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Abstract. Investigation of microorganism quantitative and qualitative parameters in the hybrid load of the biofilter allows
improving the parameters of one of the most effective and cheapest air cleaning technologies of volatile organic com-
pounds (VOCs) — biofiltration process. The point of biofiltering is the partitioning of volatile organic compounds during
the metabolism of microorganisms. In pursuance to assure the best conditions for their growth, the biofilter is loaded with
biocharge mixture made of zeolite, foam and wood shavings. The device is filled with VOCs mixture consisting of: ace-
tone of ketone group; butanol of alcohol group and xylene of aromatic carbohydrate group. The optimal temperature of
30 °C is sustained in the air-cleaning device as well as neutral concentration of hydrogen ions (pH 6.9—7.1), biocharge
mixture is irrigated with mineral saline solution. The investigation results show that the biofilter is operating most effec-
tively 8 weeks after the end of its activation. The most propitious conditions for growing in the first biofilter cassette is
when mould fungus and bacteria cultures have grown, the distribution percentage of which is respectively 5.3% and
94.7% in regard to all grown colonies. The most acceptable for mould is the faction of zeolite granules and activated syn-
thetic foam cubes for bacteria.

Keywords: air cleaning, microorganisms, metabolism, biofiltration, volatile organic compounds (VOCs), bioload, effec-

tiveness.

1. Introduction

Since the number of means of transport, manufacture and
use of solvents are increasing rapidly as well as services
of publishing, VOCs use and segregation into the envi-
ronment increased as well. Hydrocarbons, alcohols, alde-
hydes, ketones, esters fall under VOCs. One of the mostly
used ketones is acetone. It is a very popular organic com-
pound in everyday life, which is mostly used in adulterat-
ing paint, glue and nail polish. In industrial activities this
chemical material is mostly used in textile, metal process-
ing sectors and solvent manufacturing (Bing 2005). Out
of alcohol group butanol should be mentioned. Butanol,
which has a strong fungicidal effect, is widely used for
protection of cultural values. In Lithuania, in document
preservation and restoration centre of M. Mazvydas Na-
tional Library, since the year 2000 the printouts harmed
by microfungus are disinfected in a hermetic chamber
using butyl alcohol steam (Minderiené, Kristaponis 2005).

Xylene, which falls under the aromatic hydrocarbon
group, can get through into the environment during burn-
ing of gasoline or tar; it also forms during the forest fires.
This chemical material, same as solvent, is widely used in
publishing, leather and rubber processing companies
(Kucerova et al. 1999; Vaiskiinaité ef al. 2009).

It should not be forgotten that despite the advantages
of using VOCs compounds, using this material too often
or in unlimited quantities not only brings harm to our
health but pollutes the environment as well. Environment

and atmosphere pollution caused use of a wide variety of
cleaning methods and creation of new technologies as
well as use in industrial activities and in everyday life
(Baltrénas et al. 2004; Baltrénas and Zagorskis 2010).

Scientific research proved that one of the most effec-
tive and cheapest air-cleaning technologies clearing the
air from VOC:s is biofiltering. The essence of the method
is the partition of volatile organic compound with help of
micro organisms (Zigmontiené and Baltrénas 2004). The
bacteria, yeast, fungus play the main part in the process
of biodegradation of VOC, which had gotten through to
the environment due to natural or industrial processes.
The biological partition of VOCs with help of microor-
ganisms is possible when these components are used as
energy and carbon sources for micro organisms. When
parting VOCs new microorganisms are growing (catabo-
lism is in progress), components oxidize to carbon diox-
ide and water (Baltrénas er al. 2004; Vaisktinaité et al.
2005).

The growth of microorganisms happens in accor-
dance to such a scheme: inert phase; growth phase; sta-
tionary phase; and lethal phase (Fig. 1). The growth of
microorganisms in the closed utensil is limited by either
feeding medium expenditure or accumulation of toxic
metabolism products (Masteikiené 2002).

All the four phases presented in the Fig. 1 are impor-
tant for the biological degradation process. To reach a good
product output, it is necessary to shorten the inert phase
(phase I) as much as possible and increase the speed of
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Fig. 1. Growth phases of microorganisms in closed system:
I — lag phase, I — exponential phase, III — stationary phase,
IV —lethal phase (Prescott et al. 1994)

microorganism growth in the growth phase as well as
prolong the duration of that phase. This is done to receive
the highest possible density of microorganisms at the end
of the process (Pukalskas 2007).

