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In this work the variation in the toluene elimination
capacity of an airlift bioreactor as a function of the
toluene inlet load, using compost as the support
material for the microorganisms was studied. In order
to evaluate the flexibility of the reactor under changing
toluene load, the toluene biodegradation was measured
for flows from 2.4 x 10% to 0.132 m® h', and a
concentration range from 1.4 to 0.8 g m™. Results show
a 100% removal efficiency (RE) for minor flows,
however, for a flow increase of 450% the RE decreased
40%, reflecting the equipments weak flexibility in

*Corresponding author

varying flows. Meanwhile the maximum elimination
capacity obtained was 230 g m™>h, for toluene loads of
550 g m™h?, corresponding to a flow of 0.132 m® h%. It
was found that a average biomass concentration in
suspension of 3700 g m™, reflected EC's of 203 g m= h™.

Volatile organic compounds (VOC’S) are some of the main
atmospheric emissions along with particle matter. The most
common VOC’S are alcohols, ketones, aliphatic
hydrocarbons and aromatic hydrocarbons BTEX (benzeneg,
toluene, ethylbenzene and xylene isomers) being generated
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Figure 1. Schematic diagram of the experimental system used. Nomenclature: [1] air compressor; [2a, 2b] flow meters; [3] flow
divider; [4] valve; [5] air filter; [6] dilution line; [7] condenser; [8] toluene saturator; [9] gas sample port; [10] mixer; [11] gas sample port;
[12] pH electrode; [13] biomass drain; [14] NaOH supplement; [15] re-circulation of support material; [16] nutrients; [17] thermal dome;

[18] gas sample port.

in chemical industries, chemical petroleum’s, pasta and
adhesive industries, and paint and furniture industries,
among others.

A wide range of treatment technologies have been used in
the VOC’S and volatile inorganic compounds (VIC’s)
elimination, being the biofiltration and biotrickling the most
utilized biological alternatives (Malhautier et al. 2005;
Aroca et al. 2007). Biofiltration is defined as all biological
processes used for the control or treatment of VOC’S and
inorganic compounds present in the gaseous phase. During
the biofiltration process, contaminated air passes through
the macropores of the filtered material, degradation of the
contaminants takes place before they transfer into air and
flow into a liquid film where it is utilized as a carbon and
energy source. When biofiltration and biotrickling systems
operate for long periods of time, multiple problems can
occur (excessive biomass growth, flooding, high pressure
drops, preferential flow channels, formation of anaerobic
zones and drying of support). These problems can be
overcome with the use of airlift bioreactors, when the
elimination of water-soluble compounds is desired and
when the gas-liquid transport limitation is not a problem
(Lo and Hwang, 2004).

Airlift bioreactors are biofilters pertaining to the
bioscrubbers group, which are reactors where the existing
contaminant in the gaseous phase makes contact with a
washing solution (Wubker et al. 1997; Oliveira and de
Franca, 2005). The contaminant is transferred to this
solution where it may or may not be biodegraded. In
traditional bioscrubbers the biodegradation occurs in an
external reactor, whereas in the wash-reaction system it all

occurs in the same reactor. The airlift bioreactor
corresponds to the latter type, where the biomass is found
dispersed in the liquid medium and attached to a support
material, also suspended in the liquid phase.

Airlift bioreactors have been extensively used in water
treatment; however, its application in gas treatment has
been hardly developed (Zuber et al. 1997; Yu et al. 2001).
Lo and Hwang (2004) studied gaseous toluene degradation
in an airlift bioreactor, obtaining removal efficiency of 50
to 90%. Similar results were obtained by Khandan (1997),
for the volatile hydrocarbons elimination, with an operation
flow of 1 L min in a 3-meter high airlift bioreactor, with
temperatures between 20 and 30°C. However, Khandan
(1999) obtained a reduction of 20 to 30% in the toluene RE
in his works with a 10 L min™ flow (an increase of 1000%)
in a similar reactor.

The objective of the present work was to determine the
elimination capacity of the system as a function of the
toluene inlet load in a laboratory airlift bioreactor.

