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Abstract 
 

 The objective of this study was to investigate the kinetics of ethyl benzene degradation in the 
biofilter packed with the isolated bacteria from a petrochemical wastewater treatment plant. The inlet 
synthetic contaminated air containing 50 ppm ethyl benzene gas was introduced up flow in a 21.2 lite 
reactor with the flow rate of 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5 and 5.0 L/min. The bacterias were fixed 
on plastic medias (polyethylene) 40 mm × 40 mm and packed in the reactor with about 30.0 cm height 
Both inlet and outlet ethyl benzene concentrations were measured using gas chromatography. The 
results were fit with the order of reaction equations. The relation between the concentrations and 
empty bed resident times (EBRT) show that the biofilter kinetics was Zero-Order Reaction Limited 
Model and The Kinetic constant (k0) was 3.2192 ppm.min-1. The kinetic of the biodegradation of the biofilter 
system may be described by an equation: C0-C = (3.2192×t)-21.513. 
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Introduction 
 

Treatment of volatile organic compounds 
(VOCs) using a biofilter is one of the technique 
most widely used. This technique is effectively 
applied to control air pollution containing volatile 
organic compounds and/or inorganic compounds. 
Generally biofilter is a kind of treatment system 
that is easy to control and operate. 

Ethyl benzene is the VOCs. It is highly 
flammable, clear colorless with an aromatic  
odor [1]. It is important used to an intermediate in 
the production of styrene in the petrochemical 

industry. For health effect, ethyl benzene is in  
2B group (Possibly carcinogenic to humans) of IARC 
Monographs on the identification of carcinogenic 
hazards to human [2].  

The degradation of volatile organic 
compounds in biofiltration involves many physical, 
chemical and microbiological phenomena [3]. 
Biofilter system design should consider factors to 
get an appropriate system and conditions to 
operate. One of the most important factors is the 
kinetic of the bacteria degradation. This 
characteristic is specific for each bacteria and 
conditions. Kinetics of degradation of bacteria in 
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the biofilter are classified into three forms 1) Zero-
Order Reaction-Limited Model 2) Zero-Order 
Diffusion-Limited Model and 3) First-Order  
Model [1]. A studied kinetics of ethyl acetate and 
xylene in biofilter using sugarcane bagasse base as 
packing material. The inlet mixed gas (ethyl acetate 
and xylene) with the concentration of 0.2-1.2 g/m3 
were introduced to the system. The result found 
that the kinetic of the biofiltration was Zero-Order 
Diffusion Limitation Model [4]. The studied of 
kinetics and modeling of H2S in biofilter using 
cylindrical particle as medias and the empty bed 
resident time (EBRT) were controlled at 20, 30, 45 
and 60 s. The result found that the kinetic of 
biofiltration was First-Order Model [5]. The studied 
of kinetics in biofilter using compost base as 
packing material. The H2S were passing with 
flowrate 68 l/min to the reactor, EBRT was 16 s. 
The result found that the kinetic of biofiltration was 
First order model for low concentration (<200 
ppm) and Zero order model for high concentration 
(>400 ppm) [6]. The Studied of Kinetic in biofilter 
using compost mix with granular activated carbon 
media. The 3 parallel biofilter using compost mix 
granular activated carbon for 0, 3.55 and 13% by 
weight for each reactor. The BTEX inlet gas were 
introduced to the biofilter. The result found the 
kinetic was first order for BTEX concentration  
50 ppm and Zero order for BTEX concentration 
range 235-440 ppm [7]. 

Biofilter system designed to degradation 
ethyl benzene using bacteria isolated from a 
petrochemical industry wastewater treatment 
plant. The group, which as bacteria P. aeruginosa 
S19 and B. Cereus O5-1/1 [8]. Therefore, the 
study of kinetics of bacteria degradation is 
needed in full scale design biofilter system. 

