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Abstract

The objective was to study the kinetics of the degradation of hydrogen sulfide, benzene and
xylene in a lab-scale biofilter. Pseudomonas aeruginosa S19 and Bacillus cereus O5-1/1 were fixed on
the surface of plastic pall rings and used as media in the lab-scale biofilter. Synthetic polluted air
contained hydrogen sulfide, benzene and xylene was generated and introduced into the 106-liter
lab-scale biofilter. Various concentrations of hydrogen sulfide, benzene and xylene in the synthetic
polluted air were adjusted and introduced into the biofilter. The inlet flowrate of the synthetic polluted
air was controlled about 5.0 liters/minute. The concentrations of hydrogen sulfide, benzene and
xylene were measured at the inlet and also after passing through the media layers in the biofilter at the
heights of 0.25, 0.50, 0.75, 1.00, 1.25 and 1.50 meters. Flowrate, temperature and humidity were
recorded.

The retention time of the synthetic polluted air in the biofilter (EBRT) was calculated at each
efficiency, inlet and outlet concentration. Results data of each pollutant from the experiment were
plotted to determine the correlation according to the various kinds of the kinetic equations. From the
results of the study can be concluded that the degradation of hydrogen sulfide, benzene and xylene in
the biofilter were zero-order reaction limited by bacterial degradation. The kinetic equations were

Co-C = kgt. The zero order reaction rate constants (k,) of these kinetic equations were:

- Hydrogen sulfide, ko = 0.0159 ppm. s
- Benzene, ko = 0.0219 ppm. s
- Xylene, ko = 0.0458 ppm. s .
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Introduction

Polluted air
biotechnology technique that microorganisms

may be treated by
degrade some air pollutants to become non-
toxic or odorless gases. Biofilter is an air
pollution control system using this technique
highly effective in controlling mostly volatile
organic compounds and

some inorganic

compounds. In the case of petrochemical
wastewater treatment plant usually emitted
volatile organic compounds (VOCs) and hydrogen
sulfide gas (H,S). Biofilter can be used with
fluctuate air flow, very low concentration with
low operation and installation costs [1, 2].
Biofilter has been used in various industry, such
as, wastewater odor control, rubber industry,
paint and surface coating industry. Natural
materials such as wood chip, compost, soil have
been used as media for microorganisms in the
nature. The disadvantages of using natural
material as media is that it takes rather long time
to start up the system (about 1-2 weeks), difficult
to scaling up from lab-scale to actual scale, its
pressure drop will get higher and the efficiency
natural  media

will decrease when the

deteriorate [3]. These disadvantages may lower

If synthetic media are applied [4-7].

Materials and Methods

Material Synthesis [8, 9]

Pseudomonas aeruginosa 519 and Bacillus
cereus 05-1/1 bacteria were isolated from a
petrochemical industry wastewater treatment plant
could effectively degrade volatile compound BTEX
group [10]. P.geruginosa S19 and B.cereus O5-1/1
were cultured in nutrient broth at 37 degrees
Celsius for 48-72 hours. The bacteria were prepared
in a solution in a laboratory. Then prepare a
container for infusion of material with a capacity of

200 liters. Which contains 120 liters of bacteria
mixed and using distilled water to dilute the
solution to flood all media materials. The bacteria
were immobilized on the media at room
temperature for 3 days continuously [10]. These
bacteria were fixed on the surface of pall ring
plastic media (Figure 1). Vapor of benzene and
xylene were generated by passing cleaned air on
the surface of liquid benzene and xylene.
Hydrogen sulfide was synthesized by a chemical
reaction between sodium sulfide and hydrochloric
acid. Synthetic polluted air used in this experiment
was produced by mixing benzene, xylene vapor
and hydrogen sulfide gas with cleaned air
in @ mixing chamber to control the inlet
106-liter
lab-scale biofilter contained the media fixed with

concentrations and fed into the

bacteria. The inlet flowrate of the synthetic
polluted air was controlled about 5.0 liters/minute.
The concentrations of hydrogen sulfide, benzene
and xylene were measured at the inlet and also
after the polluted air passing through the media
layer in the biofilter at the height of 0.25, 0.50, 0.75,
1.00, 1.25 and 1.50 meters. Flowrate, temperature
and humidity were recorded. The figure of
the lab-scale biofilter is shown in Figure 2.
biofilter

The schematic of the lab-scale

experimental system is shown in Figure 3.

Figure 1 Pall ring plastic media fixed with
bacteria on the surface
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Figure 2 The lab-scale biofilter

The study of the kinetic of the degradation
was done by analyzing the efficiency of the system
and the retention time of synthetic polluted air in
the biofiltter (EBRT). Inlet (C,) and outlet (Q)
concentrations of hydrogen sulfide, benzene and
xylene at each height of the lab-scale biofilter were
calculated for the efficiencies (Eff) of the system.
EBRT at each efficiency was calculate according to

the volume flowrate of the polluted air and the

volume of the media (height of the media bed x
cross-sectional area of the lab-scale biofilter). C,, C,
Eff and EBRT were selected to plot to determine
the correlation among these parameters according

to various kinetic equations.

