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Abstract. The investigation was carried out using a biological air-treatment device, i.e. a biofilter with an aeration cham-
ber filled with water saturated with biogenic elements. To accelerate the absorption of organic compounds, air polluted
with volatile organic compounds is directed to a water reservoir installed in the lower part of the filter where organic
compounds are destructed. In the process of aeration, microorganisms propagate in the chamber, degrading part of pollut-
ants to harmless products, carbon dioxide and water. Since all hydrocarbons are water-soluble, the aeration chamber is the
first phase in a hydrocarbon degradation process. Application of such a polluted air-feeding model improves the sorption
qualities of a charge. When relative air humidity reaches 100%, water-drops evenly distribute over the entire surface area
of the charge and improve the activity of microorganisms. Having passed through the aeration chamber, polluted air is fil-
tered via charges of a different origin, composed of zeolite, foam, wood chips or their mixtures. The carried out experi-
ment shows that the best charge filtering capacity is achieved when supplying air polluted with acetone at the rate of
0.1 m/s. At the initial pollutant concentration of 115 mg/m? the biofilter treatment efficiency reached 96%. The aeration

chamber installed in the biofilter increases both microbiological activity of the charge and air treatment efficiency.
Keywords: biofilter, sorbents, biodegradation, aeration, adsorption, absorption, volatile organic compounds.

1. Introduction

One of the main issues important to many countries of the
world is rational use of natural resources and protection
of the environment from different pollutants that are
harmful not only to the environment but to human health
as well (Baltrénas et al. 2004).

Branches of industry, such as chemical, varnishes
and paints production, oil refinement or food industries,
use a lot of organic substances which in different ways
access the atmosphere. The most widely spread organic
compounds include acetone, butanol, toluene, xylene and
others. Volatile organic compounds, evolved into the
atmosphere as a result of human activities, contribute to
the formation of photochemical oxidising agents a high
concentration of which does harm to human health, flora
and, in general, to the environment (Baltrénas et al. 2004;
Jeong et al. 2006; LaSkova et al. 2007).

Presently, one of the most efficient air treatment
methods is biological air treatment using certain cultures
of microorganisms. The application of this method is
promising when spontaneous cultures of microorganisms
are cultivated in a charge. In this case biological air
treatment is cheap, efficient and does not produce secon-
dary pollutants (Baltrénas et al. 2004).

Biological air-treatment devices are divided into
three main groups: bioscrubbers, biotrickling filters and
biofilters (Kennes and Thalasso 1998).

In bioscrubbers, polluted airflow is sprayed with an
activated biomedium where organic pollutants are ab-
sorbed and degraded by microorganisms. Pollutants are
most often degraded in bioscrubbers using an active
sludge suspension. Devices of such a type are distin-
guished by aerodynamic resistance and high efficiency.
High treatment efficiency (up to 99%) of a bioscrubber is
achieved by degrading organic compounds having a high
water-solubility rate such as ethyl acetate or butyl acetate.
However, the device treatment efficiency falls to 50%
when high concentrations of pollutants (1.000 mg/m?)
and poorly water-soluble organic compounds, such as
toluene, are passed through it.

The basic element of biotrickling filters is a filtering
medium composed of artificial charges such as polyure-
thane, linen textile, activated carbon, pearlite and scrap
glass. The application of artificial charges in the process
of biofiltration helps to extend the device service life,
reduce aerodynamic resistance as well as the area of a
sorbtion surface of the charge. Activity of the bio-
medium on the charge is maintained by spraying the
charge with fine activated water drops. However, it is
difficult to maintain microbiological water activity in
biorickling filters of such a structure because spontaneous
microorganisms do not develop on the surface of an arti-
ficial charge, and continuous introduction of individual
microorganism cultures into the charge is expensive
(Kennes and Thalasso 1998).
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Presently, the application of biofilters to remove
volatile organic compounds from the air is growing. Bio-
filters, differently from biotrickling filters, can be charged
only with charges composed of organic or organic and
inorganic mixtures. The charge-humidifying control has
to be ensured in the devices of such a type. The charge
humidity of presently used biofilters is maintained by
supplying the device with prehumidified air from a hu-
midifying chamber installed before the filter or by spray-
ing the charge with the help of sprayers installed over it
(Kennes and Thalasso 1998).

