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ABSTRACT

The objective of this work was to determine thiiémfce of microbial inoculation on degradation @fncy. Three
biofilters were used for the treatment of waste. gasnixture of compost and perlite (8:2) servedtas packing
material. One biofilter was inoculated with a camsted microbial population. The second remainethoculated,
having the natural population present in the contp®ke third biofilter was uninoculated and the kimg material

was sterilized. The degradation ability of the wunlated biofilter started to drop after 18 daysile the removal
efficiency of inoculated biofilter was stable. Téterile biofilter proved to have no removal effitig. Moisture
content of the packing and ability of the packiogkeep moisture was tested. The results showednifisant

dependence of the degradation efficiency on th&ipganoisture content, with highest removal efficieobserved
at 70 % moisture content.
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INTRODUCTION temperature should be controlled (Morales et al.,
2003). Biodegradation rates in the biofilm are
Toluene and other monoaromatic compounds sudhmited either by microbial activity or contaminant
benzene, ethylbenzene and xylenes (BTEX) ardiffusion through the biofilm and thus, in cases
commonly found in gasoline-contaminated sitesvhere diffusion is not limiting, biofilters with
(EPA 1995). The presence of BTEX compounds inncreased microbial activity should have a superior
the environment is a major concern because dgferformance.
their toxicity (Matteau and Ramsay 1997).Moisture content of the biofilter bed is one of the
Biofiltration systems can effectively remove most important parameters of biofiltration process.
odours and volatile organic compounds (VOCsyhe optimum moisture of the packing based on
from diluted air streams at a relatively low cost agompost is reported as between 40 and 60 %
compared with other alternatives. Biofilters can(Morales at al., 2003, De Heyder et al., 1994). Bed
operate for several years with minimummoisture content of less than 40 % causes a
maintenance. To sustain high removal efficiencysignificant drop in the elimination capacity. The
parameters such as water content, nutriersirying of the biofilter bed may be caused by low
concentration, pH, inlet air relative humidity, andinlet gas humidity (lower than 100 %), changes of
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inlet gas temperatures and heating of the biofilteMATERIALS AND METHODS

bed by exothermic biodegradation processes or the

sun or ambient temperature (Morales et al., 2003 schematic diagram of the biofilter is shown in
Kinney et al., 1999). In contrast to low moisture,Fig. 1. The bioreactor was constructed of glass
too high a moisture content leads to higher bedolumn 50 cm high with an internal diameter of 50
pressure drop, worse mass transfer (creation @fim. The packing material was a 8:2 mixture of
zones with deficiency of oxygen, minerals andcompost and perlite. The packed bed height was
carbon and energy sources) and bed compactiehe column’s full 50 cm, giving a reactor volume
(Abumaizar et al., 1998). of 9.8.10" m®,

9 10

4 f 6 7

2

1
1 | ¥ ot

3 19

Figure 1 - Experimental set-up of biofilter system. 1 - blow2r- needle valve for flow rate
control, 3 - humidification vessel, 4 - vessel witluene and xylene, 5 - syringe
pump, 6 - rotameter, 7 - biofilter, 8 - packing, ®ampling ports, 10 - manometer, 11 -
valve for leachate, 12 - outlet

The mixed microbial culture used to inoculate theand 1 mL/L trace elements. Sterile MM was added
biofilter was comprised of five species, including:once per week.

Sphingobacterium  multivorum (G rods) The synthetic waste gas influent included toluene
Comamonas testosterof" rods) Pseudomonas and xylene (technical grade). The VOCs in the
putida (G rods), Pseudomonas fluoresce{&  gas phase were measured using an Agilent 6890 N
rods) and Chryseobacterium indologene$G  gas chromatograph equipped with an ultra alloy-5
rods) All the bacterial strains were primary (5 % phenylmethylsilicone) capillary column 30 m
toluene and xylene degraders (i.e. each strain was length, 0.53 mm inner, and with a Jub film
able to use the individual pollutants as the sol¢hickness (Quadrex Corp., UA5 - 30V - 1.5 F,
carbon and energy source for growthifhe New Haven, CT). The carrier gas used was ultra
inoculation suspension was prepared using thre&igh purity argon at a flow rate of 5 ml.rfin
stage submerged cultivations with toluene vapor aetection was accomplished with a flame
the sole carbon and energy source. The mediumnization detector (FID) with ultra high purity
composition for cultivation consisted of (g): hydrogen and breathing quality air at flow rates of
K,;HPQ, 4.3; KHPO, 3.4; KNO; 2; MgCh . 6 28 ml.min® and 315 ml.mifl, respectively. GC
H,O:; 0.34; FeS®6.10% Na,Mo0, 1.10°. operating conditions were: column temperature,
Key biodegradation experimental conditions80 °C; FID temperature, 250 °C.

