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ABSTRACT

Ammonia is a colorless, toxic, reactive and corrosive gas with a sharp odor. It is irritating to the skin,
eyes, nose, throat, and lungs. Ammonia gas occurs in the environment naturally and is emitted by
many industries and, therefore, its control is essential. Biofiltration is a new emerging technology that
is being used as a control procedure. This study evaluates the use of a mixture of compost, sludge, and
pieces of PVC as biofilter media to remove ammonia gas. The study investigates the effects of parame-
ters such as inlet concentration, accumulation time, and depth of filter media to evaluate the removal
efficiency. A laboratory scale biofilter column was built and operated to investigate the removal of
ammonia from a waste gas stream. The findings indicate that for inlet concentrations of 236 ppm, and
ammonia loading of less than 9.86 g-NHs/m’.h at empty bed residence time of 1 min, an ammonia re-
moval efficiency of more than 99.9% was obtained. The acclimation period of the bacteria was 10 days.
The average pressure drop during measurement was 4.44 mm H,0. The study also revealed that for
concentration levels of 99, 211, and 236 ppmv, biofilter media depths of 40, 80, and 120 cm will be re-
quired, respectively. The results obtained in this study indicate that the biofiltration system composed
of compost in the mixture of sludge and smashed polyvinyl chloride as biofilter media is an efficient
method for the removal of ammonia from waste gas streams. It is also found that the optimum depth of
biofilter media depends on the inlet concentration of ammonia.
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INTRODUCTION

Ammonia is a colorless, toxic, reactive and
corrosive gas with a very sharp odor (Davis,
2000; Busca and Piostarino, 2003). Ammonia
vapor is irritating to the eye and the respiratory
tract and at high concentrations with acute
overexposure, can lead to death within minutes.
High concentrations of ammonia kill most or

*Corresponding author: Tel: +98 914 3151493, Fax: +98
411 3340634, E-mail: hteir@yahoo.com

because of their odors (Boyeette, 1999). Gase-
ous ammonia is mainly generated by livestock
farming; petrochemical industries; metal manu-
facturing plants; food, pulp, and paper indus-
tries; textile plants; waste treatment plants; and
sludge processing and composting plants
(Davis, 2000; Busca and Piostarino, 2003). In-
creasingly, stringent regulations for emissions
have stimulated research to develop more effi-
cient and cost effective control technologies
(George et al., 2001). The traditional treatment
of ammonia is based on physical and/ or chemi-
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cal processes, such as activated carbon adsorp-
tion and wet scrubbing condensers. Other
methods include thermal oxidation and catalytic
ammonia decomposition which are generally
expensive and produce secondary pollutants
(Davis, 2000; USEPA, 2002).

Air biofiltration has been practiced since the
early decades of the last century and has gained
much interest in recent years for controlling
odorous emissions into the air, toxic com-
pounds, and VOCs (Davis, 2000). The principle
of biofiltration is relatively simple: a contami-
nated air stream is passed through a porous
packed bed on which pollutant degrading cul-
tures of microorganisms are immobilized, and
air biotreatment relies on microbial reactions
for the degradation of waste compounds (De-
shusses and Cox, 2000). As the odorous and
contaminated air passes through the media, the
contaminants in the air stream are absorbed by
the biofilm. These contaminants are then oxi-
dized to produce biomass, CO,, H>O, NOs, and
SO4. Biofiltration is an emerging technology
(Sheridan et al., 2002), and in comparison with
traditional methods of air pollution control, it
offers a number of advantages for the treatment
of low concentrations of polluted air streams.
Besides its high removal efficiency, low capital
and operating costs, safe operating conditions,
and low energy consumption, it does not gener-
ate undesirable byproducts and converts many
organic and inorganic compounds into harmless
oxidation products (Deving et al., 1999).
Recently, a few studies on biofiltration utiliza-
tion to remove ammonia have been reported.
Kim (2000) studied the removal of high loads of
ammonia using newly isolated main bacterium.
In another study, the biological NH; removal
characteristics among four inorganic packing
materials were compared (Hirai et al., 2001). In
yet another, an immobilized cell biofilter was
utilized for the biotreatment of H,S and NH; re-
moval (Chung et al., 2000). Chung et al., (2001)
used immobilized hydrotropic bacteria to elimi-
nate ammonia and hydrogen sulfide.
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The objective of the present study was to em-
ploy biofiltration for the treatment of gas
streams polluted by ammonia. This study evalu-
ated the use of the mixture of compost, sludge,
and pieces of PVC as biofilter media for the re-
moval of ammonia gas. Along these lines, the
effects of such parameters as inlet concentra-
tions, accumulation time, and depth of filter me-
dia on the removal efficiency were investigated.