The highest impact on the microorganism reproduc-
tion and biochemical reaction speed is caused by tem-
perature. The best reproduction of microorganisms
happens at an optimal for them temperature (Baltrénas
and Zagorskis 2008; Tymczyna et al. 2004).

The dependence of microorganism growth speed on
temperature may be expressed by Arenius equation:

i+c
2.303RT

where V — reaction speed; A H — reaction energy; R — gas
constant; 7' — temperature K.

However, this equation is only valid at certain tempera-
ture limits in which the microorganisms survive. It is usually
considered that life can exist at a temperature limit from —
5°Cto +95 °C (Prescolt er al. 1993; Pukalskas 2007).

The main element of biological air cleaning is bio-
charge which is necessary as microorganism substratum.
Various biocharges such as natural compost, turf, wood
shavings or wood bark (Baltrénas and Vaiskunaité 2003;
Baltrénas and Zagorskis 2009) as well as man-made ce-
ramic beads, foam or plastic are used in practice (Yun and
Ohta 1998; Lugauskas et al. 1997). To prolong the period
of biocharge operation, it is necessary to combine natural
and artificial charges in one biofilter cassette, since some
of them have biological effectiveness and others — good
sorption qualities (Fig. 2).

logjgV = ()

Fig. 2. Material used in the process of biofiltration: a — zeolite
structure, b — foam

For example, when mixing wood shavings with zeo-
lite or foam, such a mixture has better moisture sorption
qualities, low density and large active surface area. Be-
sides, VOC, after it has absorbed into the porous material,
remains longer in the cleaning device, in such way mak-
ing the appropriation of them for microorganisms easier,
thanks to which the VOCs are fissioned more effectively
(Baltrénas et al. 2004; Baltrénas and Paliulis 2002).

Goal of research: to determine and evaluate quanti-
tative and qualitative microbiological parameters in sepa-
rate biocharge mixture factions when activating the
biofilter with the VOCs mixture and maintaining constant
temperature of biofilter charge.

2. Investigation methods

Experimental research of quantitative and qualitative
microbiological parameters is performed in an air-
cleaning device—biofilter (Fig. 3). 1-5 cartridges of this
device were charged with the same biocharge mixture of
wood shavings, 10x10x30 mm size foam cubes and zeo-
lite granule (size of granules 8—12 mm) factions. Overall
volume of the cassette is 0.135 m’. The biocharge mix-
ture is received by mixing these factions at a ratio of
1:1:1. Each cassette is separated by metal nets for main-
taining equivalent air flow in the entire device (Baltrénas
and Zagorskis 2007a).

The biofilter charged in such a manner is activated
for 2 weeks. During this time the biocharge mixture is
irrigated in automatic mode (7-8 s/h) by nozzles set up
above each cartridge. During the day, to maintain the
humidity of the entire biocharge, about 10 litres of water
is sprayed from a water reservoir. To maintain the vital
and reproduction functions of microorganisms, the water
used for the charge irrigation is saturated with the solu-
tion of mineral salts, the composition of which in 1/ of
water is: 1g — K,HPOy; 0.5g — KCl; 0.5g — MgSO,-7H,0;
0.1g — FeSO,4-7H,0 and 0.9g — NaNO;.
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Fig. 3. Air-cleaning biofilter. Dimensions of the device:
0.75%0.9%2.2 m. Dimensions of the cassette: 0.75x0.9x0.2 m
(Baltrénas and Zagorskis 2008)



Journal of Environmental Engineering and Landscape Management, 2011, 19(1): 81-88 83

Neutral ion concentration (pH — 6.9-7.1) and an op-
timal temperature of +30 °C are necessary for the self-
sustained existence of the microorganisms in the mixture
of charges (Baltrénas and Zagorskis 2007b). To maintain
neutral pH during the investigation, buffer solutions of
sodium and hydrophosphates were used.

VOCs (acetone, toluene and butanol) were evapo-
rated into the biofilter 2 times a day with the help of an
electric stove to maintain a steady VOCs concentration
which is necessary to sustain the life of microorganisms.
Since the evaporation time of these compounds is not
equal, the fixed 10 ml quantity of each compound was
evaporated separately.

The concentration of each of these compounds is
measured by a gaseous chromatograph in the biofilter.
When the chromatograph is switched on, the speed of
nitrogen gas is determined — 30 ml/min. speed of hydro-
gen gas — 30 ml/min. and speed of air — 200 ml/min. The
temperature of the column is 100+ 2 °C. The tempera-
ture of the vaporizer is 200 * 5 °C. When the chromato-
graph is ready, the gaseous pipette is slightly warmed up
until 45+ 2 °C and is sustained for 1 hour. Out of it
through the silicone hose 1 cm’ of analysed specimen is
infused into a clean medical syringe and later it is in-
jected into the gas chromatograph vaporizer. Not less
than 3 chromatograms are written down, according to
which the analysed specimen concentrations are calcu-
lated (Baltrénas and Zagorskis 2007a; Baltrénas and
Vaiskiinaité 2003; Baltrénas ef al. 2004).

