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ABSTRACT
In the present work, biofiltration of xylene vapors has been investigated on a

laboratory scale biofilter packed with sugarcane baggass as filter material inoculated with
activated sludge from pharmaceutical industry. Four various gas flow rates, i.e. 0.03, 0.06,
0.09 and 0.12 m3h-1, were tested for inlet xylene concentration ranging from 0.2 to 1.2gm-3.
The biofilter proved to be highly efficient in the removal of xylene at a gas flow rate of 0.2
m3h-1 corresponding to a gas residence time of 2.8min. For all the tested inlet concentrations,
the removal efficiency decreased for high gas flow rates. For all the tested gas flow rates,
a decrease in the removal efficiency was noticed for high xylene inlet concentration. The
follow-up of carbon dioxide concentration profile through the biofilter revealed that the
mass ratio of carbon dioxide produced to the xylene removed was approximately 2.52,
which confirms complete degradation of xylene if one considers the fraction of the consumed
organic carbon used for the microbial growth.

Key Words : Biofiltration, Sugarcane baggase, Xylene, Gas flowrate,
Production of Carbon dioxide.
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INTRODUCTION
The atmospheric emissions of Volatile

Organic Compounds (VOCs) represent a
major contributor to the deterioration of air
quality and pollution of the environment.
Among these VOCs,  xylene (or
dimethylbenzene) is a hazardous chemical that
can be found in many consumer products such
as paints, lacquers, varnishes, adhesives,
cements, inks and dyes, cleaners and
degreasers, aviation gasoline, etc. It is also used
in the manufacture of plastics and synthetic
fibers, insecticides and pesticides, leather
goods, and other chemicals. A considerable
share (over 60%) of the total emissions of

xylene into the atmosphere originates from
industrial facilities. Biofiltration is a pollution
control technique using living material to filter
or chemically process pollutants. When applied
to air filtration and purification, biofilters use
microorganisms to remove pollution. The air
flows through a packed bed and the pollutant
transfers into a thin biofilm on the surface of
the packing materia l. Microorganisms,
including bacteria and fungi, immobilised in the
biofilm, degrade the pollutant. VOCs transfer
from the gas phase into the aqueous and solid
phases where microorganisms biodegrade
VOCs into environmentally harmless end
products, such as carbon dioxide, water and
biomass. During long-term operation of
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biofilters, especially with high VOCs load,
biofilters might suffer from dryness of packing
media, acidification and nutrient limitation,
which reduce microbial activity to influence the
removal of VOCs. Therefore, in long-term
operation of biofilter with high VOCs load,
high efficiency of biofilter is related to
various performance parameters such as
characteristics of packing media, water content
of support media1–3, pH of media4, addition of
nutrient5,6 and temperature7. Xylene is a clear,
colorless and hydrophobic liquid that has a
characteristic pungent odor. It is an important
chemical, and used widely as a solvent in the
printing, rubber, leather, painting and varnishing
industries. Xylene isomers have been listed as
hazardous and toxic atmospheric contaminants
under CAAA (Clean Air Act Amendments of
1990, USA). The present paper describes the
effects of various xylene inlet concentrations;
gas flow rates and height of the biofilter on the
performance of biofilter, using sugarcane
baggasse as a packing media and evaluated
the production of carbon dioxide during biofilter
operation.

MATERIAL AND METHODS
Biofilter operation

The experimental set-up of the biofilter
used for xylene removal is shown in Fig. 1. It
was made of acrylic tube and had a length of
100 cm and internal diameter of 5 cm A 10 cm
headspace was designed for the outlet of
treated gas and housing a nutrient spray nozzle,
and a 10 cm bottom space was designed for
the xylene waste gas inlet and leachate. There
were tthree sampling ports P1, P2 and P3 at
25, 50 and 75 cm from the bottom respectively.
The biofilter was filled with 1.47 L of packing
material consisting of sugarcane bagasse with
a specific gravity 2.514, equivalent-diameter
of 1-2 cm and porosity of 66.1%. In order to
support the filter  bed and to ensure
homogeneous radial distribution of input gas,
an acrylic plastic mesh was installed at the