included: temperature of 22°C, a mineral mediunin this study, the following terms for performance
(MM) for growth which contained 0.75 g/L calculations are defined as:

(NH4),S0O,, 0.37 g/L KNQ, 0.1 g/L NaCl, 0.8 g/L

K,HPO,, 0.6 g/L KHPO,, 0.34 g/L MgC}.6H,0,
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Elimination capacity

Ec =(c, —cout)G\?—b (g > m)
Organic load
oL =c, m\% (g > m?)

b

Removal efficiency

RE -EC (100
oL

(%)

Evolution rate of CO,
COye |- Q
oo )L

b

in

Uco, = (C'COZ(C) -C (gc [ Eh_l)

Ciny Cout - inlet and outlet pollutant or GO
concentration (gm?), Q - air flow rate (mh?),
V,, - filter bed volume (rf).
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filament diameter 0.015 mm). The biofilters were
loaded with a constant inlet concentration of 500 +
50 mg.n?® of both toluene and xylene (1:1 ratio).
The air flow rate was kept constant at 0.5 L.fin
giving a total organic loading of 3Q g® h™.

RESULTS AND DISCUSSION

One biofilter was inoculated with the previously
defined microbial culture; this biofilter was not
sterilized prior to inoculation. The second one
used only the natural microflora present in the
compost packing medium. The third biofilter was
sterilized.

Fig. 2a shows the removal efficiencies of all the
biofilters. The sterile biofilter was not able to
eliminate any toluene or xylene. RE during the
first three days was caused just due to adsorption
by the packing material. After that the RE
decreased to zero.

Experiments were carried out with sterile air flow

using input and output air filters (glass wool,
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Figure 2 - Comparison of performance characteristics for tifferént biocatalysts. a - Removal
efficiency, b - CQ evolution rates - sterilized biofilter,o - uninoculated biofilterA -

inoculated biofilter
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The inoculated biofilter was able after three daysising toluene as the sole source of carbon and
to eliminate about 90 % of the organic load. Theenergy was able to metabolize organic loading for
removal efficiency remained fairly stable at abouta longer period as compared to the natural
85 % during the whole time of experiment. Themicroflora in the compost/perlite material. The
second biofilter, with the natural microflora, induction of enzymes participating in metabolic
showed a similar performance during the firsppathways of aromatic hydrocarbons degradation is
thirty days of the experiment. Thereafter the REbne of the major parameters of a successful
decreased. Clearly the biocatalyst is a keyiodegradation process.

parameter of the process. The inoculum prepared
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Figure 3 - Drying out of the packing at different air flow eato - air flow rate of 1 L.mift
A - air flow rate of 0.5 L.min
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Figure 4 - Effect of the bed humidity on the performance cbimastics. Legends as in Fig. 4
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The decrease in RE is similar to that reported ion the long-term degradation of toluene and

other biofiltration studies (Devinny et al., 1999),xylene. The induction of key enzymes is necessary

which has been attributed to plugging of pordor successful pollutant removal, and in this case

spaces (Marek et al., 1999). the adapted inoculum performed better at longer

The CQ production during aromatics degradationterm than the natural organisms present in the

is shown in Fig. 2b. The quantity of GProduced packing. The volumetric air flow rate in a biofilter

(as carbon) in some cases slightly exceeded tlaso effects drying-out of the packing. A moisture

quantity of contaminant consumed (EC), given theontent of about 70 % was found to be optimal for

carbon loading was 27.8. gn® h'. Excess C@® effective process and plays an important role in

evolution may be due to endogenous decay akaching high values of removal efficiency.

biomass. For steady-state degradation, a 100%

mass balance of inlet and outlet carbon is

expected. If not at steady state, the contamina®{CKNOWLEDGEMENTS
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