MATERIALS AND METHODS

Biofiltration system A three-bed layer biofil-
ter was designed, manufactured, and used in
this study (Fig.1). The biofilter was constructed
from a cylindrical metal container with a height
of 1.5 m and a diameter of 80 mm. The column
of biofilter was packed with the mixture of
compost (A), municipal sewage sludge (B), and
smashed PVC (C). The compost was supplied
from Isfahan Compost Facility and sewage
sludge was supplied from South Isfahan Waste-
water Treatment Plant. The compost was mixed
with sludge and PVC at a ratio of 3-2-1.

The packed biofilter material in each layer (A,
B, and C) was supported by a metal sieve plate.
Four gas-sampling ports were installed at the
inlet and outlet of each layer. In addition, three
media sampling ports were fitted in each layer
for taking samples from the packing material.
Temperature was measured daily by three ther-
mometers located at the mid level of each sec-
tion of the filter bed. To maintain a constant
temperature in the biofilter, the system was
equipped with a digital thermostat and a ther-
mocouple. The humidified air stream was pre-
pared by passing pressurized air through a wa-
ter-containing tower equipped with a thermo-
stat, called the humidification tower.
Measurement methods ~ Ammonia concentra-
tion was determined by the indophenols method
(Lodge and James, 1990). Temperature was
measured using an alcoholic glass thermometer
graduated from zero to 100 and a scale division
of 1 °C. The gas flow rate was measured using
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flow meters in 1/min that was calibrated with
the Wet Gas Meter. The pressure drop was de-
termined by a water manometer (with a mini-
mum division length reading of 1-mm water
column (H,O). Moisture of media was meas-
ured by weight loss after the medium sample
was dried at 103-105 °C for 24 h to constant
weight (APHA, 1992).

RESULTS

Acclimation time One of the major objec-
tives of the study was to determine the time that
bacteria need to acclimate to ammonia gas. In
this experiment, the first phase lasted for 83
days. As shown (Fig. 2), the removal efficiency
was low in the first few days during which
stage bacteria were acclimated to ammonia over
approximately 10 days. After that, removal ef-
ficiency increased by up to 99.9% and the sys-
tem became stable.

The effect of inlet ammonia concentrations on
removal efficiency  The other two major ob-
jectives of this research included (1) investiga-
tion of the removal efficiency of ammonia by
the biofiltration system, and (2) determination
of the maximum concentration that the biofilter
can remove. In order to achieve these objec-
tives, the system in this phase was operated for
83 days (Fig. 2) at a gas flow rate of 6.48 I/min
yielding an empty bed residence time (EBRT)
for the contaminated air stream of 1 min in the
biofilter column. At the beginning of the opera-
tion, the inlet concentration was 10 ppmv, and
then it increased gradually to about 236 ppmv.
During the first few days, the removal effi-
ciency was low but after the acclimation period,
the removal efficiency increased rapidly. The
maximum concentration that the system was
capable of removing was observed to be as high
as 236 ppmv. Also, the maximum ammonia
removal efficiency was measured at above
99.9%. When the influent ammonia concentra-
tion was between 10 to -236 ppmv, the effluent
ammonia concentration was found to be less
than 0.1 ppmv. However, by increasing the in-

fluent concentration to above 236 ppmv, re-
moval efficiency decreased and the system be-
came unstable. Fig. 3 shows the ammonia load-
ing and ammonia removal rate in the biofilter at
influent concentrations of 10 - 236 ppmv and
maximum ammonia load at 9.86 g-NHj3 /m’h.
Column pressure drop Resistance to gas
flow is the major factor that determines the
amount of energy needed by the blowers to
force the contaminated gas through the filter
(Abumaizar et al., 1998). In the course of the
experiment, the pressure drop was continuously
monitored by a water manometer and the read-
ings were plotted as a function of time and
ammonia loading. As shown in Fig. 4, the sys-
tem had a high-pressure drop in the first day
and after some time there were other pressure
drops that were related to the moisture of the
medium in the system. The average pressure
drop was 4.44 mm H,O or 43.55 Pa. No clear
relation was found between influent ammonia
loads and pressure drop.