Microorganisms need humidity to transport biogenic
elements (K, N, P), enable metabolism processes and
maintain a cell structure. Excess humidity is unacceptable
because of the following:

1. when water occupies a large part of charge po-
res, air permeability and aeration efficiency de-
crease but the cleaning efficiency rises;

2. excessive humidity reinforces washing of pollut-
ants and biogenic elements out of the charge.

In the process of treatment, the content of humidity
changes. When passing through the charge, vapour-
saturated air removes humidity thus reducing charge's
humidity. But at the same time the process of biodegrada-
tion converts organic compounds into carbon dioxide and
water and partially restores the content of humidity. 1.5 kg
of water forms during decomposition of 1 kg of hydrocar-
bon. In the majority of cases, this water amount is insuffi-
cient, and the charge has to be additionally watered.

Microorganisms are capable of using all organic and
inorganic carbon compounds for plastic metabolism. The
most important in this group are bacteria and micromy-
cetes. Bacteria account for their major part. They are
capable of taking various hydrocarbons from the envi-
ronment and are characteristic of a short life cycle. Most
widely-spread, such as genuses Arthrobacter, Acineto-
bacter, Pseudomonas, Bacillus, Flavobacterium, Myco-
bacterium, Micrococcus, Rhodococcus, contain bacteria
capable of oxidising hydrocarbons (Jankevicius and
Liuzinas 2003; Malhautier et al. 2005; Jeong et al. 2005;
Laskova et al. 1997).

The efficiency of the biological air treatment process
depends on the rate of microorganism culture growth in
the biomedium. Having excess nutrition, microorganisms
grow when the biofilter is continuously supplied with
pollutants, and microorganisms are activated during ini-
tial air treatment (Liu et al. 2007).

One of essential conditions for microorganisms is a
regular supply of oxygen which is used by microorgan-
isms for pollutant oxidation and respiration. Therefore, in
the process of air treatment, oxygen has to be supplied so
that its amounts are sufficient to oxidise pollutants, and
its concentration is not lower than minimal (0.25 mg/l).

Solution of oxygen in water is a diffusive process
happening in a two-phase system: gaseous and fluid.
Diffusive mass exchange takes place via the surface of a
phase contact. Mass exchange velocity is described by the

Fick’s law:
d_M — _DAd_C , (]_)
dt dy

where:dd—'\t/I — mass exchange velocity, mg/s; D — the
diffusion coefficient, m%s; A — area via which gas dif-

. . dC . .
fuses into solution, m* — — the concentration gradient,

i.e. dependence of concentration change on range,
mg/m*m.

The intensity of aromatic compound biodegradation
depends on the number of the structure rings and the
degree of condensation. The more condensed a multi-ring
compound, the slower its mineralisation. It should be
noted that the capacity of microorganisms to degrade
aromatic compounds is nearly inversely proportional to
the number of rings in their structure. Individual hydro-
carbons of a condensed structure with four or more rings
are degraded slowly (Lugauskas et al. 1997).

The key factor predetermining a microbe propagation
rate and biochemical reaction intensity is temperature.
Various groups of microorganisms have accommodated to
living at different temperatures. Temperature for microor-
ganisms, like for other organisms, may be minimal, opti-
mal or maximal. Where temperature falls below the
minimum or rises above the maximum, vital processes are
disturbed. Optimal temperature is the best for microorgan-
isms to propagate. For instance, the genera of psychro-
philic and mesophilic microbes, such as Pseudomonas and
Achromobacter, can propagate in the temperature range
from 10 to 30 °C. In order to improve the treatment effi-
ciency of a biofilter, the optimum temperature of the bio-
medium has to be maintained in the device.

Pseudomonas culture, actively participating in the
destruction processes of organic compounds, is the most
common in nature. The pseudomonas fluorescens bacteria
are present in water and on the surface of plants. The
bacteria Pseudomonas fluorescens of the Pseudomonas
genus, evolved from the substrates of water and wood,
accounted for 55 and 67%, respectively (Tekoriené and
Lugauskas 2001).

The main element of a biological air-treatment de-
vice is a filtering medium that is necessary as a substrate
of microorganisms and their provider with the required
nutrients. In practice, charges of a natural origin are used
as filtering media: compost, peat, wood chips, barks,
active sludge (Zigmontiené and Baltrénas 2004).