MATERIALS AND METHODS
Microorganisms and support

Microorganisms correspond to native microbial flora in
compost (% in weight: organic carbon, 20%, total nitrogen,
1.7%, P,0s, 2.3%, K0, 1.3% and Ca, 5%). The diameter of
the support particles was selected by sieving through Tyler
standard meshes between 355 and 710 nm (W.S. TYLER
RX-86-3). The compost concentration in the bioreactor was
20 g L*, according to Tijhuis et al. (1995). For the
inoculation preparation of the airlift bioreactor, 200 mL of
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Figure 2. Evolution of the toluene EC in the airlift bioreactor
with a toluene inlet load of 160 (g m®h™).

the cultivation medium was prepared. To this solution was
added 5 g of compost and 10 g sludge of wastewater
treatment. The material was then incubated in a Thermo
Forma incubating shaker, model 420, at 220 rpm and 37°C,
for 15 days (Vergara-Fernandez et al. 2007). A periodic
purge in the bioreactor was done to control the biomass
concentration between 2500 and 8000 g m*,

Mineral medium and carbon source

The mineral medium used for maintenance, growth and
biofiltration experiments was (NH,), SO, 1.14 (g L™),
KH,PO,: 022 (g L%, FeSO,7H,0: 0.092 (g L™
(Khandan, 1999). The model compound utilized as a carbon
and energy source was liquid toluene (Fisher, 99,9%).

Bioreactor

The reactor utilized corresponds to an airlift bioreactor with
a total volume of 3.1 L, with a useful volume of 2 L,
divided into three zones, as Figure 1 shows: (I) Airing of
rising fluid, (I) descending fluid and (lll) liquid-gas
separation zone located at the bioreactor limit, with a
volume of 1.1 L.

The air is fed into the system by a THOMAS TA-3101
compressor [1] at a controlled pressure between 20-30 psi.
The total entry flow into the system is measured with a
Cole-Parmer N082-03 rotameter [2a].

The total feed flow is divided into two streams [3]. One of
these is deviated towards an air filter [5], and the flow
continues towards the toluene saturation system, which
consists of a Pyrex recipient [8], total volume 500 mL,
containing 200 mL liquid toluene. In this stage, the air
coming from the compressor enters a 500 mL condenser
[7], before the saturator, to collect the water and prevent it
from entering the toluene saturator. Here, the liquid toluene
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is kept at 3°C using an ice-based refrigeration system, and
its vapors are picked up by the air stream. The second air
stream is the dilution line [6] and is measured by a Cole-
Parmer N012-10 rotameter [2b]. The two streams are mixed
using a glass mixer [10].

Previous to initiating determination of the toluene load
effect in the operation of the bioreactor, it was operated for
25 days to parameter adjustment and acclimatization of the
microbial flora, until reaching the stationary state of the
system, using a toluene inlet load of 160 g m™ h™. Then, the
biofilter experiment with gas flow between 2.4 x 10 and
0.132 m® h™ was initiated, corresponding to residence time
between 0.18 and 1.1 min, respectively. To evaluate the
influence of toluene inlet load in the elimination capacity of
the biofilter, different concentrations of toluene between 8
and 14 g m™ were tested (toluene inlet load between 160
and 550 g m™ h'*), maintaining a constant gas flow rate.

The results for the reactor experiments were expressed in
terms of the toluene inlet load (TL, g m™ h™), gaseous
toluene elimination capacity (EC, g m™ h') and removal
efficiency (%RE) according to the following equations.

T=2c, [1]
_Q
EC= Vr(c:go -Cy.) [2]
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Figure 3. Evolution of elimination capacity in time and its
relation to the change in temperature of the reactor, to
different flows and work concentrations.
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Where, C4 and Cgy are the toluene inlet and exit
concentrations, respectively (g m®), Q is the air flow (m?
h™) and V, is the useful volume of the bioreactor.

Analytic methods

To determine the concentration of toluene a Varian gas
chromatograph was used, model 3400 CX, equipped with a
flame ionization detector (detection temperature 250°C,
injection temperature 210°C, column temperature 140°C ),
and a capillary column, model SPB-1 (diameter 320 mm;
length 30 m, toluene retention time 0.98 min), using
nitrogen as a carrier gas. The area of the chromatograms
was determined using the Star Chromatography Software,
version 4.0. A 500 mL glass bulb was connected to the
outflow for taking gas samples. The sample was extracted
from the bulb and injected into the chromatograph using a
SGE gas syringe, model P/N 008775. The volume of gas
injected into the chromatograph was 3 mL.

The pH was measured using an Orion 1250-A electrode
connected to a Hanna Instruments HI 1230 measurer and
was kept under control between 6.5 and 7.5 with a solution
of NaOH (1 M) and HCI (1 M). The bioreactor temperature
was kept under control at 35 + 2°C, by means of a thermal-
regulated chamber. The suspended biomass was
determined, prior to sedimentation of the support material,
by a dry weight of 105°C during 24 hrs.

RESULTS AND DISCUSSION
Effect on elimination capacity

Figure 2 shows the start-up results in the airlift bioreactor.
In this Figure 2 is observed that stationary state was
reached in 27 days, with an elimination capacity of 170 g
m>h™. In this moment the study of toluene inlet load effect
on elimination capacity was initiated.

