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Influence of biofilter’s temperature regimes on air cleaning
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Microorganisms cultivated in the biofilter in the course of air cleaning depend on ambient eco-
logical factors that have impact on organism development, procreation, oxidation of pollutants
etc. Among the major ecological factors that predetermine the activity of microorganisms in the
filter and air cleaning quality are temperature and volatile organic compounds passing the filter.
When working on this paper the following research was carried out: assessment of the efficiency
of the biofilter by varying the temperature range of the charge (7, 14 and 28 °C) and initial con-
centrations (up to 100 mg/m?) of pollutants in question (butyl acetate, butanol and xylene). Air
cleaning efficiency depends on the filter charge temperature and pollutant nature. For example,
when initial concentrations of butyl acetate and butanol are below 30 mg/m” and that of xylene
is below 21 mg/m’, pollutants are removed with an efficiency of 59-77%. However, with the
increase of concentrations the efficiency of air cleaning drops down (from 76-77% to 39-41%).
At different temperature regimes (7 and 14 °C), the air cleaning efficiency at higher temperature
(14 °C) passing through the charge is 5-10% higher. With the temperature of 28 °C maintained,
the filter efficiency was much higher. For example, when the initial butanol and butylacetate
concentrations were 94 mg/m’, the air cleaning efficiency was 77-78 %; and when the initial
concentration of xylene was 98 mg/m’, the cleaning efficiency was 53 %.

Key words: biofilter; biocharge temperature; temperature regimes; volatile organic compounds;

association of natural microorganisms; biochemical reaction

INTRODUCTION

In Lithuania, as in many other countries, pollution of residential
and working environment is one of the key environmental is-
sues. The main sources of air pollution by volatile organic com-
pounds are furniture manufacture, varnish, paint, food, plastic
production, oil refineries, etc. Generally, in Lithuania the follow-
ing hydrocarbons are found in the air at industrial enterprises:
benzene, toluene, xylene, isomers et al., which could be removed
with the help of biofilters with the activated pine bark charge
(Baltrénas et al., 2002, 2003, 2004). In practice, construction of
biofilters is not complicated, moreover, their capital and main-
tenance costs are low while the period of service is rather long
(up to 10 years). These filters have a rather large area of bio-me-
dium with 40-60% porosity which is full of microorganisms. All
this helps to achieve high air cleaning efficiency (up to 90-99%)
(Krishnayya et al., 1999; Wani et al., 1999; Cox et al., 1998).
Microorganisms cultivated in the biofilter in the course of
air cleaning depend on ambient ecological factors that have im-
pact on organism development, procreation, oxidation of pol-
lutants etc. Therefore, filter microorganisms and at the same
time biological air cleaning process are affected by a range of
physical, chemical and biological elements, charge humidity, pH
etc. (Ottengraf et al., 1995; Mcnevin et al., 2000; Mpanias et al.,
2000). Among the major ecological factors that predetermine
the activity of microorganisms in the filter and air cleaning qua-
lity are temperature and volatile organic compounds passing the

filter. The above mentioned ambient factors cause changes in the
composition and structure of substances in the cells of microor-
ganisms and at the same time the speed of reactions occurring
in bio-chemical processes. The impact of the charge temperature
on the biological cleaning process and the pollutants in question
will be revealed by appropriately chosen analysis methods and
their results.

Ecological factors in question not only have an impact on
the efficiency of air cleaning by biofilter but also determine the
possibilities of filter application in practice.

The aim of the paper is to assess the efficiency of the biofilter
by varying the temperature range of the charge (7, 14 and 28 °C)
and initial concentrations (up to 100 mg/m®) of pollutants in
question (butyl acetate, butanol and xylene).