Charges of an artificial origin, composed of polyure-
thane, propylene, polyethylene, glass, ceramic balls and
other materials, are also often used. However, affected by
microorganisms, all these materials decompose after
some time (Baltrénas et al. 2004; Yun and Ohta 1998;
Torkian et al. 2003).

With the aim of extending the life cycle of the
charge and at the same time increasing the treatment effi-
ciency of the device, several treatment techniques, bio-
logical and adsorptive ones, can be combined. As zeolite
has a regular structure with pores of an equal size and is
distinguished by a big internal area of the specific surface
as well as thermal stability, it is widely applied in air
treatment as an adsorbent. Upon mixing wood chips with
zeolite, the life cycle of the charge is extended and the
sorbtion properties of the filtering medium are improved
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(Baltrénas and Paliulis 2002). Spontaneous microorgan-
ism cultures will be able to develop not only in wood
chips but also in zeolite of an inorganic origin (Luo and
Lindsey 2006). Microorganisms that accumulate on a
biofilm, forming on the zeolite surface, will decompose
organic compounds in zeolite pores. To maintain better
sorbtion properties of the charge, wood chips can be
mixed with other charges having a bigger sorbtion sur-
face, such as foam. In this case, the charge will be distin-
guished by better properties of humidity sorbtion, low
density, low costs and a big area of the treated surface.

The investigation is aimed at determining the de-
pendences of the biofilter treatment efficiency on the type
and concentration of the pollutant supplied to the device
as well as on filtration duration through the use of acti-
vated charges composed of natural zeolite, foam and
wood chips, when supplying the biofilter with polluted
air during the fluid phase.

2. Methods

Experimental tests were performed using a biological air-
treatment device — a biofilter, supplied with air polluted
with volatile organic compounds during the fluid phase
(Fig. 1). To maintain a uniform distribution of an airflow
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Fig. 1. Biofilter stand: 1 — polluted air supply duct; 2 —
ventilator with turbine; 3 — channel air heater; 4 — airflow
control valve; 5 — water supply branch with valve; 6 —
charge humidifying system; 7 — control panel; 8 — frame
for mesh fastening; 9 — angle bars; 10 — biofilter charge;
11 - biofilter wall; 12 — charge humidifying tube holders;
13 —treated air discharge duct; 14 — branches for air sam-
pling; 15 — meshes; 16 — rubber hose; 17 — biofilter cas-
settes; 19 — protective mesh; 20 — water run-off tray; 21 —
water pump; 22 — biofilter’s leg; 23 — collector; 24 — aera-
tion chamber; 25 — slag collection pipe with valve

and humidity within the charge layer and to reduce aero-
dynamic resistance of the charge, the filter contains 5 cas-
settes separated by metal meshes from each other. The
experiments were carried out upon filling the cassettes with
charges of a different origin (Fig. 2). First tests were pe-
rformed by charging the cassettes with wood chips of 20—
30 mm, afterwards wood chips were mixed with natural
zeolite of a granule size of 10-15 mm, and later — with
wood chips mixed with foam cubes of 30x30%20 mm in
dimensions. A chip and granule mixture ratio by volume is
50:50%. Each layer of the charge is 0.85 m long, 0.65 m
wide and 0.15 m high. After filling the cassettes, the charge
is activated by maintaining 30+0.4 °C temperature,
pH=7+0.1 of the bio-medium acidity and the required
content of biogenic elements in the biofilter. Stable tempe-
rature is maintained by a channel air heater installed in an
air supply duct and connected to a temperature sensor and
a sensor installed in the filter. With the aim of improving
the adaptation of spontaneous microorganisms in the bio-
film, the device is supplied with air polluted with volatile
organic compounds. Thus, microorganisms receive the
required oxygen and carbon.

Fig. 2. Biofilter charges: a — wood chips; b — a mixture of
natural zeolite and wood chips ¢ — a mixture of foam
cubes and wood chips

To accelerate the absorption of organic compounds,
air polluted with volatile organic compounds is directed
to the aeration chamber installed in the filter’s lower part
performing the function of an aeration tank (Fig. 3). In
the process of aeration, microorganisms start propagating
in the chamber and decompose part of pollutants.

Pollutants are volatilised to the filter by heating them
on an electrical stove. The required initial concentrations of
a pollutant are obtained by changing an organic compound
heating temperature and a water dilution ratio.

