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ABSTRACT
Odour is one of the most complex problems of all the air pollution problems. Undesirable odours
contribute to air quality concerns that affect human lifestyles and are considered a nuisance to the
general public. This study presents the role of biofilters for the control of volatile organic compounds
(VOCs) and other odorous substances. Biofilters absorb the odorous and noxious gases into a biofilm
where it is biodegraded by microorganisms into simpler and less toxic compounds like carbon dioxide,
water and salts and use the energy and nutrients to grow and reproduce. About 95 percent of
hydrogen sulfide (H2S) and 80 percent of ammonia (NH3) can be reduced by a well designed and
managed biofilter. The mechanism of biofiltration depends on different factors viz., inlet gas concentration,
empty bed residence time, bed height, type of media and these factors has a direct effect on the
removal efficiency of a biofilter. Biofiltration, which has the ability to treat a broad spectrum of gaseous
compounds has been regarded as a promising odour and gas treatment technology that is gaining
acceptance in a number of industries and factories, being not only cost effective as compared to
conventional techniques but are also environmental friendly.
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INTRODUCTION

Pollution is one of the serious issues the world is facing
today. Since the industrial revolution, the problem of pol-
lution has got aggravated due to tremendous progressions
in industries, transportation, urbanization and global agri-
culture. With respect to air pollution, undesirable odour is a
major concern in the present day era because of its malodor-
ous property and is considered a big nuisance to the general
public. Odour is defined as a physiological stimulus of ol-
factory cells in the presence of specific molecules that var-
ies between individuals and with environmental conditions
such as temperature, pressure and humidity (Rappert &
Muller 2005).

 Odour is often a complaint in urban areas which are
associated with the waste gas emissions. Important sources
of odorous gas emissions are industries, food processing in-
dustries, dairy industries, pharmaceutical industries, rubber
processing plants, pulp and paper industries, textile indus-
tries, petroleum refineries, paint finishing plants, chemical
industries, livestock production houses, composting plants,
wastewater treatment facilities, as well as solid waste dump-
ing sites (Rappert & Muller 2005). Various odour emission
sources are shown in Table 1. More than 100 kinds of odor-
ous gases are emitted from different processing and manu-
facturing units, of which the sulphur and nitrogen-containing
compounds and short-chain fatty acids have gained much at-
tention due to their low threshold limits (Chung et al. 2007).
Table 2 presents some of these compounds along with infor-

mation about their offensive odours and odour threshold.
Undesirab12.1 the treatment process but also give insights
to develop newer, better and robust treatment techniques.

The objective of this review is to provide an overview
about the role of biofilters in control of VOCs and odours
and some important operational parameters of biofilters that
directly affect the efficiency of the biofilters.

Biofilters: Biofilters are reactors in which waste gases are
allowed to pass through a porous packed bed material immo-
bilized with suitable microbial cultures that degrade the pol-
lutants absorbed on to them (Chen & Hoff 2011). As the
waste gas passes through the filter medium, the contami-
nants in the gas transverse to the liquid phase surrounding
the microbial biofilm in the medium where they are de-
graded to CO

2
, H

2
O, inorganic salts and biomass by micro-

organisms (Jorio et al. 2000, Chen & Hoff 2011). In a
biofilter the waste gas is passed through a medium pre-en-
riched with nutrients for microbial growth. The indigenous
or added microorganisms present in the compost leads to
the biodegradation of malodorous compounds present in
waste gas (Shareefdeen et al. 2011). Biofilters are used to
treat air from mechanically ventilated buildings that use
fans to control airflow. They also can be used to treat air
from a covered manure storage unit or other enclosed treat-
ment facility (Janni et al. 2011, Chen & Hoff 2012). How-
ever, biofilters cannot treat air that exhausts from naturally
ventilated barns through open sidewalls or ridges because
the air cannot be collected and directed to a biofilter (Janni
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et al. 2011). A biofilter has different components (Janni et
al. 2011).

• A mechanically ventilated space with biodegradable gas
emissions.

• A fan to move the odorous exhaust air from the building
through the duct, plenum and biofilter media.

• Ducts connecting the ventilated space and an air plenum
that distributes the air to be treated evenly beneath the
biofilter media.

• A porous structure to support the media above the air

plenum.

• Porous biofilter media that serves as a surface for micro-
organisms to live on a source of some nutrients.

