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Abstract: Biological air pollution control (APC) technology is now used for control of air pollution as
an attractive technology for pollution prevention by treating and recycling air steams from manufacturing
operations in a closed system. The aim of the study was to identify a potential immobilization material
in the biofilter, which could do the adsorption of NO, gas effectively and possess good bacterial
immobilization capacity. Nitrosomonas europaea is useful for removal of ammonium gas from air by
wood charcoal packed biofilter. An experiment with Nitrosomonas europaea, in anaerobic environment,
indicated that nitrate concentration above 300 mg/L inhibits the microbe. Nitrosomonas europaea
reactor used for the treatment of nitrate can work within a range of 100 to 500 mg/L without any
inhibition. The column was able to remove NO, completely and the effluent NO, concentration became

non-detectable.
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Introduction

Nitrogen oxides can adversely affect human
health and be detrimental to the environment.
Waste gases that contain volatile organic
compounds (VOCs) are facing increasingly
stringent environmental regulations all over the
world, raising the need for efficient treatment
methods. Besides being odorous, VOCs are
responsible for the production of pollutants
known as photochemical oxidants, principally
ozone. These compounds could be toxic to
humans, damage crops, and are implicated in the
formation of acid rain [1].

Odour is a serious cause of community
annoyance and a problem that increases with
greater public awareness of the quality of the
environment and possible control measures [2].
With growing proportion of the world’s
population living in urban areas and residential
and commercial developments being constructed
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ever closer to municipal or industrial facility
boundaries, odour problems will likely increase
in the future [3,4]. There is a range of different
sources that could cause the nuisance, for
instance traffic, restaurants, farming, industrial
and public operations such as pulp mills,
wastewater treatment, and composting [5,6].

In order to control VOCs as well as odours
emitting from industries (Table 1), biofilters are
being used now a days instead of chemical
complex absorption method. Biofiltration is a
complex process with many physical, chemical,
and biological phenomena [7]. The use of
heterotrophic organisms (organisms requiring
organic carbon as an energy and carbon source)
has already been demonstrated where during the
infiltration process contaminated gases are
passed through the reactor and pollutants are
transported into the biofilm. Here, the gases are
utilized by microbes as carbon source, energy
source or both. Through oxidative reactions, the
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organic contaminants are converted to odourless
compounds, such as carbon dioxide, water
vapour, and organic biomass. When degrading
inorganic compounds, such as hydrogen sulphide,
autotrophic bacteria utilize carbon dioxide as a
carbon source resulting in the production of new
biomass and sulphate or elemental sulphur. The
actual biochemical reactions involved are very
complex. [8,9,10,11,12,13,14]. At present, major
use of biofilters is limited to European countries
for air pollution, odor and VOC control, where
these have been described as Best Available
Control Technology (BACT) [15]. India, one of
the most industrialized and hence one of the much
polluted nations in the world, has already started
showing its concern towards control of toxic
emissions in the air [16]. Biofilters offer two
major advantages to an energy-starved country
like India. Their power consumption is very low
(1.8 t0 2.5 Kwh/1000m?*) as compared to the other
APC Technologies. Secondly, their capital
operating costs are very low which can be an
added boon in our industries, which opt for very
economic pollution control technologies [17].

Several typical biofilter operating conditions
(Table 2) are commonly used to efficiently
control inorganic toxicants such as H,S, SO, [20]
(emitted from refineries), NH, emissions from
fertilizer plants, odors from sugar industry,
distilleries, breweries, and such organic
carcinogens as benzene, formaldehyde, methylene
chloride [19]. Thus, biofilters can be a profitable
device, which can offer Bangladesh a clean
environment in the 21% century. A number of
extensive reviews and studies regarding the
development and technical aspects of bio-
filtration have been published in the past decade
[21,22,23,24,25,26,2728,29]. Additionally, much
effort has been made for developing models to
predict biofilter performance under various
conditions [30,31,32,33,34, 35,36]. The major
limiting constraints of biofilter applications have
been the large space requirements and frequent
media replacements as a result of deterioration
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or ageing [37]. From this point of view, the
present study was conducted to develop a user
friendly and economical system for the removal

of NO, from industrial sources.

