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INDUSTRIAL ECOLOGY

A BIOFILTER CONTAINING A BIOLOGICALLY
ACTIVE LAYER OF PINE BARK FOR REMOVING
VOLATILE HYDROCARBONS FROM AIR

P. Baltrenas and R. Vaiskunaite

There are various industries (chemical, petroleum, wood-working, food, and so on) that discharge organic com-
pounds (volatile hydrocarbons) into the atmosphere (butyl acetate, butanol, methanol, formaldehyde, phenol, benzene
toluene, xylene, and so on), which pollute the air. To clean the air, one needs efficient and cheap methods. These are met
biological methods based on biofilters in which the biologically active layer contains microorganisms that use the organic
pollutants in their life activities as sources of water and carbon [1-8].

The filler in a biological air cleaner may employ natural material (straw, bark, peat, and so on) or synthetic materi-
al (crushed brick, glass tubes, and so on), which are usually produced in various processes. The choice is determined by t
structure, porosity, sorptivity, working life, and cost. At Vilnius Technical University, we have made a biofilter containing a
biologically active layer of pine bark, in which an association of natural microorganisms is cultured [9-12].

Here we evaluate the performance of the filter (over a period of 65 days) and determine the sorption behavior of var-
ious fractions (10-20 and 35-50 mm) in the biologically active layer made of pine bark. The filter received organic com-
pounds (butyl acetate, butanol, and xylene) at concentrations up to 108. mg/m

The filter (dimensions 0.5 0.48x 2.0 m) consisted of five active layers, which were separated by grids [2-5], which
provided a uniform air distribution. The polluted air was passed through all five layers by means of a fan. The flow rates
(56.70-144.69 |3hih) and speeds (0.8—2.0 m/sec) were regulated with slides in the inlet and outlet pipes.

The air speeds in the inlet and outlet pipes were measured with a TESTO-452 instrument containing a thermocou
ple. The error of the instrument increases with the air speed up to 2 m/sec.

The aerodynamic resistance of the active layer was measured with a DSM-1 differential manometer. Each measure
ment was made five times.

The filler was first moistened, and then nutritive elements were added and the filter was biologically activated by
passing organic substances through it.

In treating air, the filling should be kept at constant temperature (about 30°C), humidity (about 60%), and pH 7.2,
which may be measured with a pH 538 meter. The water content was determined periodically by weighing. The samples ¢
pine bark were dried to constant mass at 100-105°C.

The performance was determined with butyl acetate, butanol, and xylene at various concentrations, which were
obtained by heating these compounds in a test tube on a controlled hotplate. The temperature of the air coming for cleaning w
20-55°C. We used six different concentrations of the volatile compounds with intervals of 15—§C(upgtmloo mg/r?l) to
compare the oxidation capacity in the activated pine bark. Air samples were taken before entry to the filter and after it for
15 min at a speed of 0.2 liter/min by means of an Airchek 224-PCXR8 instrument, which employed glass collectors made ir
the USA (diameter 4.0 + 0.1 mm, length 7.00 £ 0.01 m) filled with activated charcoal (0.30—0.85 mm). The concentrations
were determined with a Hewlett Packard 5890 gas chromatograph, whose flame ionization detector had a sensitivity o
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Fig. 1. Biofilter effectivenessE as a function of timéin removing hutyl acetée (@), butanol p), and xylene g)
from air

4.10° mg/sec The glass column (diameter 3@®.1 mm,length 2.00t 0.01 m) vas flled with chromosorbWHP (fraction
0.15-0.18 mm) and 10% OB-101. Column terapge 90C, sensor 25TC, evaporator 200C. Chomaography gave the
concentations,and the esults vere used to calcuta the perdrmance

To detemine the sqution paametes, we used six @anic compoundstavalious concenttions difering by
15-20 mg/rﬁ (up to 100 mg/rﬁ). Ewvery 15 min,we took samplestantevals of 5 cm in deth in the hazontal and ettical
directions and #ded them with carbon disidle (2 ml).Then the samplesere anayzed with the Helett Packard 5890
chromaograph.An HP5 caillary column (diameter 0.58 0.10 mm,Jength 30.0Gt 0.01 m) contained a liquid phase com
posed of 5% diphsgthand 95% dimetyi polysiloxane Column tempeture 40C, detector andwaporator 250°C.

The peiments were conducted wer 65 dgs with gadualy increasing concerdtions of the arious compounds
and dhanges in the ifter working conditions in ater to detenine the pexdrmance and the gation paametes of the pine
bak in various fractions (10—20 and 35-50 mm).

We used btyl acetée, butanol,and xylene Bvarious concenstions,which were passed tlugh the Igiers & 2 m/sec
at initial tempestures of 20-58C, from which we estalished the esponse of thélfer and the pedrmance in sqition in
the actve layer (Fgs. 1 and 2).

After 65 das of opesation & low concentations (less than 30 mgﬁ)) the perbrmance #ained 80-98%The per
formance é&ll as the concerdtions of these compounds ieased fom 30 to 100 mg/Fh so the higher conceations had a
depressve efect on the miaorganismstheir reproduction vas afected and their gacity to xidize the oganic compounds
(Fig. 1) and so oriThe samedctos ma explain the educed pedrmance in s@tion (Fg. 2),so the iller volume should be
increased if the pollutant concegtions ae to incease

The soption perbrmance of the aate layer was higherdr the lutyl acetée and latanol,which ae also eadily oxi-
dized, by compaison with xylene

The perbrmance is also &dcted ly the fraction.The coase flaction (35—-50 mm) oreplacement ¥ the fner frac
tion (10—20 mm) sheed an impovement in pedrmance § 10-15%.

This occus because thenkr fraction has a lger surhce and ma@& micioorganisms Wing in it. This regulatity
applied for all three oganic compounds (liyl acet#e, butanol,and xylene) avarious concenttions.
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Fig. 2. Soption perbrmanceS of biologically active layer in klaion to timet in remaving butyl acetée @),
butanol ), and xylene ¢) from air

The flter effectveness and the q@ion perbrmance of the biolgically active layer were examined gery 20 das.
In the initial stge (up to 20 dgs), the pine bdt layer sorbed btyl acetée and ltanol well (up to 75-100%) ypcompaison
with xyleng which is spaingly solubde in water (up to 35-65%dig. 2a—), while the imbes of micoomanisms adated
to these pollutants eve fairly low: up to 216 cfu/g (cfu is colog formation unit for the micoorganisms).

At 20-40 dgs after the starthe layer became meractve and the ééctivenessase but the soption perbrmance
fell somevha (15%).At the same timgn pamllel with the ¢teaning of the ajithe soption of the xylene Y the biolaical-
ly active layer occured (Hg. 2c). The diference in sqution behaior is due to the wak actvity of the biola@jical medium.

At 65 days after the starthere was equilibium between the sgtion and the bideemical mehanismsij.e., the \ol-
ume of sorbed pollutant became equal to thieme of xidized maerial (60-90%,see kg. la—c, and kg. 2a—). These
results vere obtained with aapid increase in the umber of micoorganisms to (4.1—8.4)-%fu/g.

These esults she tha the perbrmance in emoving volatile hydrocarbons fom air is dpendent on the awgttion
time of the pine b#rlayer. For example with an initial hutyl acetée concentition of 78 mg/ngl, the perbrmance after 92 h
was 57%as aainst 62% after 480 2% after 960 hand 79% after 1440 his means thahe acte layer acquied moe
active associons of naural microorganisms.The longer the actiation of the lger by organic pollutantsthe better the per
formance in emoving air and the better theyler soption.
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