• An irrigation system where moisture can be applied, re-
tained and made available to the microorganisms.

• Two outlets, one placed at the top of a biofilter for the
removal of treated air and a ground outlet used to collect
the biodegradation end products. A typical biofilter is
shown as in (Fig. 1).

Table 1: Various odour emission sources.

Scales of Odour Odour Emission Sources Odour Emission rate( Distance of
OER) m3/m Influence (m)

Large Pulp factory, Rendering plants, Fish meal plant, 107-109 1000-5000
Rayon factory etc.

Middle Poultry farms, night soils, wastewater treatment plants, 105-106 50-1000
coffee baking factory, car coating factory, metal
coating factory, composting facility, rubber factory  etc.

Small Restaurants, bakery, laundry, hair dresser, car repair 104 or less 5-500
shops, garbage collection shops, public lavoratory,
septic tanks etc.

(Source: Iwasaki 2004)

Table 2: Various types of odorous compounds.

Compound/odorant  Formula Offensive odour Odour threshold (ppb)

1. Inorganics
Ammonia NH3 Pungent, Irritating 17
Chlorine Cl2 Pungent, Suffocation 0.08
Hydrogen sulphide H2S Rotten eggs 0.0047
Ozone O3 Pungent, irritating 0.5
Sulphur dioxide SO2 Pungent, irritating 2.7
2. Acids
Acetic acid CH3COOH Vinegar 1.0
Butyric acid CH3CH2CH2COOH Rancid butter 0.12
Propionic acid CH3CH2COOH 0.028
3. Amines
Methyl amine CH3NH2 Putrid, Fishy 4.7
Ethyl amine C2H5NH2 Ammonical 0.27
4. Mercaptans CH2CHCH2SH Disagreeable, garlic 0.0015
Allyl mercaptan
Amyl mercaptan CH3(CH2)4SH Unpleasant, Putrid 0.0003
Benzyl mercaptan C6H5CH2SH Unpleasant, strong 0.0002
Ethyl mercaptan C2H5SH  Decayed Cabbage  0.0003
Methyl mercaptan CH3SH Rotten Cabbage 0.0005
5. Sulphids
Diethyl sulphide (C2H5)2S Ether  0.02
Dimethyl sulphide (CH3)2 S Decayed cabbage 0.001
Dimethyl disulphide (CH3)2S2 Putrid 0.028
6. Alcohols
Amyl alcohol C5H11OH - -
Butyl alcohol CH3(CH2)3OH - 0.1
Phenol C6H5OH

(Source: Metcalf and Eddy, 2003; CPCB, 2008)
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History of biofilters: The brief history of biofilters is as
under (Bellis 2007).

• 1923: The first proposition to use biological methods to
treat odorous compounds was as early as 1923. Biologi-
cally active biofilter was first used to control emissions
of H

2
S from a waste water treatment plant.

• 1955: Biological methods were first applied to treat odor-
ous emissions in low concentrations in Germany.

• 1959: A soil bed was installed at a sewage treatment
plant in Nuremberg for the control of odours from an
incoming sewer main.

• 1960’s: Biofiltration was first used for the treatment of
gaseous pollutants both in Germany and US and after
that research was intensified.

• 1970’s: Biofiltration becomes widespread in Germany.

• 1980’s: Biofiltration is used for the treatment of toxic
emissions and volatile organic compounds (VOCs) from
industry.

• 1990’s: There were more than 500 biofilters operating
both in Germany and Netherlands.

During the 1990s, biofilters were also used to remove
airborne contaminants, including aliphatic and aromatic hy-
drocarbons, alcohols, aldehydes, organic acids, acrylate,
carbolic acids, amines and ammonia. These substances are
not just smelly, but are dangerous as well (Bellis 2007).

BIOFILTRATION PROCESSES

Biofiltration utilizes biologically active media to remove
biodegradable VOC’s, odors and other toxic compounds from
the polluted air. Removal of contaminants follows a multistep
process in which untreated air stream is passed though one
or more beds of biologically active media, where these mi-
croorganisms biologically oxidize the pollutants into carbon
dioxide and water. The treatment process relies on two fun-
damental mechanisms: diffusion and biodegradation. As con-
taminated gas pass through the reactor, pollutants are trans-
ferred from the gaseous phase to the liquid or the solid phase
on to the media where biodegradation of pollutants is carried
out by microorganisms (Shareefdeen et al. 2011). The vari-
ous steps involved in biofiltration process (Soccol et al. 2003,
Sakunthala et al. 2013) are:

• Diffusion from bulk waste gas to media and then within
the media particles.