The measured VOC concentrations are: acetone —
100 mg/m’; butanol — 50 mg/m” and xylene — 35 mg/m’.

During activation and experimental investigation,
which lasted 8 weeks, the same conditions were sustained
in the biofilter. Each week 3 g of each biocharge mixture
faction were taken out of each biofilter cassette in principle
of “rhombus”. In total 15 controlling specimens per week,
120 during the entire study period, were, collected. Con-
trolling specimen microbiological study is performed ap-
plying the determination of the overall number of micro-
organism method common in the microbiology practice.

The initial suspension of controlling specimen (pep-
tone saline: ferment casein hydrolysate — 1.0 g; NaCl —
8.5 g, distilled water — 1000 ml) is prepared in such a
manner to receive equal distribution of microorganisms in
the specimen and ten folded solutions are made to de-
crease the quantity of microorganisms in 1 g as much as
possible to be able to observe their colonies after the
incubation and count them in dishes (from 10 to 300 in
one dish). To that end the specimen of wood shavings
and zeolite are weighed at an accuracy of 0.01 g. Foam,
before weighing it, is thoroughly shredded. About
(1£0.01) g of specimens is weighed in sterile crusher
bags. Each specimen is placed into a separate bag. Each
bag is with weighed specimen is filled up with 9 ml of
thinner. The bag with its content is placed into the
crusher. The shredding process in the crusher takes about
2-3 min. The bags with shredded specimens are placed
into the stand and remain there for 15 min. in order to
allow larger particles to subside. In such a way the initial
suspension (107") of the specimen is prepared. To prepare

the further ten folded solution (1+0.01) ml of initial sus-
pension (10°") is measured with a sterile pipette of vol-
ume of 1 ml. It is then poured into the test-tube with 9 ml
of thinner. The surface of the solution in the test-tube is
not to be touched. The content of the test-tube is stirred in
a stirrer of Vortex type for 5-10 seconds. When stirring,
the liquid in the test-tube should not ascend higher than
2-3 cm. In such a way the initial suspension’s first ten-
fold solution 107 is prepared. For preparation of a further
tenfold solution 10~ the procedure is repeated. The num-
ber of prepared solutions depends on the implied with
microorganisms of the specimen with microorganisms.
Such solutions were prepared out of the wood chip, zeo-
lite and foam specimens: 10~", 1072, 107, 10, 10, 10°°
and 107", Quantity of (1+0.01) ml of solutions is seeded
into the Petri dishes: 107,107 107, 10, 107, 10° and
107

After seeding the analysed suspensions into the Petri
dishes, about 15 ml of 44 °C — 47 °C temperature breed-
ing-ground is poured into each dish right away (but not
later than in 15 minutes). Feeding medium, necessary for
determination of the overall number of microorganisms,
consists of: ferment casein hydrolysate — 5.0 g; yeast
extract — 2.5 g; waterless glucose (C¢H1,0¢) — 1.0 g; wa-
ter caltrop — from 9 g to 18 g (considering the water cal-
trop gel rigidity); distiller water — 1000 ml. The period
from the end of preparation of initial suspension until the
breeding-ground pouring into the dishes should not be
longer than 45 minutes. The crop and the breeding-
ground are quickly well mixed. They are kept on the
horizontal surface of the table until the feeding medium
freezes. The stagnation duration may be not longer than
10 minutes. When the medium on the dishes freezes the
dishes are flipped over with bottoms up and incubated in
the thermostat for 72+3 hours at a temperature of
30£1 °C. After the incubation period has ended the dishes
are taken out of the thermostat. First of all the growth in
the Petri dishes is checked. The results of control dishes
are registered in the journal. A dark background is placed
into the colony counting device tray, the device is
plugged into the power outlet and the colonies in each
dish, where less than 300 colonies have grown, are
counted. Very small colonies are also counted.

The number of the analysed specimen is determined
as weighted average and calculated from 2 sequential
solutions by using the formula:

c
N = 2 , 2
Voll-d

where >.C — amount of colonies counted in 2 analysed
dishes with 2 sequential solutions when at least 1 dish has
at least 10 colonies; /' — volume of seeded solution in the
dish in millilitres; d — solution that corresponds with the
first analysed solution.