MATERIALS AND METHODS

Using the developed biofilter with the activated pine bark the
experimental tests have been carried out at the Department
of Environment Protection of Vilnius Gediminas Technical
University. The biofilter (0.5 x 0.48 x 2.0 m) with a biologically
activated charge contains five separate layers of bio-medium
which do not press each other, are separated by meshes and en-
sure even distribution of air flow. The experimental device con-
tained five separate 0.15 m high layers instead of containing a
single 0.75 m high layer. The cleaned air is exhausted from the
filter through the flexible exit air duct.
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Three different temperature regimes were used in the filter
charge: 7,14 and 28 °C. The necessary temperature was achieved
by heating bio-medium at the side walls of the filter with the
help of two heating elements. The filter contained a temperature
regulator with a sensor, which kept the necessary constant tem-
perature regime in the biomass.

During testing, the charge temperature was measured with
the help of the TESTO-452 measuring instrument containing a
thermocouple. To set the temperature in the charge as accurately
as possible, the temperature was measured on the surface of
each layer (up to 50 mm deep) and deeper (from 50 to 150 mm).
The points for temperature measuring were determined in the
following way: perpendicular lines were drawn from the reverse
sides of the filter charge, and the intersections of those lines were
used as the above mentioned points. At the same point (every
50 mm to horizontal and vertical direction), each measurement
was repeated 5 times. The total number of measuring points in
each charge layer was 43; the total number of points in all the
five layers was 215. A greater number of measuring points en-
sured a higher reliability of the statistical data.

Prior to starting the biofilter, the medium was moistened,
biogenic elements were added and it was biologically activated
by blowing organic pollutants through the medium. For natural
microorganisms to live in the biologically activated pine-bark
charge, it was necessary to maintain concentration of hydrogen
ions close to the neutral value (pH = 7.2).

Experimental testing revealed the efficiency of the filter by
changing volatile organic compounds of different composition
(butanol, bitylacetate, xylene), their initial concentrations, airflow
velocity, and the height of charge layers. To compare pollutant bio-
degradation in the activated pine bark charge, six different con-
centrations up to 100 mg/m’ were taken approximately every 15—
20 mg/m’. Different concentrations of organic substances were
obtained by heating them at a point in a regulated electric range.
Temperature of the airflow injected into the equipment varied in
the range of 20-55 °C, therefore, the temperature maintained in
the charge had to be increased by several degrees.

Air samples before and after the filter and after each layer
were taken at measurement points by using the glass-type pick-
up tubes (@ 4.0 + 0.1 mm, length 7.0 £ 0.01 m) filled with ac-
tivated coco carbon (0.3-0.85 mm) produced by the SKC com-
pany and the Airchek 224-PCXR8 personal sampler for 15 min
at 0.2 I/min velocity. Concentration of compounds under inves-
tigation in the air samples was determined by chromatography.
The Hewlett Packard Model 5890 gas chromatograph was used.
After determining the concentrations of organic substances un-
der investigation by chromatographic analysis, efficiency of the
biologic air purifier was calculated.

RESULTS

The filter efficiency depends on the temperature maintained in
the charge. This fact was proved by the experimental testing when
different concentrations (up to 100 mg/m?) of the selected pollut-
ants (butyl acetate, butanol, and xylene) were injected into the de-
vice at different temperature regimes (7, 14 and 28 °C). Depending
on the maintained temperature, microorganism groups of meso-
phyles and psychrophyles were cultivated in the charge.

Measuring of the filter efficiency was accompanied by the
tests on biocharge temperature. Depending on the maintained
temperature regime, temperature was measured on different
layers of the charge and at different depths of the layers. First of
all, tests were performed in the filter charge with the tempera-
ture regime of 7 °C. Then tests were performed with the charge
temperature of 14 and 28 °C.