• Solubilization of odorous compounds in water within
media.

• Adsorption to organic and inorganic fraction of media.

• Biodegradation (bio-oxidation) by microbes in media.

The key aspect in the biofiltration is providing an or-
ganic media that can sustain the specific microorganisms
that can biologically oxidize the pollutants. Once absorbed
in the biofilm layer or dissolved in the water layer around
the biofilm, the contaminants, usually an organic molecule,
is available as food serving as carbon and energy source for
the growth and metabolic activities of microorganism. Of-
ten the start of biodegradation process by these microbes,
the end products particularly carbon dioxide, water and
treated air are exhausted from the biofilter (Adler 2001,
Mudliar et al. 2010). The actual biochemical reactions in-
volved are very complex. Several different types of micro-
organisms cooperate in a network of co-metabolic levels
wherein at each stage a specific compound may be broken
down into less complex compounds. A number of extensive
reviews and studies regarding the development and techni-
cal aspects of biofiltration have already been published
(Swanson & Loehr 1997, McNevin & Barford 2000). Addi-
tionally, much effort has been put into developing models
to predict biofilter performance under various conditions
(Shareefdeen & Shaikh 1997, Jorio et al. 2003, Iranpour et
al. 2005).

Types of biofilters: Biofilters can be classified into several
types depending on the layout (Mudliar et al. 2010, Janni et
al. 2011). Biofilters can be open or closed type.  In open-bed
biofilters the media used is uncovered and exposed to weather
conditions, including rain, snow, and temperature extremes
(Nanda et al. 2012). Open-bed biofilters are the most com-
mon type biofilters used to treat air from animal facilities.
Some open-bed biofilters can have roofs over the biofilter to

(Source: Envirogen technologies)

 

Fig. 1: A typical biofilter.
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provide some weather protection. Closed-bed biofilters on
the other hand are enclosed with a small exhaust port for
venting of the cleaned air. Nicolai & Lefers (2006) pointed
out that closed biofilters are more expensive than open
biofilters which are more commonly used for animal agri-
culture.

Biofilters can also be classified as horizontal or vertical
type biofilters. Vertical gas flow biofilters offer an option if
enough surface area and space are not available. These
biofilters are relatively inexpensive to build and easy to
maintain (Janni et al. 2011). However horizontal biofilters
have larger footprints than vertical biofilters. They require
lot of space and also in horizontal biofilters the media tends
to settle over time (Nicolai et al. 2005, Janni et al. 2011).
Media settling causes reduced air flow through the bottom
portion of the filter and increasing air flow through the top
portion of the filter, resulting in gas channelling due to
compaction at the base of the filter. One potential option to
reduce compaction is a two stage biofilter design (Chen et
al. 2008b).

Vertical biofilters are being developed to reduce the foot-
prints found in horizontal biofilters. Vertical biofilters use
less surface area than a horizontal biofilter for treating the
same airflow. The media in a vertical biofilter is placed be-
tween two vertical support structures and across the top.
The air passes either horizontally through the vertical sup-
ports or through the top. The vertical gas flow biofilter can
be further divided into up flow or down flow. Comparing
the down flow and up flow biofilters, the up flow type is
generally cheaper than down flow in terms of construction
costs (Nicolai & Lefers 2006). Therefore, up flow open bed
biofilters are preferred for agricultural use (Janni et al. 2011).
However, from the water supply and water distribution con-
cerns, the down flow design is preferred. An overhead sprin-
kling system directly supplies water to the quick drying top
media to prevent the formation of a dried media layer that
often forms at the bottom of an up flow biofilter.

