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Abstract. This stuy aims to determine the operational parameters of submerged biofilter and to 

develop a model that can be used to estimate the elimination rate of pollutant using aerob and 

anaerob reactors. The experiment was conducted with draining the wastewater on a cylindrical 

biofilter column. The removals of wastewater were processed with hidraulic loading rate (HLR) 

variation of 0.44; 0.74; 1.11; 1.66; 2.21 m3/m2/day. Samplings were performed at the various 

height of column, i.e. 0.15; 0.3; 0.45; 0.6; 0.75 and 0.9 m. Then the effluent from each point was 

analyzed using UV-Vis Spectrophotometer. The results showed that the optimum carbonaceous 

removal was obtained at column height of 90 cm. The operational parameters for scale-up 

application is 0.74 m3/m2/hour. While the removal percentage of carbon as a chemical oxigen 

demand (COD) parameter is 84.72%. The changes of HLR will give an effect on the substrate 

reduction rate (SRR), the microorganism’s growth rate, and the percentage of substrate removal. 

The model was developed based on efficiency factors can represent the concentration of COD 

effluent at the various of HLR and the height of column. 

1. Introduction 

Liquid waste or wastewater is the waste which the existences give problem in people's lives. The high 

mobility characteristic make this waste contaminate the environment easily. According to Indonesian 

Government Regulation Number 82 of 2001 about Water Quality Management and Water Pollution 

Control[1], identifies that it is not allowed to dispose of liquid waste into water or soil, except with the 

permission from the regent and based on the assessment results. 

Liquid waste from industry contains chemical compounds, heavy metals, hazardous and toxic materials, 

and various organic compounds in high concentrations. For liquid waste from the resident (domestic) 

the largest component is solids, either in soluble or suspended. These solids contain organic substances, 

such as carbohydrates, proteins, fats and oils, and inorganic substances, e.g. calcium, chloride, iron and 

others[2]. 

Organic waste are usually contains of carbon, hydrogen, oxygen, nitrogen, phosphorus, sulphur and 

other minerals which enter the water in form of precipitated solids, colloids, suspended or dissolved. 

Carbon, nitrogen and phosphorus are three types of concern contaminants because at certain levels 

would lead to adverse effects for some organisms[2, 3].  

One of the biological wastewater treatment techniques is submerged biofilter. Submerged biofilter is 

wastewater treatment plant using microorganisms which growed in a packing media (attached culture) 

and the processed fluid is passed continuously across the media[4, 5]. In this study will try to process the 

wastewater containing high concentration of carbonaceous pollutans with submerged biofilter. 

2. Liquid Waste 

The contributor contaminants can pose the aquatic environment are dirty water, excess nutrients, 

synthetic organic compounds, litter, plastics, metals, hydrocarbons/oils, and polycyclic aromatic 

hydrocarbons. Nitrogen (nutrient) and carbonaceous are important to maintain aquatic ecosystems, but 
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if excess the concentration will damage the aquatic environment. According Dombrowski[6] the average 

concentration of COD in the domestic wastewater ranged from 444.5 to 775.9 mg/l.  

2.1 Biological Wastewater Treatment 

Biological waste treatment reactor can be divided into two parts[7], e.g.: 

2.1.1 Suspended growth reactor. 

In this reactor, microorganism grows in a suspended culture. Activated sludge process is a reactor of 

this type. 

2.1.2 Attached growth reactor (attached growth reactor). 

In this reactor, the microorganisms grow on media support to form a thin layer (film) to attach[8]. This 

type of reactor are trickling filters, biological discs, submerged filters, and fluidized reactor. 

2.2 Submerged Biofilter 

Submerged biofilter is a submerged attached growth bioreactor (SAGB) that uses granular packing, 

which the liquid waste passed across the media continuously and always under submerged conditions. 

The presences of the media causes microorganisms grow, attached and form a thin layer (biofilm) on 

the surface[4, 5, 7]. 

This treatment process can be done with aerobic biofilter, anaerobic or combined anaerobic-aerobic 

processes[9]. The process of aerobic-anaerobic combination are used to eliminate (removed) nitrogen 

content. For the removal of nitrogen, under aerobic conditions occur nitrification process, i.e. 

ammonium is converted to nitrate (NH4
+     NO3

-) and the anaerobic conditions occur denitrification 

process, i.e. nitrate formed is converted into nitrogen (NO3
-       N2)[10, 11].  

2.3 Modeling Transport in Submerged Biofilter 

The mass transfer approach model which occurs in the biofilter is following the model developed by 

Grady et al[7], i.e. the substrate flux into and out of biofilm surface should be proportional to the overall 

rate of substrate utilization in cross-sectional area of the biofilter. The difference of  substrate 

consumption rate every point with the overall consumption on the surface of biofilm, must be an 

effectiveness factor which gave the average correction factor that describes the mass transfer equation 

can represent the overall mass transfer in the biofilm surface[12]. 
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Figure 1. Flow of the substrate in the biofilter 

Substrate mass balance equations in the Figure. 1 are: 

{R. of input} – {R. of output} – {R. of degradation by attached and suspended biomass} = {R. 

of accumulation} 
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𝐹. 𝑆𝑆𝑎 |𝑥 − 𝐹. 𝑆𝑆𝑎 |𝑥+𝛥𝑥 −  𝜂𝑒 (
𝑞𝐻 .𝑆𝑆𝑎