First of all, the biofilter efficiency was tested at the tempera-
ture of 7 °C. During testing, concentrations of organic pollutants
were gradually increased (from 3 to 100 mg/m?). When rather
low concentrations (up to 30 mg/m?) of compounds in question
pass through the filter, the efficiency of butanol and butyl ace-
tate removal from the air is 73-77% (Figs. 1, 2). When pollutant
concentrations are increased (to 100 mg/m?), the efficiency of
biological air cleaning depends on the decrease of butanol and
butyl acetate (76-77% and 59-60%). For comparison, oxidation
of xylene was slower, as it was to a lesser extent dissociated by
microorganisms. When the initial concentrations of this pollut-
ant were 21 mg/m’, the filter was functioning at the efficiency
of 59% (Fig. 3). After increasing the initial concentrations of xy-
lene to 95 mg/m?, the efficiency of air cleaning after passing five
charge layers was only 39-41%. Thus, when the temperature is
maintained at 7 °C, and the initial concentrations of the pollut-
ant are with slower microbiologic decomposition to 100 mg/m’,
xylene removal efficiency went down by 30%, on average.

The charge temperature was increased to 14 °C, and the ef-
ficiency of removal of butyl acetate, butanol and xylene from
the air was tested. Comparison of different temperature regimes
maintained in the charge (7 and 14 °C) revealed that the efficien-
cy of removal of all the pollutants in question (butanol, butyl ac-
etate and xylene) at a higher temperature (i. e. at 14 °C) went up
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Fig. 1. The efficiency of air cleaning from butanol after the air passed five layers of the
filter at the air flow of 144.69 m*/h, depending on the hiocharge temperature
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Fig. 2. The efficiency of air cleaning from butyl acetate after the air passed five layers
of the filter at the air flow of 144.69 m*/h, depending on the hiocharge temperature
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Fig. 3. The efficiency of air cleaning from xylene after the air passed five layers of the
filter at the air flow of 144.69 m/h, depending on the biocharge temperature

by 5%, on average. This fact was proved by experimental testing.
For example, when the charge temperature is 7 °C, and the initial
concentration of butanol in the filter is 45 mg/m®, the efficiency
of pollutant removal is 69%. Whereas, at the charge temperature
of 14 °C, the efficiency of air cleaning from butanol (with its
initial concentration of 46 mg/m®) was 74%. Similar test results
were received while experimenting with the other pollutants
tested: butyl acetate and xylene. When low concentration pollut-
ants (up to 30 mg/m®) pass the filter at the temperature of 14 °C,
the cleaning efficiency of the air passing through five layers of
the charge is 64% (xylene), and 82% (butyl acetate). When con-
centrations of the above mentioned pollutants were increased to
100 mg/m®and the same conditions were maintained in the fil-
ter, the efficiency of air cleaning from xylene was 44% and clean-
ing from butyl acetate was 65%.

At the temperature of 28 °C in the filter charge, similar tests
were carried out on the shift of the filter efficiency applying dif-
ferent initial concentrations of pollutants of different chemi-
cal nature (butyl acetate, butanol and xylene). The latter tests
revealed that the filter efficiency results were much higher than
those in the previous tests when the temperature of 7 and 14 °C
was maintained in the filter. For example, when concentrations
of pollutants in the filter were 30 mg/m’, the air cleaning effi-
ciency went up by 19-18%, on average (Figs. 1-3). When the ini-
tial pollutant concentrations were increased to 100 mg/m®, the
air cleaning efficiency was on average 13-14% higher. When the
initial butanol concentration was 94 mg/m?, the air cleaning ef-
ficiency was 78%, respectively; when the initial concentration
of butylacetate was 95 mg/m’, the cleaning efficiency was 77%;
and when the initial concentration of xylene was 98 mg/m’, the
cleaning efficiency was 53% (Figs. 1-3).

Considering the capacity of microorganisms to oxidize pol-
lutants in question, it could be stated that the highest efficiency
of this process is achieved when the temperature of 28 °C is
maintained in the charge. Analysis of individual pollutants and
biological degradation of their concentrations revealed that
oxidation of water-soluble compounds (butyl acetate and bu-
tanol) by microorganisms living in the filter charge was more
intensive; and that of less water-soluble and slowly biodegrad-
ing compounds, such as xylene, was less intensive. Degradation
of pollutants with the initial concentrations relatively low (up
to 30 mg/m’) is easier and more efficient, i. e. test results of dif-
ferent initial concentrations differ only by several percent. A
greater difference between efficiency results is observed when

pollutants passing the filter are of higher concentrations (from
30 to 100 mg/m?), and lower temperature regime (7 and 14 °C) is
maintained in the biocharge.