Table 1. Applications of biofilter [7].

VOC Abatement Applications

Odor Abatement Applications

¢ Chemical and Petrochemical

Industry

Oil and Gas industry

Synthetic Resins

Paint and Ink

Pharmaceutical Industry

Waste and Wastewater

Treatment

+ Soil and Groundwater
Remediation

* & & 0 o

Sewage Treatment

Slaughter Houses

Rendering Plants

Gelatin and Glue Plants

Agricultural and Meat

Processing

+ Tobacco, Cocoa and Sugar
Industry

¢ Flavor and Fragrance

* ¢ & 0 o

Table 2. Typical biofilt

er operating conditions

for waste air treatment [8].

Parameters

Typical values

Biofilter layer height
Biofilter area

Waste air flow

Biofilter surface loading

1tol.5m

1 to 300 m?

50 to 300,000 m*/h
5 to 500 m*/m%h

5 to 500 m*/m>.h

Biofilter volumetric loading
Bed void volume 50 %
Mean effective gas residence time | 15 to 60 sec.

Operating temperature 15t0 30 °C
pH of support material 61to 8

Typical removal efficiencies 60 to 100 %
Water content of support material | 60 % by mass
Inlet air relative humidity 98 %

Materials and Methods

The reactor was packed with wood charcoal
having size 0.8-1.0. The biofilter was made of
plexiglass with 10 cm dia and 100 cm depth. The
gas generator consisted of a closed bottle of
capacity 5L having an opening at the top (Fig.1).
The bottle was first filled with NH,C and heated
at 60-70° C.

The experiment was conducted in two
experimental phases. In first phase, the charac-
teristics of Nitrosomonas europaea in anaerobic
environment in the presence of nitrate were found
out. In the second phase, the potentiality of
immobilization material in the biofilter, which
could adsorb NO, gas effectively as well as
possess good bacterial immobilization capacity
was identified.
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Table 3. Set up of the experiment.

Parameters Typical values

Biofilter layer height 120 cm

Biofilter area 170 m?

Waste air flow 50 to 300,000 m*/h
Biofilter surface loading 5 to 500 m*/m>h
Biofilter volumetric loading 5 to 500 m*/m*.h
Bed void volume 50 %

Mean effective gas residence time| 15 to 60 sec.
Operating temperature 15 to 30 °C

pH of support material 6to8

Typical removal efficiencies 60 to 100 %

Immobilization Procedure

Nitosomonas europaea in 100ml of
ammonia nutrient media was harvested by
centrifugation and then washed three times with
sterile 4% Na-alginate solution. The Na-alginate
solution containing the cells was dropped into a
4% CaCl, solution using a syringe. It immediately
formed 3 mm diameter immobilized beads. These
beads were activated by flashing with sterile
buffer solution for 5 hr. The initial concentration
of the biomass was 10,000 CFU/g-dry bead.

Statistical analysis

Difference between the means under the
four different nitrate concentrations, both in the
presence of nitrate and NO, were analyzed using
one way ANOVA and the analysis was carried
out using the statistical package SPSS.

s

Figure 1. Schematic of Biofilter. 1= NO_ generator bottle; 2=
Funnel; 3= Chemicals (HNO, + Cu); 4= Connected pipe; 5=
Support; 6= Flow rate measurement meter; 8= Support; 9= Waste
collector bottle; 10= Upper part of biofilter; 11= Lower part of
bio-filter; 12= Pipe; 13= Pump for recycle of waste; 14 = Pipe;
15=Pipe; 16 = Gas collection for measurement.
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Results and Discussion

Growth kinetics of Nitrosomonas europaea in
anaerobic environment in presence of nitrate