Biofilter media: Biofiltration process largely depends on
the medium that should provide all the necessary environ-
mental conditions for the resident microbial population to
achieve and maintain high biodegradation rates. A good
biofilter packing material should have a large surface area,
high water retention capacity, low bulk density, high poros-
ity, structural integrity, and a buffer capacity towards acidi-
fication and to maintain high contaminant loads (Nicolai &
Schmidt 2005, Morgan-Sagastume & Noyola 2006, Menikpura
et al. 2007, Mudliar et al. 2010, Abdehagh et al. 2011, Chan
& Hoff 2011). In order to homogenize the gas flow, reduce
compaction and pressure drop, improve porosity, prevent
cracking and channelling and augment the adsorptive ca-

pacity of the packing material, such as compost, peat, and
wood chips, some bulking agents can be added (Morgenroth
et al.  1996, Webster et al. 1996). Table 3 shows various
types of natural media used in a biofilter along with their
physico-chemical characteristics.

Synthetic media that can be used in a biofilm are ceram-
ics (Govind & Bishop 1995), lava rock (Chitwood & Devinny
2001) and a number of fiber based materials (Kim et al.
1998). A few experiences of using rockwool can be found in
biotrickling filters (Ostlie-Dunn  et al. 1998). Rockwool
material is structurally stable, chemically and mechanically
resistant and provides good support material for microor-
ganisms (Ostlie-Dunn et al. 1998). Fiber mats with low
compre-ssibility and high void fraction develops the low-
est pressure drops. Various synthetic media that can be used
in a biofilter are biofiber fill, net like plastic fill, plastic
balls, coral sands, porcelain rings (Nanda et al. 2012) etc.
New porous materials such as zeolites and metal oxides are
proposed to be used as adsorbents for VOCs removal (Zhang
et al. 2012).

Microorganisms: Microorganisms are the agents that carry
out the biodegradation of VOC’s and odours. The choice of
a proper colony of microorganism is fundamental for suc-
cessful biofilter operation. Selection of the microbial cul-
ture for biofiltration is usually done as per the composition
of the waste air and the ability of the microorganism to
degrade the pollutant present in it (Nanda et al. 2012). For
the degradation of VOCs, usually mixed populations of
bacteria or fungi have been extensively used (Cox &
Deshusses 1999). Mixed cultures often originating from
wastewater treatment plants or of similar origin have been
used as inoculums (Morgenroth et al. 1996). This type of
general inoculums has the advantage of containing a vast
variety of rugged organisms with a wide degradative ranges
and the ability to work in a fluctuating environment. How-
ever, acclimation times for some microbes may be long and
the degradation of some compounds may be therefore, diffi-
cult to accomplish. Inoculation using specific microbial
species has been shown to reduce the acclimation period
and enhance removal efficiency. After an acclimatization
period, the most resistant population to the toxic VOC is
naturally selected and a microbial hierarchy is established
in the bed. Bacillus has been found effective in degrading
oxidation products from frying activities, as many bacilli
produce extracellular hydrolytic enzymes that breakdown
lipids, permitting the organisms to use these products as
carbon sources and electron donors (Becker et al. 1999).
Methylotrophic microbes of Hyphomicrobium genus (Pol
et al. 1994, Smet et al. 1996b) and autotrophic microbes of
Thiobacillus genus has been found efficient in degrading
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dimethyl sulphide (DMS) and dimethyl disulphide (DMDS)
compounds (Chung et al. 1998). These organisms utilize
methyl sulphides as an energy source, a carbon source, or
both, thereby degrading these compounds. However, it is
difficult to draw a boundary between different physiologi-
cal types of bacteria in the context of their taxonomic posi-
tion and one should expect nature to have a complete spec-
trum of bacteria with combinations of methylotrophic and
autotrophic capabilities (Suylen & Kuenen  1986). In a
biofilter, the degrading species represents between 1 and
15% of the total population (Delhomenie et al.  2001a).
Table 4 shows various types of microorganisms used in
biofiltration process.

Parameters affecting biofiltration: A number of param-
eters need to be addressed for successful working of a biofilter.

Moisture: Moisture is an important parameter for the growth
and survival of the resident microorganisms (Van Lith et al.
1997). Inadequate moisture content can lead to compaction
of the media, incomplete degradation of raw gas and the
establishment of anaerobic zones that may release odorous
compounds (Mudliar et al. 2010, Janni et al. 2011). The ideal
water content varies with different filter media, depending
on, for example, media surface area and porosity. For an
organic filter media, a moisture content of 40-60% (by weight)
has been recommended (Van Lith et al. 1997); however no
evidence exists on the optimum moisture content for syn-
thetic media. Pre-humidification of the inlet gas stream sus-
tains moisture levels in a biofilter (Mudliar et al. 2010).
Also, it is often essential to provide direct application of