Final result is expressed by the number of microor-
ganisms between 1.0 and 9.9 which is multiplied by 10*
(x is a number meaning how many numbers there are
after the first number or the whole number out of two
significant digits). The result is expressed as the number
of microorganisms for N gramme.
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3. Investigation results and discussion

In accordance with the received and statistically processed
study results of separate weeks, which are presented in
Fig. 4, it was decided to finish the microbiological investi-
gation in the biofilter after duration of 8 weeks since, ac-
cording to the curve of microorganism growth in a closed
system (Fig. 1), they are supposed to have reached the
stationary growth phase. The body of microbiological cul-
tures is the most massive in this phase. Since the speed of
VOC:s partition directly depends on the number of micro-
organisms, a conclusion can be drawn that in 8 weeks from
the beginning of investigation the air-cleaning device will
work most efficiently.
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Fig. 4. Dependence of the number of grown microorganism
colonies on time in the mixed charge of the biofilter

In accordance with the data provided in Fig. 4 the
microorganisms were tendentiously growing in the cas-
settes of the biofilter through the entire investigation and
the highest increase was determined after 7 and 8 weeks.
During this period on average respectively 9.83-107 and
9.86:107 cfu/g of microorganism colonies have grown in
each biofilter cassette. After comparing the results of 1*
and 8™ weeks an increase of microorganisms has been
noticed, and this creates hope that the device will be op-
erating efficiently.

The curves provided in Fig. 5 illustrate best the de-
pendence of the microorganism growth on biocharge
faction nature. These curves were formed after calculat-
ing the study results of separate weeks in each biofilter
cassette.
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Fig. 5. Dependence of microorganism cultures in the biofilter
on time in separate biocharge mixture factions

These results show that the most favourable medium
for the microorganisms to grow are the foam cubes of a
size of 10x10x30 mm. In this faction the growth of mi-
croorganisms was determined to be the fastest and the
highest, comparing the results of the first and last weeks.
During the first week in this faction on average
3.58:107 cfu/g of microorganism growth was registered
and during the 8™ week even 17.57-107 cfu/g — almost 5
times more. Although there were no microorganism cul-
tures found when analysing the control specimen of this
synthetic biocharge faction, the larger quantity of micro-
organisms was determined by better absorption features
of the foam (Fig. 2). When the charge porosity is higher,
a thicker layer of biomembrane forms on the charge sur-
face and it determines the higher microbiological activity
of the charge in the foam (Baltrénas and Zagorskis
2007a). However, the absorption features are not suffi-
cient for the biocharge. Although the zeolite granules of
10—12 mm thanks to their original nature are able to bet-
ter absorb than the foam cubes, the microorganism activ-
ity in this biocharge faction was noticed to be low in both
control and study specimens. During the entire investiga-
tion the number of microorganisms in gathered zeolite
specimens was determined to be rather low, the highest
value of it in the 6™ week of study was 0.96:107 cfu/g.
The growth dependency of microorganisms on time in the
zeolite faction could not be determined since the received
data were increasing as they were decreasing regardless
of the weekly study interval.

Just as it was expected, the most sable and propor-
tionate growth of microorganisms was in the biocharge
faction of a natural origin — in wood chips. During the 1*
week of study the largest number of microorganisms was
determined (5.97-107 cfu/g) compared to all the biocharge
factions, and it increased twice during the entire duration
of the investigation —to 9.71-107 cfu/g.

As seen in Fig. 6, the most favourable conditions for
the microorganism development were in the first biofilter
cassette. This was mostly caused by the air feed tube
installed in the bottom of the biofilter through which, as
described in the invesigation methodology, VOCc mix-
ture was let in twice per day. It is believed that the high-
est pollution concentration was a cause for such a
tendency of the microorganism growth.
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Fig. 6. Dependence of grown microorganism cultures on the
position of biofilter cassettes
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The quantity determined in the 1% cassette was
10.53-10” cfu 1 g of biocharge mixture, and the lowest
was in the 5™ cassette and reached 3.85-107 cfu 1 g of
biocharge mixture. The gradually decreasing number of
microorganisms in the 1-5" biofilter cassettes causes a
more efficient operation of the device.

