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Biofiltration of process waste—-gas streams using microorganisms attached to porous support matrix, at low
concentrations and high gas flow rates, has gained importance as a versatile treatment technology ever since the
Clean Air Act Amendments (1990), by the US — EPA came into existence. In this study, we evaluated the potential of
a laboratory—scale biofilter, inoculated with mixed culture, to remove gas—phase benzene from a synthetic waste gas
stream. Experiments were conducted in three different phases, after the acclimatization step, corresponding to empty
bed residence times (EBRT) varying between 0.81-2.45 min and benzene concentrations up to 1.7 g/m°. At high
concentrations, significant reduction in removal efficiency was observed, which may be due to insufficient biomassin
the filter bed to utilize the substrate, or due to substrate inhibition at high concentrations. Removal efficiencies higher
than 90% were achieved for inlet benzene loading rates lesser than 40 g/m>.hr.
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TPETMAH HA BEH3EHCKU ITAPEUN O/l 3ATAJEHA BO3QYIIHA CTPYJA
CO JABAPOTOPUCKU KOMITIO3UTEH BUOPWNITEP

IIpouecot Ha GuouITpalyja Ha OTIAHA TACHU CTPYH CO KOPHCTEH¢ Ha MUKPOOPTaHM3MHU MPULBP-
CTCHM Ha TIOPO3HA MAaTPHIIA, IPU HUCKU KOHICHTPAIMU U TOJIEMH MMPOTOIM Ha TacoT, CTAaHyBa 3HAYacH KaKo
NpUJIAro[JinBa TEXHOJOTHja ofKako Oerre npepioxen Clean Air Act Amendments (1990) op EITA, CAJI. Bo
OBaa CTy/Mja ce WCIHUTYBa MOTCHIHU]allOT Ha 1abopaTopucKu Gu(UITep, 3a 1a ce u3Bleye OCH3EH BO racHa
¢daza oy cuHTEeTHYKA OTHAJHA racHa cTpyja. EkciepuMeHTHTe Gea u3BelyBaHW BO TPHU pa3iuvHu (pasu, Mo
YEeKOpPOT Ha aKJIMMaTH3alyja, Koja IITO OJroBapa Ha BpeMe Ha TpecToj mpu npaseH cnoj (EBRT) koe mmro
Bapupa ox 0,81 mo 2,45 MUH ¥ KOHI|EeHTpauuu Ha GeH3eHOT jo0 1,7 g/m3. [Ipu Bucokm KoHIEHTpamyn, Oerre
3abesekaHo 3HAYAjHO CMallyBame Ha €(PUKACHOCTA HAa M3BICKYBAaWETO, KOE MOXKE jla Ouje mopagn Heo-
BOJTHaTa GMoMaca BO (PUIITEPOT 3a fla O MCKOPUCTH CYIICTPATOT WIIU TOPA WHXUOUIMja TIPU BUCOKU KOH-
HeHTpanuu. Belle MOCTHrHATA €(PUKACHOCT Ha W3BJIEKyBame MOBUCOKA off 90% 3a modveTHW Op3MHU Ha
GenseHoT momanu o 40 g/m° h.

Knyunn 36opoBu: 6uocunrep; 6eH3eH; nepdopmacy; epUKacCHOCT Ha U3BIEKYBamkhEe; KalalUTeT Ha
eNMMUHaIyja

1. INTRODUCTION

Benzene is an important chemical feedstock,
which isused as araw material for the synthesis of
fine chemicals and many dye components. Due to
improper practices and treatment, a substantial
amount of vapors containing benzene are being re-