 
 
 

Materials and Methods 
 
 The study of kinetics ethyl benzene 
degradation in biofilter system used bacteria 
isolated from a petrochemical industry wastewater. 
Bacterias were fixed on plastic medias 
(polyethylene) 40 × 40 mm [9]. The surface area 
per unit volume of the media was 180 m2/m3. The 
medias were packed in a 21-liter reactor. Synthetic 
contaminant gas was generated by passing cleaned 
air over ethyl benzene surface in a closed glass 
impinger. The rich ethyl benzene gas was mixed 
with another cleaned air stream to control and 
vary the ethyl benzene concentrations. This 
synthetic ethyl benzene contaminated air with was 
introduce into the reactor at the flow rate of 1.0, 
1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5 and 5.0 L/min. 
Essential nutrient was also introduced into the 
reactor. The input ethyl benzene concentration 
was maintained about 50 ppm. Both inlet and 
outlet ethyl benzene concentrations were 
measured using gas chromatography (8900 GC-TID, 
Baseline-Mocon, Inc.). The schematic of the biofilter 
experimental system is shown in Figure 1. 
 This study aims to verify the kinetic of the 
biodegradation reaction of the system. The 
characteristic of the kinetics may be represented by 
three equations, (1) - (3), as following [4]. 

 
Zero-Order Reaction-Limited Model 
 

       (Eq. 1) 
 
Zero-Order Diffusion-Limited Model 
 

       (Eq. 2) 
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Where Kd is the rate coefficient of zero-order 
kinetic with diffusion limitation. 
 
 
 

First Order Model 
 

 
       (Eq. 3) 
 
 
 

 
 

Where C = Outlet concentration (ppm) 
        C0 = Inlet concentration (ppm) 
 k0  = Kinetic constant of Zero-Order 
   Reaction Limited Model (ppm.min-1) 
 Kd = The rate coefficient of Zero-Order 
   Kinetic with Diffusion Limited Model 
   (min-1) 
 k1 = Kinetic constant of First-Order Model 
   (min-1) 
 t = Empty Bed Resident Times (min) 

 
 

 

 
 

Figure 1  Schematic of the biofilter experimental system 
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Results and Discussions 
 
 The results of the study were exhibited 
as follows: 
 1.  By plotting C0-C with t as shown in 
Figure 2, the relation according to linear 
regression best fit was found 0.7965 for R2. The 
Kinetic constant of the Zero-Order Reaction 
Limited Model was 3.2192 ppm.min-1. 
 2.  By plotting 1-(C/C0)

(1/2) with t as shown 
in Figure 3, the relation according to linear 
regression best fit was found 0.2744 for R2. The 
rate coefficient of the Zero-Order Kinetic with 
Diffusion Limited Model was -0.0228 min-1. 
 3.  By plotting ln(C/C0) with t as shown in 
Figure 4, the relation according to linear 
regression was found 0.5547 for R2. The Kinetic 
constant of the First-Order Model was 0.5695   
min-1 

 The result concluded that the kinetics 
reaction of ethyl benzene degradation in the 
biofilter reactor was Zero-Order Reaction Limited 
Model (Highest R2). This result indicated that the 
bacteria degradation ethyl benzene was the 
limited function of the reaction more than the 
diffusion rate of ethyl benzene from the gas 
phase into the biofilm layer. The efficiency of the 
system depends on the abilities to degrade the 
ethyl benzene. The rate of reaction wasn’t 
depending on the inlet concentration. The inlet 
concentration of ethyl benzene increased the 
reaction rate was stable. The kinetic of the 
biodegradation of the biofilter system may be 
described by an equation: C0-C = (3.2192×t) - 
21.513. This equation can be applied for sizing the 
Empty Bed Resident Times (EBRT) of a biofilter 
reactor and also to predict the efficiency of the 
biofilter system. 

 

 
Figure 2  Zero-Order Kinetic with Reaction Limited Model by shown plotting C0-C with t 

 
Figure 3  Zero-Order Kinetic with Diffusion Limited Model by plotting 1-(C/C0)
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Figure 4  First-Order Model by plotting ln (C/C0) with t 

 
Conclusions 
  
 The kinetics of biofilter column packed 
with synthetics material using bacteria isolated 
from a petrochemical industry wastewater 
treatment plant. (P. aeruginosa S19 and  
B. Cereus O5-1/1). The Zero-Order Reaction 
Limited model was found for the kinetics 
degradation of ethyl benzene in biofilter 
system. The equation was C0-C = (3.2192×t) -
21.513 and the constant of the kinetic reaction 
rate (k0) was 1.8467 ppm.min-1. 
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