The data provided in Fig. 7 allow to see in greater
detail the distribution of microorganisms in the biofilter.
Most of the microorganisms on all the biocharge factions
have grown in the 1% biofilter cassette: 21.19-10” cfu/g in
foam, 9.34-107 cfu/g in wood shavings and 1.05-107 cfu/g
in zeolite, compared to adequate factions in the other
biofilter cassettes.
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Fig. 7. Dependence of grown microorganism cultures on the
nature of biocharge mixture factions in separate biofilter car-
tridges

In the 2™ cassette the microorganism decrease in the
foam faction is obvious compared to the 1* cassette, be-
sides the kvs number in 1 g of material is very similar to
the wood shavings — respectively 8.66-10’ cfu/g and
8.09-10 cfu/g.

The most favourable medium for the microorganism
growth in the 3—5 cassettes is that of wood shavings. The
difference of the grown microorganisms in these two
cassettes on the wood shavings and foam remained simi-
lar. The least impact caused on the microorganism
growth, in regard to the cassettes, was in the zeolite fac-
tion. In this material of natural origin the microorganisms
were growing reluctantly, however, the tendency re-
mained the same as in regard to the wood shavings and
foam factions — when going up the biofilter the number of
grown microorganisms was decreasing.

The cultures of mould fungus and bacteria, found in
the biofilter during the experimental investigation, made
respectively 5.3% and 94.7% in regard to all the discov-
ered cultures. Such a low number of the mould fungus
may have resulted from the use of butanol as VOCs. As
mentioned above, butanol has a strong fungicidal effect
and is widely used for protection of cultural values from
the mould fungus destruction. Furthermore, some mould
fungus secretes materials which prevent the bacteria from
multiplying. It is beneficial for the fungus since the feed-
ing competitor is removed in such a way (Lugauskas et
al. 1997; Pukalskas 2007). The percentage of distribution
is rather similar in separate factions of the biocharge mix-
ture.
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Fig. 8. Distribution percentage of bacteria and mould fungus in
separate factions of the biocharge mixture

The data in Fig. 8 show that distribution of bacteria
and mould fungus in foam and wood shavings is very
similar, approximately 95% and 5%. A little lower domi-
nation of bacteria is noticed in the zeolite faction, respec-
tively 90% of bacteria and 10% of mould fungus.

Although using butanol prevented the growth of
mould fungus, domination of bacteria cultures was ex-
tremely obvious. The performed investigation proves that
namely bacteria have the biggest effect when splitting
VOCs. Their growth and domination in the biofilter
charge definitely increase the effect of the cleaning de-
vice.

The data of Fig. 9 show that the growth of bacteria
cultures was increasing in proportion to time during the
entire duration of the investigation — from 5.61-10” cfu/g
t0 9.42:107 cfu/g.

This proves that wood shavings as a natural material
is suitable for bacteria growth. This cannot be said about
the cultures of mould fungus. The growth of the latter
was rather “wavy” in the wood faction in regard to time,
and the largest number of them was discovered during the
6™ week of study — 0.64-107 cfu/g.

It is not surprising that the least of the mould fungus
has grown on the wood shavings during the last week of
study — 0.29-107 cfu/g. A conclusion can be drawn that
this was mostly caused by the evaporation of butanol in
the biofilter. Since the mould fungus can destroy and
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Fig. 9. Dependence of bacteria and mould fungus cultures on
time in wood shavings faction
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assimilate various organic material (wood, paper, leather,
plastic) thanks to the perfect ferment system, such a de-
crease of them at the end of investigation will allow keep-
ing the wood shavings faction unharmed as this material
is very important for the growth of bacteria cultures.

The data provided in Fig. 10 show that the zeolite
faction is the least stable component of the biocharge
mixture on which the microbiological cultures were
growing.

This faction shows no bacteria or mould fungus
growth tendencies in regard to time. Furthermore, the
highest number of grown bacteria was 0.95-107 cfu and
the highest number of mould fungus was 0.17-107 cfu per
1 g of material. The numbers are relatively low compared
to 1 g of wood shavings or 1 g of foam. This information
once again confirms the fact that zeolite, due to its tough
crystal gridiron and absorption qualities, can be used for
VOCs desorption and charge decrease and even for total
elimination of this process, as a support of the overall
structure of the biocharge mixture, but not as a medium
suitable for growing microorganisms.

The highest jump of growth of bacteria cultures dur-
ing the entire investigation period was noticed in foam
faction. After the first week of study after the biofilter
activation it was determined to be 3.68-107 cfu/g, at the
end of investigation it was even 19.01-10” cfu/g.
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Fig. 10. Growth dependence of bacteria and mould fungus on

time in zeolite faction
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Fig. 11. Growth dependence of bacteria and mould fungus on
time in foam faction

With reference to the previously described investiga-
tion results, where it is mentioned that no mould fungus
or bacteria were discovered in the control specimen of
foam before the activation of the biofilter, a conclusion
can be drawn that the longer this synthetic faction is acti-
vated, the more it will be favourable for microorganisms
to grow.