Moisture content of the biofilter material

The moisture of the biofilter media is an im-
portant operational parameter since it directly
influences the efficiency of the biofilter and
pressure drop across the filter medium. The op-
timum moisture content in the biofilter was
between 40% and 60% (Deving et al., 1999). In
order to maintain moisture content of the pack-
ing material in the optimum range, in addition
to humidifying the polluted air stream in the
humidifying tower, it was sometimes necessary
to spray water on top of the filter before air
introduction into the biofilter (Fig. 5).
Temperature control  The temperature of the
system was controlled daily, because it played a
very important role in microorganisms’ life.
The optimum temperature for nitrifying bacte-
ria including nitrobacteria and Nitrosomonas is
30 °C (Biton, 1994). Therefore, the average
temperature was maintained at 30 °C during the
operation of the system.

Effect of biofilter's height in ammonia re-
moval  In order to find out the effect of the
height of the biofilter in the removal of ammo-
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nia, samples were taken from each gas-sam-
pling port installed at the inlet and at the outlet
of each layer at depths of 40, 80, and 120 c¢cm in

MR Shahmansouri et al: Biological Removal of Ammonia...

the biofilter column at different inlet concen-
trations and at different times. The results are
shown in Fig. 6.
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DISCUSSION

In the process of ammonia biofiltration, micro-
organisms convert ammonia to nitrate. This
process is carried out by two categories of
chemioautotroph and aerobic microorganisms.
Conversion of NH;" to NO, is accomplished
by nitrosomonas and nitrobacteria that convert
NO; to NOs". The microbial population in the
packing material is relatively inactive before
contact with the ammonia substrate. After the
acclimation period has passed, the microorgan-
isms grow in mass and number in the thin layer
of water surrounding the support media of the
biofilter forming a biofilm. The pollutants dif-
fuse from the gas phase into the biofilm where
the microorganisms are immobilized and in
which oxidation of ammonia into harmless by-
products of NO,", NO;™ occur. As shown in Fig.
2, the ammonia removal efficiency of the
biofilter system was high and was found to be
more than 99.9% at empty bed residence time
(EBRT) of 1 min. This result complied with
removal efficiencies of 54% to 93% and 95%

obtained by Sheridan et al.(2002) and Yangkun
et al.(2000), respectively. According to the
results from the present study, the influent
ammonia concentration should be less than 236
ppmv (Fig. 2) and the load of ammonia must be
less than 9.86 g-NHj3 /m>h. However the results
from similar studies meet the maximum influ-
ent concentration of 200 ppmv (Yangkun et al.,
2000; Hirai et al., 2001). According to Fig. 2,
the effluent concentration of ammonia was less
than 0.1 ppmv that meets air emission standards
(Yongkun et al., 2000). As shown in Fig. 4, the
pressure drop was very low and the average
pressure drop was less than 4.44 mm H,O
(43.55 Pa); therefore, if the system is to be used
at full scale, power costs will be acceptably
low.

No clear relation was found between ammonia
load and pressure drop. Pressure drop generally
depends on moisture of the medium in the sys-
tem. To maintain optimum moisture content
(40-60%), in addition to humidifying the influ-
ent gas in the humidifying tower, it was some-
times necessary to spray water on top of the
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biofilter media. It was also found (Fig. 6) that at
inlet ammonia concentrations of less than 99,
211, and 230 ppmv, the required bed depths
would be 40, 80, and 120 cm, respectively. This
is important because the biofilter height should
be designed with respect to ammonia concen-
tration level. If the biofilter is designed exces-
sively high, only the first part of the system will
be used for the treatment of pollutants. Under
such conditions, it will not be cost-effective
while operational problems may also arise
(Abumaizart et al., 1998). Thus, the height of
the biofilter system can be designed on the ba-
sis of inlet concentration at the pollution source.
The mixture of compost with sludge and
smashed PVC was found in the present study to
be a suitable biofilter media for the removal of
ammonia from waste gas streams with high re-
moval efficiency and low-pressure drops. The
advantages of mixing sludge and PVC with
compost included increasing the population of
nitrifying bacteria to decrease acclimation time
and to reducing chances for compaction and
channeling in the filter media (Hirai et al.,
2001). As an air pollution control technology,
the use of microbial biofilters for the treatment
of air streams contaminated with ammonia is
reliable, highly efficient, and easy to operate
and maintain. In addition to the high removal
efficiency and low capital requirements and op-
erating costs, it does not generate undesirable
byproducts and converts ammonia into harm-
less nitrate.
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