Fig. 3. The biofilter is equipped with an aeration chamber
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Upon setting the biofilter for operation, the charge is
additionally humidified with water sprayers installed above
each layer. Water saturated with biogenic elements is sup-
plied to the sprayers with the help of a pump installed in a
surplus water reservoir. Water pump operation is con-
trolled by a time relay installed in the biofilter control
panel, which actuates the water pump for 8 seconds per
hour. During the experiment the pump operation time is set
so that the biofilter maintains the charge humidity of 95%.

Around 7| of water per day were sprayed over the
charges to maintain the humidity of the total charge vol-
ume (0.387 m?). The accumulated excessive waster runs
off to the aeration chamber installed in the bottom part of
the biofilter.

Humidity in the charge is controlled by a weighed
method. Prior to sampling, weighing bottles with caps are
dried for 1 hour at the temperature of 105 °C in a drying
cabinet and afterward cooled in a desiccator. The dried
weighing bottles with caps are weighed with an analytical
balance.

Samples of 1-2 g each, taken with a pair of pincers
are placed in the weighing bottles which are closed. A
working sample is uniformly spread over the weighing
bottle's bottom (0.2 g/cm?). After being weighed, the
weighing bottle with the sample is placed into the drying
cabinet and dried for 3 h at a temperature of 105+2 °C.
The dried sample is weighed and its humidity is deter-
mined (Baltrénas and Zagorskis 2007).

To maintain the mechanical stability of the charge
and ensure uniform distribution of humidity over the
entire charge area, a sieve is installed above each layer
with a mesh size of 3x3 mm.

To ensure microorganism growth and energy, a solu-
tion of mineral salts is necessary for the microorganisms to
receive vital biogenic elements. The soil solution is com-
posed of: K;HPO, — 1g, KCI — 0.5g, MgSO,7H,0 -
0.5g, FeSO,7H,0 — 0.1g, NaNO; - 0,90 g, water —
1,000 g. This solution is poured into a water reservoir and
sprayed over each layer of the charge. To ensure microor-
ganism metabolism, the acidity pH = 7.0+0.1 is maintained
in the biomedium. Buffer solutions composed of sodium
and potassium hydrophosphates are used to ensure the
acidity (Baltrénas and VaiSkianaité 2003). The biomedium
acidity is measured with a pH-metre.

To maintain the required temperature of the biome-
dium, an air supply duct is installed with a channel air
heater that heats the air supplied to the biofilter up to a
constant temperature of 30+0.4 °C.

Different concentrations of acetone are passed
through the charge for the maintenance of microorganism
energy. Microorganisms use acetone as food by evolving
the products of metabolism, i.e. CO, and water, into the
environment. Different concentrations are obtained by
heating the pollutants on an electrical stove. The tempera-
ture of the vapour employed in the filter varies in the range
of 20-50°C. The initial acetone concentration reached
20 mg/m?. The pollutant was supplied to the device 4 times
a day for 15 minutes each time. Later, the concentration of
the organic compound was increased by 20 mg/m® each
time and the acetone supply duration was prolonged to 1 h.

The charge was activated for 2 weeks. To ensure a uniform
airflow and pollutant concentration distribution over the
entire area of the charge, an airflow distribution collector is
installed in the bottom part of the filter.

After the charge activation, the device is supplied
with acetone-polluted air. The concentration of acetone
before five layers of the charge reaches 115 mg/m®. To
determine the pollutant concentration, air sampling is
performed when maintaining a stable rate of the supplied
airflow of 0.1 m/s. Upon sampling completion, the sup-
plied airflow rate is increased to 0.2 m/s with a controlla-
ble airflow valve installed in the filter.

To determine airflow rate and temperature, sampling
branches with screw-caps are installed before and after
each cassette in the biofilter.

The branches are fixed to one wall in an air duct of a
rectangular form. When measurements are not taken, the
branches are sealed.

The air duct cross-section of a rectangular form is
conditionally divided into identical rectangles by lines
parallel to its walls. The measuring points are arranged in
the centre of each rectangle. The number of measuring
points in a rectangular air duct cross-section of 0.55 m?
has to reach 25 (Fig. 4).
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Fig. 4. Investigation places of the physical parameters of
air and pollutants: a — airflow rate and temperature meas-
uring places; b — volatile organic compound sampling
place

The rate and temperature of the airflow passed
through the charge are recorded with a Testo 400 meter.