bottom section. These supports were
reinforced with other acrylic plate (fixed in
pipe) in order to bear the weight of wet filter
material. The packing material was inoculated
with wastewater sludge from pharmaceuticals
industry. At first, compressed air was passed
through a filter to remove particulate matter.
After purification, the air stream was distributed
to humidifier and xylene bottle. Then,
humidified air and xylene vapour were mixed
in a mixing chamber and the mixture was
passed through the packed bed. xylene
concentration in the air stream was varied by
adjusting the flow rates of the air stream
passing through the water and the xylene
solution. The biofilter was operated at various
inlet xylene concentrations and gas flow rates.
Samples were collected at regular interval
from the inlet, outlet as well as from the various
sampling ports using an airtight syringe and
analyzed for residual xylene. The nutrient
solution was changed twice a week. The
composition of the nutrient solution is given in
Table 1.
Analytical methods

Concentrations of xylene gas were
analyzed by using a Nucon Eng., India Limited
(Nucon-Model 5765) gas chromatograph
equipped poropak-Q column (1/80” ID, liquid-
10% FFAP, solid-Ch-WIHP, 80/100 mesh). The
injector, oven and detector temperature were
maintained at 210, 180, and 230°C, respectively.
The hydrogen gas was used as the fuel and
nitrogen was used as the carrier gas at a flow
rate of 20mLmin–1. CO2 concentration was
determined by using the same GC equipped
with a Porapack Q column (2 m length, 1/8 in.
ID, 80/100 mesh) and thermal conductivity
detector (TCD). The calibration curve was
prepared by injecting known amounts of the
xylene into a sealed bottle equipped with a
Teflon septum according to the standard
procedure8.
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Fig. 1 : Biofiltration unit  R-Rotameter, P1, P2 and P3- Sampling Ports, V1 and V2- Values,
D1-Air distributor, D2-Nutrient Distributor
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Performance evaluation
The performance of the biofilter was

evaluated by the following performance
parameters, xylene Inlet Load (IL), g.m–3h–1,
Removal Efficiency (RE), %, Elimination
Capacity (EC), gm-3 h-1. The definitions for
these parameters are shown in Table2.

RESULTS AND DISCUSSION
Influence of xylene inlet concentration

Biofiltration of xylene vapors emissions
was carried out over a period of 160 days at
various operating conditions. Four various gas

flow rates were tested: 0.03, 0.06, 0.09 and
0.12m3h–1,  corresponding to Empty Bed
Residence Times (EBRT) of 2.8, 1.47, 0.93
and 0.7 min respectively. The xylene inlet
concentration was also varied in the range of
0.2–1.2 g.m–3.  During the 160 days of
operation, each set of operating conditions (gas
flow rate and xylene inlet concentration) was
tested at various discontinuous periods of time
to insure the accuracy of the experimental
results. Each experiment was run at a given
inlet xylene concentration and gas flow rate
for a period of about 10 days. The duration of



Journal of Environmental Researh And Development      Vol. 2 No. 2, October-December 2007

191

the starting abiotic removal due to physical
absorption or adsorption by the packed bed was
evaluated during the start–up phase through
control columns without biofilm. Under the
same conditions of moisture content (50%), the
breakthrough occurred after 1 hour with the
sugarcane baggase, thus demonstrating the

lower water retention capacity of the former
material. To prevent an excess substrate shock
to the microflora, the first series of tests was
carried out, operating at the lowest gas flow
rate (0.03m3h–1) as well at the lowest xylene
concentration (0.2 g m–3).