As the data in Fig. 11 show, foam is a favourable
faction for mould fungus to grow. Although after the 4™
and 8" weeks a decrease of micro organisms of that type
was noticed, a tendency still remains that when exploiting
the biofilter longer the number of the microorganisms
should increase.

Conclusions

1. When using a biocharge mixture of natural and
synthetic materials and considering their physical features
the efficiency of the biofilter can be increased and at the
same time the duration of its operation can be prolonged.

2. In reference to the received results, it may be
stated that the highest number of microorganisms was
discovered during the 7™ and 8" weeks of investigation.
The biofilter charged in such way with sustained tem-
perature of +30 °C, neutral pH and humidifying the
biofilter with a saline solution in it will operate most
efficiently in 7-8 weeks after the end of its activation.

3. Partition of the VOCs is mostly affected by bacte-
ria (the mould fungus and bacteria cultures were discov-
ered in the biofilter, the ratio of which respectively was
5.3% and 94.7% of the overall number of discovered
colonies), the number of which affects the efficiency of
the filter.

4. In reference to the investigation results, it was de-
termined that the number of microorganisms was decreas-
ing gradually when the biofilter cassettes were going up.
Most of the microorganisms were discovered in the 1%
biofilter cassette — 10.53-10” cfu/g, and the least — V —
3.85:107 cfu/g. Such distribution of micro organisms was
determined by the uneven pollution concentration in
separate cassettes.

5. The most favourable faction for microorganisms
to grow were the activated foam cubes. In the end of
research the highest number of microorganisms was dis-
covered — 19.01-107 cfu/g. The most stable in regard to
microorganism growth was the wood shavings faction. In
total during the entire research the number of microor-
ganisms changed by about ~ 1.6 times.

6. The research proves that the zeolite faction is not
the best medium for growing micro organisms; however,
by using its physical features, it is possible to increase the
effectiveness and durability of the biofilter.

References

Baltrénas, P.; Paliulis, D. 2002. Adsorbciniai oro valymo filtrai
[Adsorption air-purification filter]. Vilnius: Technika.

Baltrénas, P.; Vaisktnaite, R. 2003. Microbiological investi-
gation of activated pine bark charge for biofilters, Journal
of Environmental Engineering and Landscape Manage-
ment 11(1): 3-9.



Journal of Environmental Engineering and Landscape Management, 2011, 19(1): 81-88 87

Baltrénas, P.; Zagorskis, A. 2010. Investigation into the air
treatment efficiency of biofilters of different structures,
Journal of Environmental Engineering and Landscape
Management 18(1): 23-31. http://www.jeelm.vgtu.lt/upload/
environ_zurn/jeelm_vol18 nol 23-31 baltrenas.pdf.
doi:10.3846/jeelm.2010.03

Baltrénas, P.; Zagorskis, A. 2009. Investigation of cleaning
efficiency of a biofilter with an aeration chamber, Journal
of Environmental Engineering and Landscape Manage-
ment 17(1): 12-19. http://www.jeelm.vgtu.lt/upload/environ_
zurn/2009_1-12-19-jeelm-bal.pdf.
doi:10.3846/1648-6897.2009.17.12-19

Baltrénas, P.; Zagorskis, A. 2008. Quantitative microbiological
investigation of activated foam and zeolite charges used
for biological air treatment, in The 7th International con-
ference “Environmental Engineering®: selected papers,
May 22-23, Vilnius. Vilnius: Technika, 57-64.

Baltrénas, P.; Zagorskis, A. 2007a. Investigation into determi-
ning the humidity of charge used for biological air treat-
ment, Journal of Environmental Engineering and
Landscape Management 15(4): 193—199.

Baltrénas, P.; Zagorskis, A. 2007b. Biofiltro, uzkrauto aktyvuo-
ta ceolito ir medienos pjuveny jkrova, eksperimentiniai ty-
rimai [Biofilter to impose an activated zeolite and sawdust
loading, experimental studies], i$ Aplinkos apsaugos inzi-
nerija: 10-osios Lietuvos jaunyjy mokslininky konferenci-
jos ,, Mokslas — Lietuvos ateitis“, jvvkusios Vilniuje 2007
m. kovo 29 d., pranesimy medziaga [Environmental pro-
tection engineering: 10th Conference of Junior Resear-
chers Science — Future of Lithuania]. Vilnius: Technika,
94-101.