𝐾𝑠+ 𝑆𝑆𝑎
) . 𝑋𝑏 . 𝑎𝑠. 𝐴𝑐. 𝛥𝑥. 𝐿𝑓     

    − (
𝑞𝐻 .𝑆𝑆𝑎

𝐾𝑠+ 𝑆𝑆𝑎
) . 𝑓𝑎𝑐 . 𝛥𝑥. 𝐴𝑐. 𝑌𝑥/𝑠(𝑆𝑆0 − 𝑆𝑆𝑎) = 0          (1) 

dS𝑆𝑎

dx
= − 𝜂𝑒 (

𝑞𝐻 .𝑆𝑆𝑎

𝐾𝑠+ 𝑆𝑆𝑎
) (

𝑎𝑠.𝐴𝑐

𝐹
) 𝑋𝑏 . 𝐿𝑓  − (

𝑞𝐻 .𝑆𝑆𝑎

𝐾𝑠+ 𝑆𝑆𝑎
) (

𝑓𝑎𝑐.𝐴𝑐

𝐹
) 𝑌𝑥/𝑠(𝑆𝑆0 − 𝑆𝑆𝑎)           (2) 

at: x = 0, SSa = SS0; and x = L, SSa = SSe 

From differential equation (eq. 2) is obtained the relationship between the concentrations of waste out 

of the biofilter (SSe) to the length/height of media (L) (eq 3). The values of qH and KS are calculated by 

regression of the data which obtained in the experiment. 

SSe =
(Y.SS0 +X)qH.SSo

Y.qH .SSo(1- exp 
L

(
Ks

(Y.SS0 +X)qH
+

1
Y.qH  

)

)+ (Y.SS0 +X)qH exp 
L

(
Ks

(Y.SS0 +X)qH
+

1
Y.qH  

)

         (3) 

which:   

𝑋 = (
𝑎𝑠.𝐴𝑐

𝐹
) 𝜂𝑒 . 𝑋𝑏 . 𝐿𝑓          (4) 

𝑌 = (
𝑓𝑎𝑐.𝐴𝑐

𝐹
) 𝑌𝑥/𝑠            (5) 

𝐹 = 𝐻𝐿𝑅 . 𝐴𝑐                (6) 

 

3. Methods  

To reduce levels of carbonaceous pollutants (as Cemical Oxygen Demand) through the process in the 

aerobic reactor are varied the hydraulic load rate (HLR) on the packing length of the reactor i.e. 15, 30, 

45, 60, 75 and 90 cm. The initially concentration of waste is around 500 ppm and the hydraulic retention 

times are 30, 18, 12, 8, and 4 hours (HLR variation: 0.44; 0.66; 1.11; 1.74; and 2.21 m3/m2/day).  

4. Results and Discussion  

Decreasing concentration profile of wastewater on a varieties of column length and HLR expressed in 

Figure 2. From the this graph shows that the process of elimination wastes is success only for first and 

second HLR. This success is based on environmental quality standards for wastewater according 

Indonesian Ministry of Environment Regulation No. 5 of 2010 e.g., 80 mg/l 
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Figure 2. The relations between the average effluent concentrations and 

column lengths for each HLR 

 

Meanwhile, the relations between the HLR with SRR (substrate reduction rate) at various length of the 

column is presented in Figure 3. From the graph shows that the substrate reduction rate by 

microorganisms is affected by the hydraulic loading rate of wastewater into the biofilter. The larger 

value of HLR, will affect the greater substrate reduction rate of ammonia and nitrate. For this waste, the 

maximum value of HLR and length of reactor (2.21 m3/m2/d and 90 cm), the profile consistent linearly. 

 

Figure 3. The relations between SRR to HLR at various length of 

column reactors. 
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The relationship between the HLR with a percentage of substrate removal at various length of the 

column is presented in Figure 4. From the graph, it show that a good design for a removal effluent are 

the reactor length of 75 cm and 90 cm. Tests on variations HLR up to 2.21 m3/m2/d, it can remove 

pollutants above 80%. But if prefer to the environmental quality standards for the disposal only the 

biofilter with a length of column 90 cm and HLR 0.44 to 0.74 m3/m2/d that can meet the criteria. 

 

Figure 4. The relations between the averages of percentages removal with HLR at 

various length of column reactors. 

 

Meanwhile, the model result is used to predict the magnitude of reduction concentrations can be seen in 

Figure 5. From the graph can be seen that the model for decreasing COD concentration is well verified 

to describe the percentage substrate removal, it was seen that the highest percentage reduction occurred 

at the HLR 0.74 m3/m2/day. The reduction in percentage for the waste is 84.72% and the model gives a 

value of 84.36%. 

 

Figure 5. The relations between precentage removal models and experiments on the HLR 
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5. Consclusions  

Based on the research results obtained some conclusions, e.g.: 

1. Wastewater containing carbonaceous pollutan (as COD) can be processed using submerged 

biofilter at the best design at column reactor of 90 cm. 

2. The optimal hydraulic loading rate to eliminate COD accordance the environment standard is 

0.74 m3/m2/day and the removal percentage is 84.72%. 

3. The mass transfer model was developed based on the efficiency factor can verify to represented 

the amount of effluent substrate concentration at various HLR and the length of reactor. 
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