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A vast variety of air-purification methods are being used worldwide nowadays. The following are
the main features determining the choice of a method: a high cleaning efficiency, formation of
non-harmful splitting products, and a low price. Biological air cleaning equipment charged with
activated sludge is used for cleaning VOC (volatile organic compounds) polluted air. Despite of
the equipment’s small size, it can clean large amounts of polluted air (around 100 thous. m?). It
is convenient to use active carbon and active sludge suspension in the biological air-purification
equipment in order to make air cleaning more effective. Owing to its good adsorption coefficient
active carbon can be a perfect equivalent of an active sludge in such equipment.

The purpose of this research is to improve the purification efficacy of air-born volatile or-
ganic compounds using active carbon and active sludge suspension. The experiments where
carried out with three different organic substances: etilacetate, butilacetate and toluene. Data
were obtained by substituting organic substances as well as adjusting their concentrations and
active carbon mass (concentration).
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INTRODUCTION

Our idea of human effect on nature has changed markedly since
the middle of the 20th century making environmental pollution
the problem of nowadays.

Large amounts of organic substances are being released into
the atmosphere from different sources annually. Volatile organic
compounds are some of them. They are released into the atmos-
phere from different industrial enterprises: chemical, oil and
dye, petroleum refining, and food industry (Zigmontiené et al.,
2004). One of the largest air polluters has been various means of
transport. The problem of volatile organic compounds is being
particularly emphasised lately, as industrial companies are using
a large variety of varnishes, dyes, and solvents.

Air-purification methods have been used in order to de-
crease the concentration of polluting emissions and their harm-
ful effects on the environment. The main features that determine
the choice of a method are the following ones: a high cleaning
efficacy, formation of non-harmful splitting products and a low
price (Zigmontiené et al., 2003). The biological air-purification
method has all the above mentioned features. It could be eas-
ily used due to its simplicity. It is based on the biodestruction of
organic compounds into non-harmful splitting products using
certain microorganism cultures (Jakstaité et al., 1999).

Biological air-purification equipment charged with active
sludge is used for purification of air polluted with volatile organic
compounds. The equipment is rather simple in design and small-

-sized, as 1g of activated sludge contains about 1-10'-10"
microorganisms (Zigmontiené et al., 2002).

Using active carbon in addition to the active sludge charge in
the biological air-purification equipment seems to make air clean-
ing more effective. Active carbon is one of the most popular, well-
known and widely used adsorbents. The bigger surface area of the
hard substance (adsorbent), the better organic compounds absorb
into it and adhere to it. A specific surface of active carbon can be
as high as 1500 m*/g (Kirtys et al.,2002). The surface area is deter-
mined by adsorbent’s porosity (Baltrénas et al., 2002).

The purpose of these experiments is to analyze the efficacy of
biological air-purification equipment using active sludge alone
followed by the suspension of active sludge and active carbon
as a charge, and substituting organic substances one by one, by
etilacetate, butilacetate and toluene.

MATERIALS AND METHODS

Experiments were carried out using biological air-purifica-
tion equipment, created and manufactured by the VGTU
Environmental Protection Department in 2001 (Bakas etal.,
2001). Being of simple design and rather easy in exploitation, the
above equipment can be used in chemical, food, oil and dye, as
well as in petroleum refining industrial enterprises to neutralise
air-born volatile organic compounds.

The equipment consists of a vertical Venturi tube with a con-
fusor, a nick of the tube, a diffuser, a liquid tank connected to
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the diffuser, a flat drops’ separator and a protective net fastened
in the upper part of the tank above the diffuser. Active sludge is
pumped into the Venturi tube and is brought into contact with
the polluted air. A blower is connected to an air-inlet nipple. A
damper controls the flow of the supplied air.

Experiments were carried out with the above biological air-
purification equipment, using first active sludge alone as a charge
followed by suspension of active carbon and active sludge. Active
sludge was provided by the Vilnius City Cleaning Facilities.
Its sludge coeflicient was used as its quality indicator, and the
volume estimated occupied by 1 g of ASDM (activated sludge
dry material) measured 30 min. after sedimentation. The ideal
sludge sedimentation coefficient is 40-120 ml/g. The coefficient
of the active sludge used in the experiment was 100-110 ml/g.
Dry material mass was 7-9 g/I.

The buffer solution of NaOH or phosphoric acid (H,PO,) was
added to the charge in order to maintain the pH-value required
(6-8). The pH of the charge was measured using the pH 538 me-
ter. The temperature of the polluted air entering the equipment
during the experiment was 18-20 °C.

