohl, 2004). An 

applied strategy for Ecosan projects in practice is based on collecting and treating the 

different wastewater flows separate to optim}ze the potential for reuse (Esrey el al., 1998; 

Wilderer. 2001; GTZ, 2003): 

• 	 Blackwater (wastewater from the toilets, a mixture of urine and faeces). 

• 	 Greywater (wastewater without excreta respectively from kitchen. 

bathroom and laundry). 

10 




All over the world, the concept applied in same place. Examples for Ecosan 

concepts in Austria are the "Bettelwurfhutle" (PAP, 2003), Kisoro (Uganda), Germany 

and also Finland. Moreover, Kuching in Sarawak, Malaysia may be among the first cities 

in the world to combine conventional wastewater systems with large-scale urban 

ecological sanitati n. This project is the first of its kind in South East Asia. 
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CHAPTER 3 


METHODOLOGY 


The sampling technique and the analyses used to characterize wastewater vary from 

precise quantitative chemical determination to the more qualitative biological and 

physical determinations. Current methods of sample preservation for the analysis of 

properties subject to deterioration must be used (Standard Methods, 1995). A filtration 

column experiment was performed to evaluate factor affecting organic matter removal in 

biofilter. The experiment set-up, sampling technique, the method of analysis and data 

analysis for this pr ~ ct is considered below. 

3.1 Experimental set-up 

Intluent 

Bricks 

Figure 1: Schematic diagram of experiment set-up 
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Based on the diagram above (Figure I) the set-up has three parts which are the 

ttling tank, the reservoir tank and the filtration column. The settling tank is important 

part because it is used for settle down the sludge and other suspended solid in the 

astewater before entering the reservoir tank. The wastewater in the settling tank thus 

d through the re ervoir tank without any content that can block the water spraying. 

The water level in the reservoir was kept constant by continuous pumping from a 

continuously stirred torage tank kept at ground level Wastewater was introduced to the 

filter column through the reservoir which was equipped by a sprinkler. In the filtration 

column, the wastewater was flow through the bricks and the effluent was collected in 

hourly. 

3.2 Filter Column 

Columns were constructed from inverted I-litre acrytubing plastic (diameter 84

90 mm) and each packed with ca. 1000 g of media. 

3.2.1 Filter Column Design 

f'...__ 

Bricks 
r -/""" 

...... 


"Bricks 


I 

Bricks 

,--_/ ,--_/ 
(a) (b) (c) 

Figure 2: The filtration column design (a) 20cm column length 
(b) 40cm column length (c) 55cm column length. 
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In this study, there were three different column lengths was used, which were 

2 m (Figure 2 (a», 40cm (Figure 2 (b» and 55cm (Figure 2 (c». This design was set-up 

, how the perfonnance of BODs removal due to the different column length. The 

lumn was wrapped with aluminum foil to avoid light from reaching the media which 

may leads photosynthe -is by the microorganism inside of the column. The column was 

kept water saturated, as the effluent levels of the columns was set just above the surface 

of the media in the columns. The effluent from each column was collected daily and the 

volume was measured to estimate actual loading. 

3.2.2 Filter Media 

All the bed materials or media used were bricks. In this study, using bricks as a 

media was easier to tind either in construction area or in the bricks factory. Each filtration 

column was packed wi th bricks followed the measurement. The particle size was used is 

2-4mm. Basically, the column of filtration was set up with bricks (2-4mm). The bricks 

firstly washed and dried in drying oven (1-2 days). Next, the bricks were crushed into 

mall pieces. To get the diameter 2-4 mm, the small pieces of bricks were sieved by llsing 

'ieve (2-4mm). To a oid sediments when filter the wastewater, the bricks was washed 

and dried again. Wh n ieving, use mask to avoid dust. 