leased to the ambient atmosphere from the process
industries. Benzene is reported to have significant
effect on human health and the natural environment
[1]. This has led to increased attention from the
regulatory authorities and continuous development
of the existing control technologies. Biodegradation
is a promising alternative for the mineralization of
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volatile organic compounds (VOCs). The most
widely used biological processes for waste gas
treatment are bio—scrubbing, trickling biofilters, and
biofilters. The simplicity in operation makes the
biofilters a practical and viable treatment option.
Biofilters have also proven to be effective in treat-
ing large volumes of VOCs at relatively low con-
centrations [2]. A complex phenomenological step
consisting of adsorption, absorption, diffusion and
biodegradation takes place in a biofilter where the
pollutant is converted to non-toxic end products
[3]. Furthermore, the removal and oxidation rates
of these hazardous contaminants depend princi-
pally on the biodegradability, reactivity and largely
on the solubility of the pollutant in the liquid layer
of the biofilm. Biofiltration studies have been per-
formed with a wide variety of pollutants having
different degradation rates. Removal of ethanol
vapors was studied in a compost biofilter that gave
a maximum EC of 195 g/ms.hr, and results from
transient behavior studies have demonstrated a sta-
ble biomass activity [4]. Lab scale studies for the
removal of toluene vapors in a compost biofilter has
shown a maximum elimination capacity (EC) of
128.1 g/m>.hr and when tested with an actual in-
dustrial gas mixture containing toluene and ben-
zene showed high removal efficiencies [5]. The
removal characteristics for mixtures of NH; and
H.S in a biofilter packed with a novel biomedia en-
capsulated with an organic polymer showed stable
removal efficiencies greater than 99% for 60 days
[6]. These experimental studies have proven that
biofiltration is an efficient waste gas treatment
process and a reliable technology for the control of
VOCs. This paper presents the performance of a
compost-based mixed culture biofilter treating ben-
zene vapors at high concentrations.

2. MATERIALSAND METHODS
2.1 Microbial seed

A mixed microbia culture obtained from a
municipal sewage treatment plant was acclima-
tized with benzene as the carbon source in a well
defined mineral salt medium [5]. This culture was
used to inocul ate the biofilter.

2.2 Biofilter

The biofilter was constructed from acrylic
tube (5 cm diameter and 70 cm height). The pack-
ing in the biofilter consisted of a mixture of sieved

compost (36 mm) and ceramic beads (4—6 mm).
A perforated plate at the bottom provided the sup-
port for the packing while the addition of ceramic
beads provided the structural strength for the
packed bed. Gas sampling ports sealed with rubber
septa were provided at equal intervals along the
biofilter height.

2.3 Experimental

A schematic of the experimental setup is
given in Figure 1. Liquid benzene placed in a
trough, was vaporized and humidified at constant
air flow rate, controlled through valves and was
passed through the bed in an up — flow mode. The
compost—based filter bed was inoculated with ben-
zene acclimatized mixed culture, that was initially
grown under batch conditions in 250 ml Erlen-
meyer flasks, at 30 °C and with initial benzene
concentrations of 150 mg/l. The bed moisture con-
tent was maintained periodically by adding fresh
mineral salt medium from the top of the bioreactor.
The leachate generated was removed with the help
of a port at the bottom. Experiments were carried
out by varying the flow rates of the benzene vapors
and humidified air, independently to get different
initial concentrations and empty-bed residence
times in the biofilter. Gas samples were collected
from different ports and analyzed for residua ben-
zene concentration.
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Fig. 1. Schematic of the experimental biofilter setup
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2.4. Analytical methods

The benzene concentration in the gas samples
were measured by gas chromatography (Model
5765, Nucon gas chromatograph, Nucon Eng. In-
dia) fitted with a stainless steel column and a
flame ionization detector. Nitrogen was employed
as the carrier gas at a flow rate of 20 ml/min. The
temperatures at the GC injection, oven, and detec-
tion ports were 150, 120, and 250°C respectively.

3. RESULTS AND DISCUSSION

The performance of the biofilter was evalu-
ated in terms of two parameters, the removal effi-
ciency (RE, %) and the elimination capacity of the
filter bed (EC, g/m>.hr), which can be represented
by,

-C

C
RE=—9 99,100 (1)
gi

EC = Q(Cgiv_ Cgo) (2)

Where, Cg and Cy are the inlet and outlet
benzene concentration in the biofilter, g/m3, V is
the volume of the filter bed, m®> and Q isthe gas
flow rate, m*/hr.