Baltrénas, P.; Zagorskis, A. 2008. Investigation of cleaning
efficiency of biological air treatment device with activated
charge of different origin, Journal of Environmental En-
gineering and Landscape Management 16(3): 113—120.
doi:10.3846/1648-6897.2008.16.113-120

Baltrénas, P.; Zigmontiené, A.; Vaisktinaite, R. 2004. Oro va-
lymo biotechnologijos |Biotechnology of air cleaning].
Vilnius: Technika. 207 p.

Bing, Q. 2005. Biofiltration for treatment of gas-phase VOC
mixtures. Institute of Applied Ecology, the Chinese Acad-
emy of Sciences [cited 13 February 2009]. Available from
Internet: <http://etd.lsu.edu/docs/available/etd
04082005140536/unrestricted/Qi_dis.pdf>.

Yun, S. I.; Ohta, Y. 1998. Removal of gaseous n-valeric acid in
the air by Rhodococcus sp. B261 immobilized onto ce-
ramic beads, World Journal of Chemical Technology and
Biotechnology 78: 795-801.

Kucerova, I.; Slezakova, M.; Vosatkova, K. 1999. Dezinfekce a
dezinsekce historickych materialu plynovanim [Disinfec-
tion disinfectation fumigation of historical materials],
Zpravy pamatkove pece [New heritage preservation]
59(8): 265-269.

Lugauskas, A.; Salina, O.; Repeckien¢, J., et al. 1997. Mikrobi-
ologiniai medziagy pazeidimai [Microbiological materials
violations|, Valstiec¢iy laikrastis [Farmers' newspaper]:
46-73.

Masteikiené, R. R. 2002. Maisto produkty mikrobiologija [Food
Microbiology]. Kaunas: Technologija.

Minderiené, R.; Kristaponis, A. 2005. Funguscidinio poveikio
cheminiy medziagy pritaikymo popieriaus konservavime
tyrimai [Funguscidin effects of chemical preservation of
paper surveys applications]: Lietuvos dailées muziejaus
metrastis. V1.

Prescott, L. M.; Harley, J. P.; Klein, D. A. 1993. Microbiology.
Second Edition. Wm C Brown Publishers, England.

Pukalskas, A. 2007. Maisto gamybos biotechnologija: moksliné
studija [The scientific study of “Food Production
Biotechnology”]. Kauno technologijos universitetas.
Kaunas.

Tymeczyna, L.; Chmielowiec-Korzeniowska, A.; Saba, L. 2004.
Biological Treatment of Laying House Air with Open
Biofilter use, Polish Journal of Environmental Studies
13(4): 425-428.

Vaiskinaité, R.; Laurinavicius, A.; Miskinis, D. 2009. Analysis
and evaluation of the effect of studded tyres on road pa-
vement and environment (1), The Baltic Journal of Road
and Bridge Engineering 4(4): 203-211.
doi:10.3846/1822-427X.2009.4.203-211

Vaiskanaite, R.; Baltrénas, P.; Spakauskas, V. 2005. Mathe-
matical modeling of biofiltration in activated pine-bark
charge of a biofilter, Environmental Science and Pollution
Research 12(5): 297-301. doi:10.1065/espr2004.12.234

Zigmontieng, A.; Baltrénas, P. 2004. Biological purification of
air polluted with volatile organic compounds by using ac-
tive sludge recirculation, Journal of Environmental Engi-
neering and Landscape Management 12(2): 45-52.

ORO VALYMO BIOFILTRO MISRIOS IKROVOS KIEKYBINIU IR KOKYBINIU MIKROBIOLOGINIU

PARAMETRU TYRIMAI
A. Zigmontiené, L. Zarnauskas

Santrauka

Mikroorganizmy biofiltro miSrios ikrovos kiekybiniy ir kokybiniy parametry tyrimai leidzia tikslingiau jvertinti vienos i$
efektyviausiy ir pigiausiy LOJ (lakiyjy organiniy junginiy) valymo i§ oro technologijy — biofiltracijos proceso parametrus.
Biofiltracijos proceso esmé — LOJ skaidymas vykstant mikroorganizmy metabolizmui. Siekiant uZtikrinti palankiausias
salygas jiems augti, kaip biofiltro biojkrova panaudota ceolito, porolono ir medienos drozliy misinys. | jrenginj buvo
leidziamas LOJ miSinys, i kurio sudétj i¢jo: ketony grupei priklausantis acetonas; alkoholiy grupei — butanolis ir aro-
matiniy angliavandeniliy grupei — ksilenas. Oro valymo jrenginyje buvo palaikoma optimali 30 °C temperatiira, neutrali
vandenilio jony koncentracija (pH 6,9-7,1), biojkrovos misinys drékintas mineraliniy drusky tirpalu. Tyrimy rezultatai
rodo, kad biofiltras efektyviausiai veikia pra¢jus 8 savaitéms nuo jo aktyvinimo. Uzaugus pelésiniy gryby ir bakterijy kul-
taroms (ju procentinis pasiskirstymas jrenginyje yra 5.3 % ir 94,7 % visy uzaugusiy kolonijy atzvilgiu) nustatyta, kad
palankiausios salygos augti pirmoje biofiltro kasetéje. Pelésiams tinkamiausia ceolito granuliy frakcija, o bakterijoms —