Throughout the experiments with active carbon and ac-
tive sludge suspension, active carbon brought from Vilnius City
Cleaning facilities was added to active sludge before the cleaning
process: in the first case 500 g of active carbon were added to 40 1
of active sludge, in the second case 200 g, in the third case 100 g
of active carbon were added.

The common expression of the active carbon specific surface
is 1500 m*/g. The following results are obtained after appropriate
calculations for each of our three cases: in the first case the ac-
tive surface area made up estimated 750 thous. m?, in the second
case 300 thous. m? in the third case 150 thous. m*

Experiments were carried out in laboratory conditions. The
airflow at the inlet and outlet nipples was measured by means of
the TESTO-452 flow meter.

Organic compound concentrations in both polluted and
cleaned air were analyzed using the Cvet 560 M gas chromato-
graph.

RESULTS AND DISCUSSION

The research was performed by substituting organic substances,
their concentrations and masses (concentrations) of active car-
bon.

The experiments were carried out with etilacetate, butilac-
etate and toluene.

The active sludge provided was poured into a tank and oxy-
genated. The concentration of the oxygenated active sludge re-
quired should be above 2 mg/l. It would otherwise slower down
or stop the biochemical processes within organic pollutants. The
equipment was constantly supplied with air, which would main-
tain an optimal concentration of the dissolved oxygen.

Active carbon concentration in the active sludge was being
changed during the experiments with active sludge and active
carbon suspension.

Fig.2 depicts a graph of dependence of purification on the
concentration of organic substances (etilacetate, butilacetate
and toluene) entering the equipment with active sludge charge.
Using identical air concentrations of 50 mg/m’ for all the sub-

stances, the highest purification efficacy (90%) was observed
upon the entry of etilacetate into the equipment, butilacetate
measured 75%, while toluene purification efficacy was 60%.
Increase in the concentration above 800 mg/m® and more,
decreases the efficacy of the equipment to 65% for etilacetate,
42% for butilacetate, and 30% for toluene. The amount of active
sludge present in the biological air-purification equipment is in-
sufficient to oxidize such concentrations of organic substances.
These results were also influenced by the concentration of active
sludge in the equipment. The toxicity effect has been demon-
strated by using a 4 g/l concentration of active sludge and high
concentrations of organic substances. The effect is caused by the
destruction of microorganisms by organic substances, which de-
crease microorganism concentration and can eventually inter-
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Fig. 1. Industrial biological air-purification equipment with active sludge recirculation
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Fig. 2. Dependence of purification efficacy on the concentration of organic sub-
stances entering the equipment: ¢ =4g/l; pH=16.9; amount of purified
air=300m’/h
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rupt the biodestruction process completely. As active sludge acts
as a good absorbent of organic substances, they were absorbed
in the water phase.

Increasing efficacy of the air-purification equipment was ob-
served by raising active sludge concentration in the equipment
from 4 g/Ito 6 g/l and 9 g/, while using the same concentrations
of organic substances (etilacetate, butilacetate and toluene).

In the first case (Fig. 2), where concentration of active sludge
used in the equipment was 4 g/l, and concentration of etilac-
etate entering the equipment was 50 mg/m’, purification effi-
cacy achieved was only 90%, while in the second and third cases
(Fig. 3 and Fig. 4), where concentrations of active sludge in the
equipment were 7 g/l and 9 g/1, respectively, and concentration
of etilacetate was identical, purification efficiency increased to
95% (in the second case) and to 99% (in the third case).
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Fig. 3. Dependence of purification efficacy on the concentration of organic sub-
stances entering the equipment: ¢ =7¢/l; pH=6.9; amount of purified
air=300m’/h
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Fig. 4. Dependence of purification efficacy on the concentration of organic sub-
stances entering the equipment: ¢ =9¢/l; pH=6.9; amount of purified
air=300m’/h
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Similar effect was observed during cleaning of the air pollut-
ed with butilacetate and toluene. Using concentration of 50 mg/
m?of the above compounds in the air and concentration of active
sludge of 9 g/l, the highest purification efficacy observed using
butilacetate was 83%, compared to 65% of that with toluene.

To make air cleaning more effective, it is convenient to use
not only active sludge charge in the biological air-purification
equipment, but also active carbon, which has good adsorption
qualities.