To determine the dependence of biological air treat-
ment device efficiency on the permissible concentration
of pollutants, the concentration of supplied acetone was
increased to 214 mg/m®. The pollutant concentration was
changed by heating it on an electrical stove. Afterwards
the tests were repeated by increasing the initial acetone
concentration to 311 mg/m?®.

Upon completion of experimental tests with acetone,
unpolluted air was supplied to the device for 3 hours.
This accelerated the desorbtion of acetone vapour. After-
wards tests were repeated with other pollutants, butanol
and toluene.

Upon completing tests with wood chips, the biofilter
is loaded with another charge composed of a mixture of
wood chips and zeolite. After that the experimental tests
were repeated using a mixture of wood chips and foam
cube, and a combination of wood chips, zeolite granules
and foam cubes.
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To determine the dependence of charge treatment ef-
ficiency on a charge layer height, the concentrations of
pollutants were measured before and after each cassette.
To determine the concentrations, air samples were taken
in special sampling places, and each measurement was
repeated 3 times.

An air sample from the air duct was sucked through
a stainless steel tube (d = 5 mm, | = 30 cm) into a clean
gas pipette of 0.251 at a rate of 0.25 I/min. The sucking
lasted for 5 minutes. Upon sucking completion, the pi-
pette’s ends were via silicone hoses tightly stopped with
glass plugs and the hoses were additionally tightened
with Mohr’s pinchcocks. The samples were analysed on
the same day.

The concentration of pollutants was determined with
a gas chromatographer SRI 8610 No. 942. The chroma-
tographer sets the following parameters of the analysis
process: nitrogenous gas velocity — 30 ml/min, hydrogen
gas velocity — 30 ml/min, air rate — 200 ml/min, column
thermostat temperature — 100+2 °C, vaporizer tempera-
ture — 200 £+ 5 °C, detector temperature — 200+5 °C.

3. Investigation results

Upon completion of experimental tests with charges of a
different origin and mixtures thereof it is determined that
the highest treatment efficiency of the biofilter with an
aeration chamber is achieved when using an activated
charge composed of wood chips, zeolite granules and
foam cubes. When using this charge, the biofilter effi-
ciency reaches 95% (Fig.5). Upon mixing wood with
zeolite and foam granules, the adsorption and absorption
properties of the charge are improved. Zeolite granules
are distinguished by good porosity properties, whereas
foam cubes — by the properties of humidity sorption. In
the meantime, wood, as an organic sorbent, can be used
by microorganisms to maintain their energy and vitality.
Therefore, part of pollutants is adsorbed, part of them —
absorbed in foam and biodegraded.

Acetone is most poorly degraded in a charge compo-
sed of wood chips and foam cubes. With this charge the
filter’s efficiency accounted for 84% whereas the devi-
ce’s aerodynamic resistance rose to 2,520 Pa. Such resis-
tance was predetermined by water drops accumulated in

foam pores. In addition, predominance of aerobic
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Fig. 5. Dependence of biofilter treatment efficiency on a
charge type when the supplied airflow rate is 0.1 m/s, and
the supplied pollutant — acetone

microorganisms, actively participating in the degradation
of organic compounds, diminished in the charge.

Dependence of biofilter treatment efficiency on the
type of a pollutant supplied to the device upon loading
the biofilter with a charge composed of a wood, zeolite
granule and forma mixture, was obtained during the ex-
periment. The data given in Fig. 6 show that microorgan-
isms degraded acetone best. Upon degrading this
pollutant, the filter efficiency reached 95%. Acetone
mixes up with water well and is fully soluble in it, there-
fore acetone vapour is absorbed well in a biofilm that
forms on the charge surface.
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Fig. 6. Dependence of biofilter treatment efficiency on
the number of cassettes when the supplied airflow rate is
0.1 m/s

The biofilter treated toluene-polluted air worst. To-
luene is less soluble in water, its solubility reaches
0.53 g/l, therefore it is worse absorbed in a biofilm. The
biggest decrease in pollutant concentration was recorded
under the charge layer that is the first from the bottom as
this layer is exposed to the biggest load. Having passed
through five charge layers, the concentration of toluene
fell from 118 to 17 mg/m?®,

Upon determining pollutant concentrations before
and after each cassette, the treatment efficiency of the
biofilter using charges of a different origin was obtained.
The highest efficiency was achieved when treating ace-
tone-polluted air (Fig. 6). A high efficiency of the device
is attained when using three charges of a different origin.
Zeolite used for the experiments has a porous structure
and a big area of the treated surface, therefore part of the
pollutant is adsorbed on the charge surface.