Chemical Composition Concentration

KH2PO4 1.19 g L-1

Na2HPO4.12H2O 3.13 g L-1

KNO3 3.88 g L-1

(NH4)2SO4 2.58 g L-1

FeSO4 0.28 g L-1

MgSO4. 7H2O 0.35 g L-1

NaHCO3 0.90 g L-1

MnSO4 1.52 mg L-1

Na2MoO4 1.0 mg L-1

CaCl2 3.0 mg L-1

Table 1 : Chemical composition of the nutrient solution

Table 2 : Performance Equation of Biofilter
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Only 2-4 days of continuous operation
were needed to reach nearly constant values
of degradation efficiency under these
conditions, due to the progressive microflora
adaptation to the operative conditions. The final
RE settled again close to 98% as the result of
the biological activity, which indicated
biofiltration is a really efficient technique in the
control of waste gases containing xylene at low
concentrations.

The second, third and fourth series of
experiment were performed by maintaining
constant inlet xylene concentrations of 0.4, 0.6,
0.8 and 1.2 g m–3, With each inlet xylene
concentration, four different flow rates of 0.03,
0.06, 0.09 and 0.12 m3h–1 were tried. The RE
was satisfactory and the system proved very
stable during the whole experimental
investigation, thus demonstrating the high

capacity of the cells to withstand a wide
variation in pollutant concentration as well the
relative resistance of the selected sludge to
such a toxic VOC like xylene. Steady state
was assumed to be achieved when the removal
efficiency under given operating conditions
kept nearly constant for at least five days. The
result obtained during the overall experimental
study showed that xylene removal efficiency,
decreased either with increasing xylene inlet
concentration or with decreasing EBRT, which
is shown in Fig. 2. The results collected
evidenced that the elimination capacity
increased regularly with the organic load,
Similar observations were reported for benzene
removal3. In this sugarcane baggassebased
biofilters, the elimination capacity linearly
increased up to an organic load 8.15 g.m–3h–1,
while beyond this value it increased more

Fig.  2 : Experimental results of continuous tests of xylene removal from air stream using sugarcane
baggasse as packing material. Gas flow rate of (a) 0.03m3h–1 (b) 0.06 m3h–1 (c) 0.09 m3h–1 (d) 0.12 m3h–1

slowly and reached a maximum. At loads higher
than 10-13 g.m–3h–1, xylene availability to the
microbial system became inhibitory in biofilter
column and the elimination capacity decreased.
The maximum elimination capacities obtained
in this work are higher than the values reported
earlier9 using mixed compost and activated

carbon as packing material.
Influence of gas flow rate

One of the important hydrodynamic
parameters in the biofilter is input gas flow rate
because it quantifies the amount of pollutant
(xylene loading in the present case), which is
to be treated per unit time. The gas flow rate
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is an important parameter in biofiltration
process. In present study, four levels of gas
rate, i.e. 0.03, 0.06, 0.09, and 0.12 m3h–1, were
investigated. Fig. 3 describes the removal
efficiency of xylene versus inlet xylene
concentration. As shown in Fig. 3., the removal
efficiency was 98 % at a gas flow rate of 0.03
m3h–1 at an inlet concentration of 0.2 g.m–3.

When the inlet concentration of xylene was
increased at constant flow rate of 0.03 m3h–1,
a decrease in removal efficiency was
observed.  At a gas flow rate of 0.06 m3h–1

and at an inlet concentration of 0.2 g.m–3, the
removal efficiency was found to be 93 %. But,
when the inlet xylene concentration was
increased to 1.2 g.m–3without changing the gas
flow rate, significant drop in removal efficiency
(i.e., from 93 to 50%) was observed.  At higher
gas flow rates 0.09 and 0.12 m3h–1 the
maximum xylene removal efficiencies were
found to be 73 % and 63 % respectively at an
intial xylene concentration of 0.2g.m–3. With a
higher inlet xylene concentration of 1.2g.m-3,
very low efficiencies (i.e. Less than 31 %)

were observed in the gas flow rate range of
0.09 – 0.12 m3h–1, Thus, low values of gas flow
rates (i.e.  high values of EBRT) were
favorable for degradation because the contact
time between the microorganisms and xylene
was increased. Thus, low values of gas flow
rates (i.e.  high values of EBRT) were
favorable for degradation because the contact

time between the microorganisms and xylene
was increased. For high values of gas flow
rates corresponding to low values of EBRT
the contact time between the microorganisms
and xylene was too low. Similar fluctuations in
the biofilter performance for toluene removal
have been reported10.
Effect of Bed height