water to the bed through a sprinkler system at the top of the
bed (Mudliar et al. 2010). The impact of moisture on the
microbial activity has been studied by several authors. As
per the study carried out by Menikpura et al. (2007), activity
of microbes has been found to get decreased under dry con-
ditions compared to activity of microbes under wet condi-
tions. Besides, formation of dry spots can result due to dry-
ing of the packing material that can cause non-uniform gas
distribution and thereby decreasing the activity of microor-
ganisms (Shareefdeen & Singh 2005). Also, drying at the air
inlet port in a biofilter can lead to decreased pollutant re-
moval rate over time (Sakuma et al. 2009), hence pre-hu-
midification of the inlet gas stream is very obligatory.

pH: Most microorganisms require a specific pH range, hence,
a variation in pH could powerfully affect their activity and
hence corresponding biofilter performance (Wu et al. 2006).
The two important processes occurring in a biofiltration proc-
ess viz., absorption of waste gases and microbial activity
occurring in a biofilter are strictly related to pH. Optimal
pH for biofilter operation is in the 7 to 8 range to inspire and
quicken the absorption process and maximizes the microbial
action and hence maximizes odour removal efficiency
(Swanson & Loehr 1997). Degradation of VOC’s containing
hetero-atoms (S,O and N) can result in acidic conditions in
the biofilter due to formation of acidic products which tend
to reduce the activity of microbes (Christen et al. 2002), and
also cause corrosion problems in downstream conduits
(Webster & Devinny 1998). Similar observations during VOC
degradation due to formation of acidic intermediates have

Table 3: Characteristics of various filter media.

Material Porosity Moisture capacity Nutrient capacity Useful life Cost

Peat Average Good Good Good Medium
Soil (heavy loam) Poor Good Good Good Very Low
Compost (yardwaste) Average Good Good Good Low
Wood chips Good Average Average Average Low
Straw Good Average Poor Poor Low

(Source: Janni et al. 2011)

Table 4: Various types of microorganisms used in a biofilter.

Compound Microorganism

Methanol Pseudomonas spp., Hyphomicrobium spp., Thiobacillus spp.
Hydrogen  sulphide Pseudomonas spp. Bacillus cereus, Streptomyces spp.
Dimethyl amines Pseudomonas aminovorans, Arthrobacter sp., Bacillus sp.
Trimethyl amines Pseudomonas aminovorans, Hyphomicrobium spp.
Acetic acid Acetobacter ascendens
Aniline Nocardia spp. and Pseudomonas spp.
Carbon disulphide Thiobacillus spp.
Phenol Pseudomonas putida

(Source: Rappert & Muller 2005)
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been reported by several authors (Shareefdeen & Singh 2005,
Maestre et al. 2007).

Soil exhibits the best intrinsic pH buffering capacity
followed by compost and wood chips, among the various
other organic packing materials used in biofilters (Kennes
& Thalasso 1998, Mudliar et al. 2010). Peats are naturally
acidic (pH 3.0-4.0) and have little buffering capacity. Buff-
ering capacity must be satisfactory to prevent acid accumu-
lation in biofilters, when used to treat high concentration of
odorants. The addition of limestone or other water insolu-
ble alkalis to the filter packing has proven to be a feasible
remedy against pH drop (Ottengraf & VanDenOever 1983).

Nutrients: In laboratory studies, along with water supply,
nutrients needs to be provided (Cloirec et al. 2001, Chung et
al. 2007), as long-term utilization of nutrients in the beds
lead to progressive exhaustion of the intrinsic nutritive re-
sources (Mudliar et al. 2010). This progressive nutrient short-
age then becomes a limiting factor for the long-term biofil-
tration performance (Delhomenie et al. 2001a). Organic
media, such as compost, usually supply abundant quanti-
ties of nutrients in the available form (Leson & Winer 1991,
Sun et al. 2000). Studies have confirmed that irrespective of
the filtering material employed, the steady addition of nu-
trients is necessary to withstand a suitable microbial degra-
dation activity. Therefore, it is necessary to provide nutri-
ents for biofilters packed with inert media. Common forms,
which can be provided in solution, are ammonium nitrate
(NH

4
NO

3
), ammonium chloride (NH

4
Cl), magnesium chlo-

ride (MgCl
2
), calcium chloride (CaCl

2
), and dipotassium

hydrogen phosphate (K
2
HPO

4
) (Clark et al. 2004, Mudliar

et al. 2010).