A high biofilter treatment efficiency of 92% was
achieved during supply of butanol-polluted air to the
device. It can be assumed that a higher efficiency of air
cleaning from butanol was predetermined by a better
water-solubility of the pollutant. The water-solubility of
butanol determined by the investigation reaches 3-
5 g/100 ml of water. In addition, it is experimentally de-
termined that microorganisms better propagate in sub-
strates with a bigger content of dissolved biogenic
elements. The three last layers of the charge, composed of
a wood, zeolite and foam mixture, rather evenly filtered
pollutants of different types. A significant decrease in
pollutant concentration was recorded in the first charge
layer which is exposed to the biggest load of polluted air.
After this layer, the concentration of acetone decreased



Journal of Environmental Engineering and Landscape Management, 2009, 17(1): 12-19 17

from 115 to 69 mg/m>. A decrease in pollutant concentra-
tion was predetermined by a high humidity of the charge
(90%) and the amount of nutrients dissolved in water,
which are assimilated by microorganisms in the process
of metabolism.

Dependence of the biofilter treatment efficiency on
different concentrations of a supplied pollutant was ob-
tained during the experiments. The experiments were
carried out when supplying air polluted with volatile
organic compounds to the device at a rate of 0.1 m/s.
When the concentration of substrate-acetone is high, the
ferment is saturated, i.e. the substrate or the product
molecules always take its active centre. Under such con-
ditions, an increase in further substrate concentration has
no effect on the reaction of fermentation velocity as all
the active centres of the ferment are already occupied.
Therefore, with increasing concentration of a pollutant,
the device treatment efficiency decreases.

The best degradation of acetone is achieved when
the initial pollutant concentration is lower. When the
initial acetone concentration is 115 mg/m®, the biofilter
treatment efficiency reaches 95%. Upon raising the initial
concentration up to 311 mg/m®, the biofilter treatment
efficiency fell to 80% (Fig. 7).
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Fig. 7. Dependence of the biofilter treatment efficiency on
the number of cassettes at different initial concentrations
of acetone

With the aim of improving the biofilter treatment ef-
ficiency at high concentrations, it is necessary either to
increase the number of cassettes in the device or reduce
the rate of airflow supplied to the device. Thus, the time
of biochemical reactions occurring in the filter will be
extended.

When supplying butanol-polluted air to the device at
the initial pollutant concentration of 116 mg/m?, the de-
vice treatment efficiency after five layers of the charge
reaches 92%, i.e. the pollutant concentration decreases
from 116 to 10 mg/m®. Upon increasing the supplied
pollutant concentration up to 313 mg/m? the filter effi-
ciency decreases to 78%, and the pollutant concentra-
tion — to 68 mg/m? (Fig. 8).

A lower efficiency of butanol cleaning from the air is
predetermined by a lower water-solubility of this pollutant.
The biggest decrease in butanol concentration was re-
corded after the biofilter’s first cassette filled with an acti-
vated charge of natural zeolite, wood chips and form. After
this charge layer the concentration of butanol at the initial

concentration of 116 mg/m® fell to 38 mg/m?>. As butanol is
less soluble in water, a big portion of the pollutant was
adsorbed by zeolite which is distinguished by a porous
structure and a large area of a sorbtion surface. Therefore,
less water-soluble hydrocarbon is better sorbed by the
charge composed of zeolite granules and wood chips. Bu-
tanol is locked in zeolite granules and stays longer in the
activated charge. Thus, the duration of biochemical reac-
tions is extended, which improves the synthesis of butanol
and at the same time the device treatment efficiency.
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Fig. 8. Dependence of the biofilter treatment efficiency on
the number of cassettes at different initial concentrations
of butanol

The lowest treatment efficiency was achieved when
treating toluene-polluted air. At an initial pollutant con-
centration of 118 mg/m?, the biofilter treatment efficiency
reached 84%. Upon increasing toluene concentration up
to 314 mg/m?, the efficiency decreases to 73% (Fig. 9).
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Fig. 9. Dependence of the biofilter treatment efficiency on
the number of cassettes at different initial concentrations
of toluene

Upon increasing the concentration of a pollutant su-
pplied to the device, the biofilter treatment efficiency
decreases as microorganisms do not manage to fully de-
grade volatile organic compounds. The best degradation
of pollutants was achieved in the first layer of the charge.
Considering the fact that butanol and toluene are less
soluble organic compounds, their concentration after five
charge layers was higher than that of acetone.