The Models of the kinetic of the degradation of
air pollutants [11-14]

The kinetic of the degradation of air
pollutants in a lab-scale biofilter according to
microorganisms can be classified into 2 categories:

1. Zero order reaction =

1) Zero Order Reaction Limited.

The zero order with reaction limited is
the kinetic of the degradation of air pollutant in a
biofilter where the rate of reaction (biological
degradation) is slower than the rate of the diffusion
of the air pollutants to the biofilm. The process
would be reaction limited. The kinetic can be

written as the following equation:

Co— C = kot (Eq.1)

Where C, = Inlet concentration of pollutant
(ppm)
C = Outlet concentration of pollutant
(ppm)
ko= zero order reaction rate constant
(reaction limited) (ppm.s )
t = EBRT (s)
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Figure 3 Schematic of the lab-scale biofilter system

2) Zero order Diffusion limited.
The diffusion limited model occurs
when the pollutant its
degradation ability in the biofilm at a depth that

is less than the actual biofilm thickness. In this

reaches maximum

case, the diffusion limits the overall removal in
the biofilm. The equation for this type of the
kinetic is given by:

2
t
C=C, (1 - B, _"c_) (Eq.2)
VCo
k, f(Xy).D

2m

B1 = As

Where t
As

Ko

EBRT (s) (ppm s )

biofilm surface area per unit
volume of biofilter (m )
zero order reaction rate
constant (Zero Order Diffusion
Limitation) (ppm.s )
Diffusivity of the pollutant in
water (m>s”)

Henry’s Constant of the
pollutant

ratio of diffusivity of a
compound in the biofilm to

that in water (dimensionless)
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2. First Oder Reaction @
First Order Reaction is the reaction where
the degradation of the pollutant in the biofilter

depends on the inlet concentration of the

pollutant. The first order reaction model
equation is given by:
1 < k (Eq.3)
n— = —kyt .
g i

Where k; = first order reaction rate

constant (s )

Results and Discussions

Kinetics of the degradation of hydrogen
sulfide, benzene and xylene in the lab-scale
biofilter were studied according to the kinetic
equation in the form of 1) zero order reaction
with reaction limited (Plotting Cy;-C vs EBRT)
2) zero order with diffusion limited (Plotting
(1—(C/C0)0'5) X (COO'S) vs EBRT), and, 3) first order
reaction (Plotting n (C/C,) vs EBRT). The results
are summarized as follows.

For hydrogen sulfide, the tests for kinetic
equations are as shown in Figure 4, Figure 5
and Figure 6. Considering the determination
coefficient (RY), the kinetic equation model of
hydrogen sulfide degradation in the Lab-scale
biofilter was found in zero-order with reaction
limited. The determination coefficient (R) was
0.4512 with the first order reaction rate constant
(k,) of 0.0006 s .

The tests for the kinetic equations for
benzene are as shown in Figure 7, Figure 8
and Figure 9. Considering the determination
coefficient (RZ), the kinetic equation model for
the degradation of benzene was found in zero-
order with reaction limited. The determination
coefficient (R) was 0.4512 with the first order

reaction rate constant (k;) of 0.0006 s

For xylene, the tests for the kinetic
equations are as shown in Figure 10, Figure 11
and Figure 12. The kinetic equation model of the
degradation of xylene was found in zero-order
with reaction limited with the determination
coefficient (RY) of 0.2575 and the zero order

reaction rate constant (k,) of 0.0006 st
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Figure 4 Plotting C,-C vs EBRT for testing the
kinetic on zero order with reaction

limited of hydrogen sulfide
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Table 1 Summary of the study of the degradation kinetic of hydrogen sulfide, benzene and xylene

Determination
Degradation Kinetic Equation k . 2
coefficient, (R)
Hydrogen sulfide
Zero order reaction limited 0-C = kot ko = 0.0159 ppm. s 0.4981
Zero order diffusion limited | (1- (C/CO) ) x CO %) = Bﬂ [3 =0.0015 |o|omo'5,§l 0.4815
First order reaction In (C/Cy) = -ky.t k, = -0.0006 s 0.4512
Benzene
Zero order reaction limited | Cy-C = kot ko = 0.0219 ppm. s 0.2575
Zero order diffusion limited (1-(C/CO)O‘5) X (COO‘5) =B.t | B,=0.0011 p|omo‘5,5'1 0.2460
First order reaction In (C/Cy) = k.t k, = -0.0002 s 0.2328
Xylene
Zero order reaction limited 0-C = kot ko = 0.0458 ppp. s 0.6438
Zero order diffusion limited | (14(C/Cy)"*) x () = Byt | By = 0.0018 ppm™’s” 0.6325
First order reaction In (C/Cy) = k.t k, = -0.0003 s 0.5567

From the results of the kinetic study of
hydrogen sulfide gas degradation and benzene,
xylene in the lab-scale bio-filter using bacteria
isolated from the wastewater treatment plant of
a petrochemical industry in the group P.
aeruginosa S19 and B. cereus O5-1/ 1 found that

the kinetics of hydrogen sulfide, benzene and

xylene was a zero order reaction which was
limited by the degradation reaction of bacteria
which can be summarized as in Table 1.