The biofilter was initially acclimatized by op-
erating the biofilter at low concentrations (0.04 —
0.07 g/m® and low gas flow rates of 0.06 m*hr for
45 days to obtain sufficient biomass concentration
in the filter bed. The degree of acclimatization
primarily depends on the adaptive capability of the
microorganisms present in the compost or peat,
substrate concentrations, nutrient concentration,
and its availability and other necessary environ-
mental conditions. However, the efficient func-
tioning of any biofilter unit strongly depends on
the inlet pollutant load [7]. The combined effect of
benzene inlet concentration and gas flow rate was
investigated in three phases (I, Il and Ill) as de-
scribed in Table 1 and the results are shown in
Figure 2. It can be observed that the biofilter oper-
ated at high efficiencies (60 — 90%) up to an initial
concentration of about 1.6 g/m®. The outlet con-
centration remained fairly uniform even when the
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inlet concentrations were fluctuating. At higher
concentrations, the removal efficiency decreased
rapidly to 40%. Similarly, the removal efficiency
decreased with increase in flow rate. Figure 3
shows the effect of inlet concentration on the re-
moval efficiency throughout the experimental pe-
riod. Higher concentrations show a significant re-
duction in removal efficiency, which may be due
to insufficient biomass in the filter bed to utilize
the substrate, or due to substrate inhibition at high
concentrations. Moreover, the removal profiles of
benzene vapor at higher concentrations suggest
that the biomass concentration in the filter bed
may be the limiting factor. The elimination capac-
ity, which reflects the capacity of the biofilter to
remove the pollutants, is plotted as a function of
the inlet benzene load in Figure 4. A near linear
relation between the two variables was observed
up to an inlet load of 40 g/m®hr, which corre-
sponded to phase | and phase Il operations. How-
ever for higher initial concentration and higher
flow rate used in phase 11, the elimination capac-
ity of the filter bed increased initially and soon
became constant at higher inlet loads. At inlet
loads beyond 60 g/m®.hr and up to 130 g/m°.hr, the
EC remained nearly constant between 30 —
65 g/m>.hr. The biofilter was able to achieve a
maximum removal capacity of 64.8 g/m’.hr at an
inlet load of 124.8 g/m>.h. This trend also substan-
tiates the fact that biomass concentrations may be
the limiting factor in benzene removal at higher
concentrations. The results from this study were
comparable to some of the studies reported in lit-
erature using compost biofilters. The dynamics of
benzene removal was revealed by plotting the
normalized benzene concentration profiles as a
function of the biofilter height (Figure 5). The re-
sults indicate that the removal is more efficient in
the lower part of the biofilter than in the upper part
of the filter. Nearly 40% of benzene was removed
in the first 20 cm of the bed height, while the rest
of the 30 cm removed only an additional 20 —
25%. This may be due to a higher concentration of
microbial population and higher moisture content
[8] in the lower section of the filter bed. Zilli et al
[9] had shown that higher biomass concentration
near the inlet of the biofilter was due to the higher
benzene loading rates in the inlet zone that stimu-
lated the pollutant bio—oxidation and cell devel-
opment. The results from their study showed a
maximum removal capacity of 20.1 g/m*.hr at ben-
zene — loading rate of 24.8 g/m®.hr.
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Fig. 2. Variation in removal efficiency with change in gas flow rate and inlet benzene concentrations.
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4. CONCLUSION

The performance of the biofilter was assessed
by studying the effects of flow rate and inlet ben-
zene concentration on the removal efficiency and
elimination capacities of the filter bed. The biofil-
ter attained a maximum elimination capacity of
64.8 g/m>.hr at an inlet load of 124.8 g/m®.hr. The
removal efficiencies were greater than 80% when
the gas flow rate was 0.024 m*hr and the inlet
concentration was less than 0.5 g/m®. The results
presented here suggest that the compost biofilter
system, subject to further optimization, could offer
enormous potential for the biological removal of
vapor phase benzene from industrial emissions.
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