As the results given in Fig. 10 show, the biofilter
treatment efficiency depends on the time of pollutant’s
contact with the charge. The longer duration of filtration,
the higher treatment efficiency of the device. The time of
polluted air filtration depends on the rate of airflow passed
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through the filter. The best treatment efficiency of the de-
vice is achieved when polluted air is passed through the
device at a rate of 0.1 m/s. At such an airflow rate, the time
of pollutant filtration reaches 7 seconds during which ace-
tone concentration decreases by 93%, butanol — by 80%,
toluene — by 76% after biofiltering. The lowest treatment
efficiency of 67% was recorded when tolune-polluted air
was filtered through the charge, and the time of filtration
was 1.4 s. The highest treatment efficiency of 82% was
achieved when degrading acetone. Upon increasing the
airflow rate up to 0.3 m/s at the pollutant filtration time of
2.3 s, the biofilter treatment efficiency in removing acetone
increases up to 89%. It can be stated that upon increasing
time of filtration the device treatment efficiency grows.
Upon decreasing the rate of airflow passed through the
device to 0.1 m/s, the cleaning efficiency of even such a
poorly soluble and degradable pollutant, as tolune, also
increases. Apart from that, toluene belongs to the group of
aromatic hydrocarbons whose molecules form a six-
membered ring. Hydrocarbon having more members in a
benzene ring is more complicated, therefore, it is more
difficult for microorganisms to degrade it.

4. Conclusions

1. By combining the biological and adsorption air
treatment methods, a high biofilter treatment efficiency of
96% is achieved and the charge service life is extended.

2. The highest biofilter treatment efficiency of 96%
is achieved when treating acetone-polluted air. A high
degree of acetone removal is determined by good water-
solubility of the pollutant.

3. When treating toluene-polluted air at the initial
pollutant concentration of 118 mg/m? the device treat-
ment efficiency reaches 84%. Lower treatment efficiency
is predetermined by worse solubility of the pollutant in a
biomedium.

4. With increasing concentration of the pollutant, the
device treatment efficiency decreases. Upon increasing
the concentration of acetone supplied to the biofilter from
115 to 311 mg/m?®, the treatment efficiency fell from 96 to
80%. Considering the fact that microorganisms do not
manage to oxidise organic compounds, the filter is more
efficient at lower concentrations of pollutants.

5. With increasing pollutant filtration time, the
biofilter treatment efficiency also grows. The efficiency

noticeably increases upon extending pollutant filtration
time to 7.0 s when the biofilter treatment efficiency in-
creases from 80 to 96%.
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VALYMO BIOFILTRU SU AERACINE KAMERA EFEKTYVUMO TYRIMAI
P. Baltrénas, A. Zagorskis
Santrauka

Tyrimai atlikti naudojant biologini oro valymo irengini — biofiltra su aeracine kamera, pripildyta biogeniniy elementy pri-
sotinto vandens. Siekiant pagreitinti organiniy junginiy absorbcija lakiaisiais organiniais junginiais, uZterstas oras nukrei-
piamas i filtro apatin¢je dalyje irengta vandens talpykla, kurioje vyksta organiniu junginiy destrukcija. Aeracijos proceso
metu kameroje dauginasi mikroorganizmai. Jie suskaido dalj terSaly iki nekenksmingy produkty — anglies dvideginio ir
vandens. Visi angliavandeniliai tirpas vandenyje, todé¢l aeraciné kamera yra pirminis angliavandeniliy skilimo proceso
etapas. Taikant tokj uZtersto oro tiekimo i jrengini modeli pagerinamos jkrovos sorbcinés savybés. Santykinei oro drégmei
pakilus iki 100 %, vandens laSeliai tolygiai pasiskirsto per visa ikrovos pavirSiaus plota ir pagerina mikroorganizmy akty-
vuma. Pratekéjes aeracing kamera uZterstas oras filtruojamas pro skirtingos kilmés ikrovas, sudarytas i$ ceolito, porolono,
medienos droZliy ir ju miSiniy. Atlikus eksperimentinius tyrimus nustatyta, kad geriausiai jkrova filtravo 0,1 m/s greiciu {
irengini tiekiama acetonu uZtersta ora. Esant pradinei $io ter$alo koncentracijai 115 mg/m?®, valymo biofiltru efektyvumas
sieké 96 %. Taigi biofiltre jrengta aeraciné kamera padidina ikrovos mikrobiologinj aktyvuma ir uztersto oro valymo efek-
tyvuma.