.2 Raw (Wastewater) Water 

The influent that was used in this study is domestic wastewater from treatment 

lant institutional facili ties located at the UNIMAS student college, Kenanga. Sample 

14 




taken during day time but at random dates and times. The quality of wastewater 

sampl varied with sampling time. The water sampling was collected by lIsing the 

tainers (jerry tank, 20L) for laboratory analyses. This water sample was keep for a day 

bef1 re the experiments to settle down the sludge . 

.2.4 Sample (wastewater) Flow and Retention Time 

Wastewater was passed through the column continuously at the rate of 

pproximately 100 mL dai' per column using a constant-head feeding tank . The water 

I vel in the feeding tank was kept constant by continuous pumping from a continuously 

tirred storage tank kept at ground level. Water in the storage tank was renewed every 

third day. Effects of factors affecting the optimization of the biofilter performance sllch 

as the residence time, particle size, and initial amount of media as well as effluent flow 

was observed and compared respectively using the same experimental set up. To 

delennine the hydraulic retention time (HRT) of the tilter columns, dye was used. 

In this experiment bromophenol blue (triphenylmethane dye) was used as a dye 

measure the retention time of the three different column lengths which are 20cm. 

m. and 55cm. Normally, waste treatment processes do not remove most of the dye . 
present in the wastewater. Therefore, it easy to use it to trace the retention time of three 

different lengths. Thus, I rnL of dye solution with 800mg/L concentration was injected at 

th larting point (influent) where the time was estimated. The effluent from the column 

collected at certain time until the blue color become colorless. Using the Perkil11 
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lmer UV-visible measurement, the absorbance of dye was measured at wavelength 400

00nm to get breakthrough curves for the columns. 

0.45 
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! ~ 0'25 


J

! 020' 
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Figure 3: The peak absorbance for 20cm column at 55s 
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Figure 4: The peak absorbance for 40cm column at 125s 
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Figure 5: The peak absorbance for 55cm column at 145s 

mple Collection 

Column 
Sample Collection (hour) 

I 2 3 4 6 8 10 12 
20cm / / I / / / 
40cm / / / / / 
55cm I I / / 

I 
/ / / / 

Table I: Sample collection per hour for three columns 

The sample collection was taken as in a table above (Table 1). The sample was 

U ct by using bottle ample for B005 analysis in the lab. There are five collection 

pies for both 20cm column and 40cm column while eight collection sample for 55cm 

tumn. The table showed that until the fourth hour, the sample was collected after two 

or. Before the effluent ampling, the DO reading of the influent and column as well as 

t mperature of the column was taken. DO level in samples were measured using 

A DO meter. The influent and effluent samples were analyzed by BODs. Three 

licates were done for e ery sample. 
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d mand. 

BOD!! Analysis 

In the standard test for BOD, a small sample of the wastewater was tested in BOD 

( 01. 300 mL). The bottle was then filled with dilution water saturated in oxygen 

containing the nutrients required for biological growth. For dilution water 

preparation, a desire amount of water was placed in a bottle and I ml each of phosphate 

buffi r. MgS04, CaCh and FeCl3 solutio niL of water was added. The bottle was shaken to 

saturate water with DO. Appropriate amount of seed material is added to BOD bottles. 

Then. the bottles were filled with enough dilution water. Before stoppering the bottle, the 

g n concentration in the bottle is measured. After that, the bottles were wrapped with 

aluminum foil and kept in dark place for 5 days at room temperature. After incubating the 

ttle for 5 days at 20°C, the dissolved-oxygen concentration values, expressed in 

miUigrams per liter, divided by the decimal fraction of sample used. 

The computed BOD values are known as the 5-days, 20c C biochemical oxygen 

The temperature, however, should be constant throughout the test. After 

incubation, the dissolved oxygen of the sample is measured and the BOD is calculated 

tandard Methods. 1995). The BOD test was calculated as: 

dilution water is unseeded: 

BOD, mg/L = OOi - DOt 


p 

ere: 

OOi = initial DO 

DOt = final DO 

P = the dilution fraction 


= (Vwastewater) I (V final solution) 
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