suaktyvinti sintetiniai porolono kubeliai.

ReikS§miniai ZodzZiai: oro valymas, mikroorganizmai, metabolizmas, biofiltracija, LOJ, ikrova, efektyvumas.
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NCCIEANOBAHUE KOJIMYECTBEHHbBIX U KAYECTBEHHBIX MUKPOBNOJIOT MYECKHUX
HAPAMETPOB BO3YXOOYNCTHOI'O BUO®HUIILTPA ITPM CMEILIAHHOM 3AT'PY3KE

A. 3urmonrtene, JI. ’KapHayckac
Peszome

HccnenoBanne KOMMYECTBEHHBIX M KAadECTBEHHBIX IAapaMETPOB MHUKPOOPTaHM3MOB NPH CMENIAHHOW 3arpyske Owo-
(GuIbTPa MO3BOJISIET COBEPIICHCTBOBATH MTAPAMETPHI OJJHON U3 caMbIX 3)(PEKTUBHBIX U JCLIEBBIX TEXHOJIOTUI 1O OUMCTKE
BO3/yXa OT JIeTyuuXx opranudeckux coexauHenuii (JIOC) — nponecca 6uoduibrpanmu. CyTh npoiiecca GnoduibTpanu
3akmoyaercs B pacuiersienun JIOC B npouecce Meraboau3mMa MUKpOOpraHu3MoB. B 1ensx obecriedeHus: cambix Ojaro-
HPUATHBIX YCIOBUI JUIsl UX pocTa OHMOQUIBTp 3arpyskajcsi OMOJIIOrHYECKOi CMECBIO U3 LIE0JINTA, TIOPOJIOHA U JIPEBECHOM
cTpyxku. B yctpoiictBo BBoamnack cmech JIOC, B cocTaB KOTOPO# BXOMWI alleTOH (TpyMIia KeTOHOB), OyTaHOM (rpymmna
CIIMPTOB) U KCUJIEH (TPYIINa YIIeBOI0POIOB). B BO3AyX00YHCTHOM YCTPOMCTBE MOIEpKUBAIACH ONTUMANIBHASI TEMIIepa-
typa (30 °C), HelTpanbpHast KOHIIEHTpaIWs HOHOB Bojopoaa (pH 6,9-7,1), Guonormdeckas 3arpy304Has CMeCh CMauMBa-
Jach pacTBOPOM MHUHEPATBHBIX colieif. [lomydeHHbIe pe3ynbTaThl CBUACTENHLCTBOBAIN O TOM, 4TO Haubosee 3dekTuBHO
OuoduibTp padoTaer cirycts 8 Hezielb Mocie OKOHYaHUS ero akTuu3aluu. Ilocie Toro, kak KyJibTypbl IPUOKOB IJIECEHU
1 OakTepuii, NPOLIEHTHOE pacrpesieieHue KOTOPhIX B YCTPOHCTBE COOTBETCTBEHHO ObLIO paBHO 5,3% u 94,7% otHocu-
TEJILHO BCEX BBIPALICHHBIX KOJIOHUH, BHIPOCIH, Hanbosiee 01aronpusTHBIMU ISl POCTa OKa3aluch yCJIOBHUs B IIEpBOi Kac-
cere Ouodmibrpa. Jns ruieceHn Hambosiee NpUeMIIeMOM oOkasanach (pakiys TpaHysl LeoJiuTa, a 1 Oakrepuit —
AKTUBU3UPOBAHHEIE KyOUKH CHHTETHUECKOTO TTIOPOJIOHA.

KuaruyeBble cjioBa: 04MCTKa BO3yXa, MUKPOOPraHW3Mbl, Meraboim3M, ouodumisrpamus, JIOC, 3arpyska, 3¢ dexrus-
HOCTb.
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