Reik3miniai ZodZiai: biofiltras, sorbentai, biodegradacija, aeracija, adsorbcija, absorbcija, lakieji organiniai junginiai.

UCCJEJIOBAHUE 3®PEKTUBHOCTH BUOPUIBTPA C ADPAIIMOHHOM KAMEPOI
II. Baxrpenac, A. 3aropckuc
Peswome

[Ipu BBHINOJIHEHNH SKCIIEPUMEHTAIBHBIX MCCIESJOBAHUH HCIIOIb30BAJIOCH OHOIOTHYECKOE YCTPOMCTBO Ul OYHUCTKU BO3-
Iyxa — OMOGUIBTp C adpalliOHHON KaMepoi, 3aIll0JIHEHHOW BOJIOM M HACHIIAeMOi OMOTeHHBIMH 3J1eMeHTaMu. [1Jist Toro,
4TOOBI YCKOPHUTH IPOLECChl abCOpOLMY OpraHMYeCKUX COCIMHEHUH, BO3YyX, 3arpsI3HEHHBIN JIETYYHMMH OPraHWYECKHMH
COeIMHEHUSIMH, HAIPaBISUICA B Pe3epByap C BOJIOH, yCTAHOBIECHHBIN B HU3KON YacTH (GUIBTPa, B KOTOPOM OpPraHHYECKUE
COeIMHEHHUs pa3pyIanuck. B nmporecce aspaluu B KaMepe pa3MHOXKAIOTCSl MUKPOOPTaHU3MbI, KOTOPBIE Pa3pyIlaioT YacTh
3arpsi3HUTENE 0 6€30IMacHBIX MPOAYKTOB. YIJIEKHCIOro Ta3a U BoAbL. Tak Kak BCe yIIICBOAOPOABI PACTBOPHUMEI B BOJIE, B
a’paLlMOHHON Kamepe MPOUCXOIUT NEPBOHAYANIBHBIN Ipoliece Aerpagauu yriaeBogopoaa. [Ipu Takoit Mmogenu nogauu 3a-
TPSIBHEHHOTO BO3/lyXa B YCTPOHCTBO YJIydIIAOTCS COPOLMOHHBEIE CBOMCTBA 3arpy3ku. Korja oTHocuTeNnbHas BIAKHOCTH
Bo3ayxa mocruraer 100%, kammm BOABI PaBHOMEPHO DPAaCIpEAENIOTCS 10 BCEH ILTOMIAAM MOBEPXHOCTH 3arpy3Kd U
YIY4LIAIOT JIeITeIbHOCTh MUKPOOPraHn3MoB. [Ipoiins yepes a’spannoHHy0 KaMepy, 3arpsi3HeHHbIH Bo3ayX (GuibTpyercs
yepe3 3arpy3Ky PasIMuyHOIO MPOMCXOXKIECHHS, COCTaBIEHHYIO M3 I[E0JIMTA, MOPOJIOHA, IIENbl MM UX cMeced. DKCrepu-
MEHT [0Ka3aJl, YTO 3arpy3Ka JIydllle Bcero (GUiIbTpoBaja 3arps3HEHHbIN alleTOHOM BO3/yX, II0JJaBaeMblii B YCTPOICTBO €O
ckopocteio 0,1 m/cek. IIpu HauabHON KOHIEHTpALWK 3arpsA3HUTENs, paBHoi 115 mr/m®, 3¢ dextuBHOCT OHOodUIBTPa
nocrurana 96%. Taxum 0Opa3oM, ycTaHOBIEHHAs B OHOQUIBTPE adpallioHHAasl KaMepa YBEINIUBACT KaK MHUKPOOHOJIOTH-
9YECKYI0 aKTHUBHOCTB 3arpy3KH, TaK U 3()(EeKTHUBHOCTD OYHINEHHS BO3LYXa.

KiaroueBble cioBa: OuopuibTp, COpOCHTHI, OHONOrMYECKHH pacmai, alpaius, aacopbuus, abcopOuus, JeTydue
OpraHUYeCKUE COCTABBI.
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