As demonstrated in Fig. 5, purification efficacy of the equip-
ment was very high when concentration of 12.5 g/l of active
carbon in active sludge was used. The highest purification effi-
cacy reached while cleaning the air polluted with etilacetate was
97%, with butilacetate 95%, with toluene 75%. These results were
markedly influenced by the specific surface area of active car-
bon, which in our case was 750 thous. m”. The larger the surface
area of the adsorbent (active carbon), the better is the absorption
of organic compounds, and the stronger is their adherence to it.

A decrease in the efficacy of the air-purification equipment
was observed, when the concentration of active carbon in the
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Fig. 5. Dependence of purification efficacy on the concentration of organic sub-
stances entering the equipment: C =4g/l; pH=6.9; amount of purified
air=300m’/h; ¢
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active sludge was lowered, thus lowering its specific surface area,
while using identical concentrations of organic substances in
the experiment. Purification efficacy reached 97% in the first
case (Fig. 5), where concentration of active carbon in the active
sludge was 12.5 g/l and its specific surface area 750 thous. m*
with the concentration of etilacetate entering the equipment be-
ing 50 mg/m®.In the second and third cases (Fig. 6, Fig. 7), where
concentration of active carbon in the active sludge was only 5 g/l
(300 thous. m?) and 2.5 g/l (150 thous. m?), respectively, with
identical concentration of etilacetate, purification efficacy was as
low as 92% in the second case and 91% in the third case.

A decrease in purification efficacy was also observed while
cleaning the air polluted with butilacetate and toluene in iden-
tical conditions. More efficient purification was observed when
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Fig. 6. Dependence of purification efficacy on the concentration of organic sub-
stances entering the equipment: C =4g/l; pH=6.9; amount of purified
air=300m’/h; ¢
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Fig. 7. Dependence of purification efficacy on the concentration of organic sub-
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concentration of organic compounds entering the equipment
(etilacetate, butilacetate and toluene) was about 50 mg/m?, and
active carbon specific surface area was 750 thous. m*

Fig. 8 illustrates the dependence of purification efficacy on
organic concentration of etilacetate entering the equipment.
Purification efficacy reached 92-97% in the first case (1), where
active carbon was used as a charge with active sludge in the bio-
logical air-purification equipment (C =4 g/l; pH=6.9;
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Fig. 8. Dependence of purification efficacy on the concentration of etilacetate enter-
ing the equipment (C atiestudge = 4 g/1; pH = 6.9; amount of purified air = 300 m*/h):
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After the active carbon concentration in the active sludge
was lowered to 5 g/l, thus decreasing its specific surface area
from 750 thous. m? to 300 thous. m? purification efficacy de-
creased by 5-7%, when compared to the first case.

In the third case (3), the mass of active carbon used was de-
creased by 10 g/l more in comparison to the first case. Thus, spe-
cific surface area was decreased to 150 thous. m* The purification
efficacy achieved in this case was 83-91% (it is by 6-9% lower
than in the first case and by 1-2% lower compared with the sec-
ond one). In the fourth case (4) polluted air was cleaned by ac-
tive sludge charge only. The purification efficacy was the lowest in
this case as compared to the first three cases: it decreased by 2-8%
when compared to the third case, by 2-10% in comparison with
the second case, and by 7-17% compared to the first case.

Figures 9 and 10 illustrate the dependence of purification
efficacy on concentrations of organic substances — butilacetate

and toluene - entering the equipment. The efficacy of butilace-
tate purification was lower in comparison with that of etilacetate
under identical conditions, while toluene was shown to hardly
dissolve in the suspension of activated sludge.

When cleaning the air polluted with butilacetate in the first
case (1) purification efficacy achieved was 90-95%, in the second
case (2) 83-89% (6—7% lower than in the first case), in the third
case (3) 81-88% (7-9% lower than in the first case and 1-3%
lower than in the second case). In the fourth case (4), where pol-
luted air was cleaned by an active sludge charge only, purifica-
tion efficiency achieved was only 55-75%, being 20-35% lower
when compared to the first case and 13-26% lower in compari-
son with the third case.
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Fig. 9. Dependence of purification efficacy on the concentration of butilacetate enter-
ing the equipment (C wivestudge = 4 g/l; pH=6.9; amount of purified air = 300 m*/h):
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The efficacy of purification of organic substances depends on
their ability to dissolve in water. Etilacetate is easily degraded by
biological means, that is why its purification efficacy is very high
and markedly exceeds that of the hardly degraded toluene. The
highest efficacy of toluene purification — 75% — was observed in
the first case (1) (Fig. 10), where polluted air was cleaned with
the suspension of active sludge and active carbon, using 12.5 g/1
concentration of active carbon. The highest efficacy of toluene
purification observed was by 22% lower than the highest efficacy
of etilacetate and by 20% lower than that of butilacetate.
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Fig 10. Dependence of purification efficacy on the concentration of toluene entering the
equipment (C_ =4 g/l; pH=6.9; amount of purified air =300 m*/h): 1-c
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The results of the experiments show a marked dependence of
the efficacy of biological air-purification equipment on the total
specific surface area of the system used. The air-purification efficacy
was the highest in the first case, as the polluted air was cleaned using
the suspension of active carbon and active sludge, with 12.5 g/l con-
centration of active carbon, and a total specific surface area for the
systems was a high as 766 thous. m” The result was 450 thous. m?
lower than in the second case(2), 600 thous. m? lower than in the
third case (3) and 750 thous. m? lower than in the fourth (4) case,
where polluted air was cleaned by active sludge charge only.