CONCLUSIONS

Applying different temperature regimes (7, 14 and 28 °C) of the
filter charge, temperature variation dynamics depending on the
microorganism group, velocity of biochemical reactions, tem-
perature of the injected air flow and initial pollutant concentra-
tions, was recorded.

Air cleaning efficiency depends on the filter charge tempera-
ture and pollutant nature. For example, when initial concentra-
tions of butyl acetate and butanol are below 30 mg/m’ and that
of xylene is below 21 mg/m?, pollutants are removed with the
efficiency of 59-77%, when concentrations are increased, the ef-
ficiency of air cleaning drops down (from 76-77% to 39-41%).

When low concentration pollutants (up to 30 mg/m?) pass
the filter at different temperature regimes (7 and 14 °C), the
cleaning efficiency of the air passing through the charge is 5%
higher, i. e. in the case of xylene it is 64%, and in the case of butyl
acetate and butanol it is 82%. When the initial concentrations
of pollutants were increased to 100 mg/m®, the efficiency of air
cleaning from xylene was 44%, and that from butyl acetate and
butanol was 65%.

With the temperature of 28 °C maintained, the filter efficien-
cy was much higher. With the initial pollutant concentrations
equal to 30 mg/m’, the cleaning efficiency increased by 18-19%.
When the initial pollutant concentrations were increased to
100 mg/m’, the air cleaning efficiency was 13-14% higher, on
average. For example, when the initial butanol and butyl ac-
etate concentrations were 94 mg/m’, the air cleaning efficiency
was 77-78%, and when the initial concentration of xylene was
98 mg/m’, the cleaning efficiency was 53%.
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BIOFILTRO TEMPERATUROS REZIMO REIKSME ORO
VALYMUI

Santrauka
Oro valymo metu biofiltre kultivuojami mikroorganizmai labai pri-
klauso nuo aplinkos ekologiniy veiksniy, kurie turi jtakos gyvy organiz-
my vystymuisi, dauginimuisi, gebéjimui oksiduoti ter$alus ir pan. Vieni
svarbiausiy filtro mikroorganizmy aktyvuma ir oro valymo kokybe
salygojanciy ekologiniy veiksniy yra temperatara bei tyrimy metu per
filtra leidZiami lakieji organiniai ter$alai. Darbo metu jvertintas biofil-
tro efektyvumas, keiciant jo jkrovos temperatiiros rezima (7, 14 ir 28°C)
leisti skirtingu pradiniy koncentracijy (iki 100 mg/m®) tiriamieji tersa-
lai (butilacetatas, butanolis ir ksilenas). Oro valymo efektyvumas pri-
klauso nuo filtro jkrovos temperataros ir ter$aly kilmés. Pavyzdziui, kai
jkrovos temperatara 7°C bei pradinés butilacetato, butanolio koncen-
tracijos iki 30 mg/m’, o ksileno iki 21 mg/m’, teraly valymo efektyvu-
mas 59-77%, padidinus koncentracijas valymo efektyvumas sumazéja
(nuo 76-77 iki 39-41%). Palyginus jkrovoje palaikomus temperatiros
rezimus (7 ir 14°C), esant aukstesnei kaip 14°C temperaturai, oras i§-
valomas 5-10% efektyviau. Biojkrovoje palaikant 28°C temperatiirg,
gautas gerokai didesnis filtro efektyvumas. Pavyzdziui, dél butilacetato
ir butanolio, kuriy pradinés koncentracijos 94 mg/m’, oro valymo efek-
tyvumas net 77-78%.

RaktazodZiai: biofiltras, biojkrovos temperatira, temperatiros re-
zimai, lakieji organiniai junginiai, savaiminé mikroorganizmy asociaci-
ja, biocheminé reakcija