Nitrosomonas europaea showed three
phases of bacterial growth lag, log and stationary
phase (Fig. 2). Initially, there was no increment
in biomass concentration over time since the
bacterium came to a new environment and took
time to grow in the presence of nitrate. In the log
phase, the biomass increased time-dependently.
After some time (in stationary phase) there was
no further increment in the biomass as there was
no further substrate available for the bacterium.
In other words, the bacterial growth rate and the
decay rate became almost the same in this phase.
The specific growth “p” increased till the nitrate
concentration reached 300 mg/L. Later, “p” value
reduced drastically. This shows that high nitrate
concentration may be inhibitory for anaerobic
bacteria. Lalan [20] conducted an experiment
with sulphate and showed that the concentration
of biomass increases with increase in the
concentration of sulphate up to 2000 mg/L. They
noted that further increase in sulphate concentration
drastically decreases the growth rate, and the
specific growth rate increases up to 300 mg/L (P
<0.05) of sulphate [20]. Chan et al. [ 38] have
shown that the exponential growth phase for
Bacillus sp during a period of 3 to 8 days (with
generation times of 9 to 33 h) is followed by
slower growth, and after a stationary phase of 25
to 40 days, the bacterial number starts to decrease,
probably due to substrate and/or oxygen
depletion, or unfavorable pH.

Table 4. Specific growth rate of Nitrosomonas
europaea at different nitrate concentration.

Nitrate
conc, (mg/ 100 200 300 400 500
L)

i (h") 0.0375 0.0455 0.0481 0.0098 0.0118
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Figure 2. Growth curve of Nitrosomonas europaea in
presence of nitrate. Values represent mean + SE of
three replication. * P < 0.05.
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yield of Nitrosomonas europaea using nitrate as
electron acceptor was found to be 1.67.

Growth kinetics of Nitrosomonas europaea in
anaerobic environment in presence of
Nitrogen dioxide

There were again three distinct phases i.e.
lag, log and stationary (Fig. 5) in the growth of
Nitrosomonas europaea in anaerobic environ-
ment in the presence of NO,. The biomass
increased with increase in the concentration of
NO, up to 500 mg/L (P < 0.05).

Table 5. Specific growth rate of Nitrosomonas europaea
in the presence of different NO, concentrations.

NO, conc,

(rﬁg/L) 100 200 300 400 500

i (h") 0.0402 0.0472 0.051 0.038 0.029

Figure 3. Maximum specific growth rate for
Nitrosomonas europaea.
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Figure 4. Nitrosomonas europaea growth yield
curve in the presence of nitrate.

Maximum specific growth rate of 0.0565 h!
was obtained for Nitrosomonas europaea in
anaerobic environment using nitrate as electron
acceptor (Fig. 3). The slope of the graph between
maximum concentration of biomass and nitrate
concentration gave growth yield (yield
coefficient) for the bacterium (Fig. 4). The growth
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Figure 5. Growth curve of Nitrosomonas europaea
in presence of nitrogen dioxide. Values represent
mean + SE of three replication. * P <0.05.
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Figure 6. Maximum specific growth rate
for Nitrosomonas europaea in presence of
nitrogen dioxide.
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Figure 7. Growth yield for Nitrosomonas europaea
in presence of nitrogen dioxide.

Maximum specific growth rate of 0.0584h-!
was obtained for Nitrosomonas europaea in the
anaerobic environment using NO, as electron
acceptor (Fig. 6). The slope of the graph between
maximum concentrations of biomass and NO,
concentration gave growth yield (yield
coefficient) for the bacterium (Fig. 7). The growth
yield of Nitrosomonas europaea using nitrate as
electron acceptor was found to be 1.68.
According to Otten et al. [39], biofiltration of
butyric acid is possible. According to them over
97% of the total removal is accomplished at the
upper layers. They also reported that bacterial
growth has a relationship with temperature and
loading rate i.e. loading rate has an influence on
removal efficiency.

Conclusions

* Nitrate concentration above 300 mg/lit in
anaerobic environment causes inhibition to
Nitrosomonas europaea.

*  Any Nitrosomonas Europaea reactor used
for the treatment of NOx can work within a
range of 100 to 500 mg/L and the effluent
NO, becomes non-detectable.
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