The study of kinetic decomposition of
hydrogen sulfide, benzene and xylene in a
lab-scale bio-filter using bacteria (P. aeruginosa
S19 and B. cereus 05-1 / 1) isolated from the
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wastewater treatment plant of a petrochemical
industry were studied. Synthetic polluted air
were generated by mixing cleaned air with
sulfide,
According to the result of the study, the kinetic

hydrogen benzene and xylene.
of the degradation of hydrogen sulfide, benzene
and xylene in the biofilter were zero-order
reaction which was limited by bacterial
degradation reaction. The kinetic equations were
Co‘c =

constants (kg) for these kinetic equations were:

k;t. The =zero order reaction rate

- Hydrogen sulfide, k, = 0.0159 ppm. s

- Benzene, ko = 0.0219 ppm. s
- Xylene, ko = 0.0458 ppm. s .
References

[1]  Noll KE. 1999. Fundamental of Air Quality

United States: An
Academy of Environmental Engineering.

[2]  Theodore L. 2008. Air Pollution Control
Equipment. Canada: John Wiley & Sons,

System. American

Inc.

[3] Shareefdeen Z. and Singh A. 2005.
Biotechnology for Odor and Air Pollution
Control. Heidelberg: Springer-Verlag Berlin

Heidelberg.
[4] Gupte A, Tripathi A, Patel H, Rudakiya D,
Gupte S.  2016. Bioremediation  of

Polycyclic Aromatic Hydrocarbon (PAHs): A

Perspective. The Open

Journal. 10 Suppl 2: 363-378.
[5] Hassanshahian M, Abarian M, Cappello S.

Biotechnology

2015.  Biodegradation  of  Aromatic
Compounds [Internet]. London: InTech;
[cited 2019 Jul 5]. Available from:

https://www.intechopen.com/books/biode
gradation-and-bioremediation-of-polluted-
systems-new-advances-and-technologies/

biodegradation-of-aromatic-compounds.

(6]

Wani AH, Branion RMR. Lau AK. 1997.
Biofiltration
effective control technology for Odors,
VOCs and air

Environmental Science and Health. Part A:

A promising and cost-

toxics.  Journal  of
Environmental Science and Engineering
and Toxicology. 32(7): 2027-2055.

Zillia M, Guarinoa C, Daffonchiob D, Borin
S, Converti A. 2005.
experiments with a powdered compost
biofilter
Process Biochemistry. 40(6): 2035-2043.
Suadee W, Pharamat T, Motina K,
Suwannachot S, Thummadetsak G,

Rotwiroon P. 2013. Isolation of Bacteria

Laboratory-scale

treating benzene-polluted air.

from Microorganisms in a Commercial
Biofiltration System Using for a Low
Concentration VOCs Air Pollution Control
Plant.
Proceeding, 12™ National Environmental
Conference, March 27-29, 2013.

Pharamat T, Motina K, Suwannachot S,
Thummadetsak G,
Suadee W. 2015.
Benzene, Toluene,
Xylene (BTEX) by Bacteria Isolated from
Petrochemical Waste, Thai Environmental

19(1):

System in a Petrochemical

Rotwiroon P and
Biodegradation  of

Ethylbenzene and

Engineering Journal,
2015, 11-18.

Patinya S. 2014. A Study of the Bacteria
on Synthetic Media for

January-April

Immobilizations
using in Biofilter. At 26" Environmental
Technology  Conference,  Environmental
Engineering Association of Thailand, Bangkok,
Thailand on 11-12 December 2014.

Yang Y, Allen ER. 1994. Biofiltration Control
Sulfide
Operational Parameters. Journal of the
Air & Waste Managent Association. 44(7):

863-868.

of  Hydrogen 1. Design  and



Thai Environmental Engineering Journal Vol. 34 No. 1 (2020)

(12]

Yang Y, Allen ER. 1994. Biofiltration Control
of Hydrogen Sulfide 2. Kinetics, Biofilter
Performance, and Maintenance. Journal of
Air & Waste Management Association.
44(11): 1315-1321.

Shareefdeen ZM, Ahmed W, Aidan A. 2011.
Kinetics and Modeling of H,S Removal in a
Biofilter. in  Chemical
Engineering and Science. 1(2): 72-76.

Novel Advances

(14]

65

Abumaizar RJ, Smith EH and Kocher W.
1997. Analytical Model of Dual-Media
Biofilter for Removal of Organic Air
Pollutants. Journal of
Engineering. 123(6): 606-614.

Environmental