Figure 3 shows the evolution of the bioreactor EC over time
and how it is affected by changes in temperature, flow and
toluene concentrations. Figure 3 shows that for gas flows of
3.2 x 10% m® h* with a toluene concentration of 14 g m?,
during measuring days 4 and 10, there exists a slight
reduction of the EC from 210 to 170 g m™® h™, which
coincides with the reactor temperature reduction from 36 to
33°C. Beginning on day 7, the temperature remained steady
between 34 and 35°C, with the EC recovering on day 10 up
to 210 g m®h*. Shortly after day 10, gas flow increased to
4.74 x 102 m® h™, with a 14 g m™ in toluene concentration.
The EC remained steady at approximately 190 g m™ h™.
The existing relationship between the temperature and the
toluene EC was also informed by Delhomenie et al. (2003)
finding maximum EC of 120 g m™ h™ at temperatures of
30°C in a drained bed which were 40% lower than the EC
average of (203 g m®h™) obtained to 35 + 2°C in this work.
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Figure 4. Variation of elimination capacity and suspended
biomass in an airlift bioreactor.

On day 16, the EC reached a maximum of 310 g m> h?,
which is associated to the increase of biomass
concentration, as can be observed in Figure 4. This increase
in the biomass concentration creates a greater
bioavailability of toluene. The increase in bioavailability of
toluene is generated by reducing the partition coefficient in
the liquid phase (greater solubility), produced by the
presence of proteins, lipoproteins and the same biomass
that is generated, generating a change in medium
hydrophobicity, according to Vergara-Fernandez et al.
(2006) and Davison et al. (2000). This suggests that it is
possible to eliminate greater quantities of toluene by
increasing the concentration of suspended biomass in the
reactor. Under these working conditions, the mass transport
limitation is reduced and the reaction limitation takes on
greater importance.

Subsequently, the EC is again reduced beginning day 17,
which coincides with the increase in gas flow of 6.4 x 10
m® h™', with a toluene concentration of 10 g m?. Finally,
gas flow was increased up to 0.132 m* h™, with a toluene
concentration of 8 g m?, with the EC steady between 170
and 230 gm3h™.

The average EC obtained (203 g m™® h*) was 25% greater
than that which was obtained by Garcia-Pefia et al. (2001)
utilizing a biofilter inoculated with the fungus
Scedosporium apiospermun TB1 once stationary state was
attained. However, this was 23% lower than the 250 g m
h? attained by Aizpuru et al. (2005) utilizing a fungi
biofilter with ceramic rings as support.

From Figure 3, it can be observed that the EC remains
relatively constant, under different changes, due to the fact
that the contribution to the larger EC produced by an
increase in flow will equip itself with the reduction of the
concentrated gradient, be it by the reduction of Cgy, (due to
the reduction in time of contact in the saturator) and/or
because Cg increases if a good RE is not attained. On the
other hand, small Cq, implies less mass transfer velocity
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Figure 5. Variation of removal efficiency with different work
flows.

between phases, due to the lesser concentration of rising
elements between gas and the liquid phase.

Figure 4, shows the suspended biomass and EC variation in
the airlift bioreactor. In Figure 4 is possible observe that an
increases in the suspended biomass concentration in the
reactor, produced a increases in the EC too. This is
explained by observing that a greater use of the carbon
source favours the mass transfer in the medium which also
increases the toluene solubility (according to the
aforementioned) in the medium (produced by changes in
the liquid phase generated by microbial growth).

The study conducted by Khandan (1999), in an airlift
bioreactor used to eliminate toluene, was done with
suspended cellular concentrations averaging 2500 g m™ to
100 g m® h™. The average EC was obtained in stationary
state conditions. Approximately half of the EC obtained
from this work (203 g m® h™) had an average cellular
concentration of 3700 g m™. On the other hand, when a
maximum cellular concentration of 8000 g m™ was utilized,
a 310 g m* h* EC was obtained. Although this biomass
concentration was observed for only 3 days in operation it
is appropriate to indicate that an increase in concentration
of suspended biomass, of approximately double the
average, an increase of approximately 53% in the EC
occurs. These results reflect the clear dependence of the EC
with the biomass concentration in the reactor, suggesting
that an increase of biomass quantity in the reactor will
allow for greater EC. However, as shown in Figure 4,
although during the first three days of operation there is a
greater concentration of biomass (~ 230 g m®), the EC is
lower (~ 170 g m™ h™) than between four to six days of
operation, in which there is a lower concentration of
biomass suspended. This may be due to the lower toluene
inlet load into the reactor during those days of operation.

The study on the management of high cellular
concentrations in an airlift bioreactor for the elimination of
VOC'’s has been done so by Oliveira and de Franga (2005)
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who worked with cellular concentrations of 2000 g m™
obtaining a hexane RE of around 90%.