In order to understand the dynamics of
xylene removal, the normalized xylene
concentration profiles at a different flowrates
of 0.03,0.06, 0.09 and 0.12 m3h–1 for different
xylene inlet concentration of 0.2,0.4,0.8 and 1.2
g.m-3 were obtained as a function of the biofilter
height. The results presented in Fig. 4 indicate
that the removal is more efficient in the lower

Fig. 3 : Removal efficiency of xylene at the exit of the biofilter vs. Xylene inlet
concentration for various EBRTs
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part of the biofilter than in the upper part of
the filter. Nearly 60% of the xylene was
removed in the first 25 cm of the bed height,
while the rest of the 50 cm removed only an
additional 20–25%. This may be due to a higher
concentration of microbial population and
higher moisture content in the lower section of
the filter bed. Similar dynamics reported in the
benzene removal using municipal sludge as a
filter medium11.
Carbon dioxide production on biofilter
performance

In the biofiltration process, xylene is
converted under aerobic conditions to carbon
dioxide, water, and biomass. Hence, monitoring
the carbon dioxide concentration in the gas
phase provides valuable information on the
operation of the biofilter and on the extent of
mineralization of the pollutant. The ratio of

daily measurements of the carbon dioxide
production and removal of xylene are
summarized in Fig. 4. The measurements in
Fig. 4 show that this ratio was rather constant.
Experimental data reveal that the variation of
RCO2 versus RC10H16 is sensibly linear. The
linear equation obtained from experimental
data was formulated as PCO2 = 3.08EC.
When the value of EC was zero (i.e. no carbon
source was introduced into the biofilter), with
a correlation coefficient of 0.9742. This PCO2
produced was likely due to endogenous
respiration of microorganism populations that
did not utilize xylene as carbon source and the
desorption of CO2 generated by xylene
biodegradation from the packing media.
The ratio of the production of CO2 to xylene
consumed (EC) was approximately 3.08.
Similar a situation was reported12.

y = 2.5368x
R2 = 0.8811
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Fig. 5 : Axial variation of normalized concentration at different initial concentration of pollutant
(a) Flow rate = 0.03 m3h-1, (b) Flow rate =0.06 m3h-1 (c) Flow rate = 0.09 m3h-1

(d) Flow rate  =  0.12 m3h-1.

CONCLUSION
An experimental study on the removal

of xylene vapors from an air stream was
conducted on an upflow laboratory scale
biofilter using sugarcane baggasse as filter
media over a period of 160 days. In this study,
the biofiltration column was fed with an air
stream characterized with a xylene inlet
concentration range of 0.2 – 1.2 g.m–3 and the
different empty bed residence time of the
injected air stream was 2.8, 1.47, 0.93 and 0.7
min.  The maximum removal efficiency
obtained was 98, 82, 75 and 65 % for gas flow
rates of 0.03, 0.06, 0.09 and 0.12 m3h–1,

respectively. The result concluded during the
overall experimental study showed that xylene
removal efficiency decreased, either with
increasing inlet xylene concentration or with
decreasing EBRT. In order to understand the
dynamics of xylene removal, steady state
normalized concentration versus bed height
plots at different initial concentrations was
given. It was found to be nearly linear at lower
flow rate and slightly exponential at higher flow
rate.

The important data collected on carbon
dioxide concentration profile through the
biofilter revealed that the follow-up of the
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carbon dioxide production provides a reliable
means for monitoring the biofiltra tion
performance.  The carbon dioxide
concentration in the gas phase was measured
at the inlet and exit of the biofiltration column.
For all the experimental conditions, the quantity
of carbon dioxide produced was approximately
2.52 times the xylene elimination capacity. The
stoichiometric ratio for complete oxidation of
xylene being 3.3, the small deficit in carbon
dioxide production can reasonably be attributed
to the use of a fraction of consumed organic
carbon for the microbial growth in the biofilm.
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