CONCLUSIONS

1. Experiments with organic substances in the biological air-
purification equipment show that equipment’s efficacy depends
on the mass of organic substances (concentration), as well as on
concentration of active sludge and concentration of active car-
bon in the active sludge.

2. Experiments performed in the biological air-purification
equipment with active sludge charge show that the highest pu-
rification efficacy of the equipment (99% for etilacetate, 83% for
butilacetate, and 65% for toluene) is observed when concentra-
tions of organic substances entering the equipment are around
50 mg/m?, with concentration of active sludge being 9 g/I.

3. The highest purification efficacy of the equipment (99%
for etilacetate, 95% for butilacetate, and 75% for toluene) were
observed, when polluted air was cleaned with a suspension of
active sludge and active carbon. These results are influenced by
the adsorption properties of active carbon.

4. The efficacy of biological air-purification equipment de-
pends on the specific surface area of the system used. The in-
crease of active carbon concentration in the active sludge in-
creases its specific surface area, thus enlarging the total active
surface area of the system.

5.The highest purification efficacy of the equipment was ob-
served for etilacetate (99%). Such a high efficacy is influenced
by the high ability of etilacetate to dissolve in water making it
one of organic compounds that are easily degraded by biologi-
cal degradation. The highest purification efficacy observed while
using butilacetate was 95%. This value measured 75% for tolu-
ene, as it is hard to degrade by biological means.
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BIOLOGINIO ORO VALYMO METODAS TAIKANT
VEIKLIOJO DUMBLO IR AKTYVINTOS ANGLIES
SUSPENSIJA

Santrauka

Vieni svarbiausiy nadienos klausimy daugelyje pasaulio $aliy - tai ra-
cionalus gamtiniy i$tekliy naudojimas bei aplinkos apsauga nuo jvai-
rios kilmes ter$aly, kurie kenksmingi ne tik aplinkai, bet ir Zmogui. Vis
dazniau kalbama apie jvairias Zmoniy sveikatos ir aplinkos apsaugos
problemas, kurias sukelia nekontroliuojami j aplinka i$skiriamy lakiyjy
organiniy tersaly (LOJ) kiekiai. Siai problemai spresti vienas perspekty-
viausiy metody — biologinis oro valymas.

Orui, uzterStam lakiaisiais organiniais junginiais, valyti taikomi bi-
ologinio oro valymo jrenginiai su veikliojo dumblo jkrova. Nepaisant
ju nedideliy matmeny, ant jkrovos uzaugusiais mikroorganizmais
valoma daug, iki 100 tikst. m*/h, uztersto oro. Efektyvesniam valymui
ir desorbcijos proceso eliminavimui patogu biologiniame oro valymo
jrenginyje naudoti veikliojo dumblo ir aktyvintos anglies suspensija.

Aktyvinta anglis pasizymi geromis adsorbcinémis savybémis, todél
suderinama biologiniame oro valymo jrenginyje su veikliuoju dumblu.

Tyrimy tikslas — padidinti lakiyjy organiniy junginiy, esanciy ore,
ivalymo efektyvuma, taikant veikliojo dumblo ir aktyvintos anglies
suspensija. Eksperimentai atlikti su trimis skirtingomis organinémis
medziagomis - etilacetatu, butilacetatu ir toluenu. Tyrimai atlikti
kei¢iant organines medZiagas, jy koncentracijas ir aktyvintos anglies
koncentracija veikliajame dumble.

Raktazodziai: lakieji organiniai junginiai, biologinis oro valymas,
veiklusis dumblas, aktyvinta anglis, adsorbcija