Effect of gas flow on removal efficiency

Figure 5 shows the RE variation in the bioreactor with an
increase in flow operation. Here, it can be observed that
toluene RE decreases as the flow of gas increases. In
increasing the operation flow, a decrease in contact time
between toluene and the liquid phase exists. The toluene
transferred to this phase also decreases. Aside from what
was previously mentioned, the toluene concentration
introduced is decreased as the flow is increased (given that
time of contact in the toluene saturator decreases,
distancing itself from the balanced concentration). This also
generates a decrease in the gradient concentration of
toluene between the gas introduced and the liquid,
producing lower transfer of contaminated matter from the
gaseous to the liquid phase.

In Figure 5 it can be observed that the system is sensitive to
flow variations. The RE drops sharply from 100% to almost
40% when the initial flow is increased from 2.4 x 10? to
0.132 m® h™. This evidence shows the lack of flexibility in
these types of reactors when a change in flow occurs.
However, this can be solved by increasing the height of the
bioreactor column, which will increase residence time
between both phases and/or increase biomass concentration
in the bioreactor.

Toluene inlet load effect

Figure 6 and Figure 7 show the effect of the increase of TL
and EC and the evolution of the RE, respectively. The study
regarding the effect of the TL on the EC took place once a
stationary state was reached in the bioreactor.

From Figure 6, it is possible to observe that critical EC
100% of RE, was obtained for a TL of 174 g m>h™ (critical

240 "

2004 Ec S

1604

1204
TLI'.h i

804

EC,(gm3h")

‘Critoa

| TL
401 :

O T II T T T T !I
0 80 160 240 320 400 480 560
Toluene inlet load, (g m'sh'1)

Figure 6. Effect of toluene inlet load regarding elimination
capacity of the airlift bioreactor.
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Figure 7. Variation of removal efficiency for different
toluene inlet loads in the airlift bioreactor.

TL). On the other hand, Figure 7 demonstrates that RE
decreases sharply to 40% for a TL over critical TL.
However, the EC increase is associated with the work flow
variation and not with the increased toluene elimination.

On increasing TL the EC increases reaching a maximum
EC of 230 g m® h™ for a maximum TL of 550 g m™ h'*. It
can be observed from Figure 6 that for operation loads
between 174 and 500 g m™ h™, the system finds itself
limited by the transfer, while for loads of 500 g m™ h, the
limiting factor of the system is a biological reaction,
reaching the maximum EC of the reactor.

The maximum EC result (230 g m® h™) obtained in this
work was similar to the 250 g m™ h™ attained by Woertz et
al. (2001) utilizing the yeast Exphilia lecanii-corni as a
biological agent. This maximum EC equivalent was also
similar to the 240 g m® h™ obtained by Aizpuru et al.
(2005) and 40% less than what was obtained by Garcia-
Pefia et al. (2001), both utilizing fungi biofilters normally
used for the elimination of hydrophobic VOC'S. On the
other hand, the maximum EC obtained was 2 times greater
than what was obtained by Hwang and Tang (1997) and
Gabaldon et al. (2006) utilizing bacterial biofilters for the
toluene elimination. From these results, it is possible to
observe that airlift bioreactors possess RE and VOC’S
similar to those obtained with steady-bed fungi biofilters,
which indicates that it is feasible to reduce some transport
limitations which appear in bacterial biofilters on utilizing
airlift bioreactors. It must be taken into account that in the
case of fungi biofilters this increase in EC is produced by
an increase in the transport area generated by miceliar
growth and the hydrophobic properties of fungus (Vergara-
Fernandez et al. 2006).

CONCLUDING REMARKS

The airlift bioreactor is an alternative solution for the
elimination of contaminants present in gaseous effluents

(toluene vapours) that work at shorter residence periods
than a biofilter inoculated with bacteria.

It is possible to obtain EC in the range of 150 to 230 g m™®
h™ in an airlift bioreactor, maintaining cellular
concentrations between 3000 and 5000 g m™ for toluene
concentrations lesser to 14 g m™.

The airlift bioreactor has operational advantages in toluene
biodegradation, compared to systems of fixed-bed, given
that the absence of canalizations and the non existence of
zones died in the bioreactor.

The toluene RE decrease from 100% to 40% when the gas
flow increased to 2.4 x 10% to 0.132 m® h™. A decrease in
residence time of gas in the reactor affects the transport
mass of the toluene from the gas to the liquid phase.

The airlift bioreactor shows a disadvantage due to the lack
of flexibility in great changes of gas flow, which is
reflected in a drastic diminution of the RE. Nevertheless,
this situation can be solved by controlling the biomass
concentration in the bioreactor. In accordance to increased
operations or by constructing the reactor by means of
modules that can be added or be eliminated according to the
residence time that is necessary to obtain.
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