Temperature: Microorganisms tolerate a wide range of tem-
peratures. The optimal temperature for various species ranges
widely, but most biofiltration processes have been achieved
at temperatures in the mesophilic range of 20-45°C and 35-
37°C, often noted as the optimum temperature (Swanson &
Loehr 1997). Lower temperatures especially during winter
months have been found reducing the activity of microbial
degradation, since lower temperatures may freeze the filter
media thereby restricting the flow of waste air through the
filter media (Janni et al. 2011). The optimum temperature
range for hydrogen sulphide (H

2
S) removal is 35 to 50°C.

Very often, there is a gradual increase in temperature due to
microbial respiration and exothermic reactions in the filter
(Nanda et al. 2012).

Oxygen levels: There must be an appropriate oxygen level
for the effective working of a biofilter, since inadequate
levels of oxygen affect the performance of biofilters. Gener-
ally in most applications, biofilter operations pursue to avoid
anaerobic conditions. This is because, presence of even mi-

cro-anaerobic conditions can lead to the formation of com-
pounds which themselves are odorous and this affects the
overall goal of removing odorants and VOC’s (Mudliar et
al. 2010). However, the necessity of the oxygen level is
very case specific since different microorganisms have dif-
ferent requirements as can be seen from various studies, con-
ducted by separate authors. Some studies have found that
there was no substantial improvement when oxygen level
was amplified in the simultaneous removal of a mixture of
methyl ethyl ketone (MEK) and methyl isobutyl ketone
(MIBK) (Deshusses et al. 1996).

Biofilter media depth: The biofilter media constitute the
main part of a biofilter because it provides the support for
microbial growth. A biofilter bed should have some impor-
tant characteristics as recognized by Bohn (1992), such as;
(a) high specific surface area for growth of a microbial biofilm
and gas-biofilm mass transfer, (b) high porosity to enable
homogeneous distribution of gases, (c) a decent water re-
tention capacity to avoid bed drying, (d) existence and avail-
ability of indigenous nutrients, and (e) presence of a com-
pact and diverse indigenous microflora. For onsite
biofiltration media depths should be ranging from 0.3 to 1
m. The biofilter media depth, along with air flow rate, is a
key factor to affect pressure drop and removal efficiency.
Nicolai & Janni (1999) suggested that compost/wood chip
based media should have a minimum depth between 0.15
and 0.3m, with an ideal minimum depth of 0.25m. Khammar
et al. (2005) evaluated in an experiment that peat media
indicated 75% and 55% of removal efficiency for aromatic
compounds at a media depth between 0.3 and 1 m for two
pilot scale bio-filters, respectively. Higher media depth has
higher potential of removal efficiency. Though, higher me-
dia depth results in higher pressure drop which is linearly
related to media depth at a constant air flow rate. The media
depth of 0.25 to 0.50 m has been recommended as prime for
agricultural biofilters.

Pressure drop: Pressure drop is one of the prime considera-
tions for effective operation of full scale biofilters. The pres-
sure drop is closely linked to media type, media depth, and
air flow rate through the media. Agricultural ventilation
fans should be run at a pressure drop less than 62 Pascal’s
(0.25 in water) for better removal efficiency (Nicolai & Janni
1998b). Wood chip media appeared to be the most promis-
ing biofilter media since they had a low pressure drop of
around 45 Pascal’s/meter (pa/m) at a superficial air velocity
of 0.13 m/s (Phillips et al. 1995). Nicolai & Janni (2001a)
demonstrated that the pressure drop was found to be related
to percent void space in the biofilter media and there was a
direct relationship between media unit pressure drop and
unit airflow rate for a mixture of compost and wood chips.
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Likewise, a wood chip alone biofilter showed a linear rela-
tionship between the media unit pressure drop and unit air-
flow rate (Chen et al. 2008b).

Biofilter costs: Biofiltration technology has been proven
to be the most cost effective method for treating ventilation
exhaust air as compared to conventional physical and chemi-
cal methods (Sakunthala et al. 2013). Different types of
biofilters vary in their construction and operation costs which
may be further abridged by introducing new strategies such
as partial biofiltration. However it has been found by many
authors that biofilter offer a best odour treatment technol-
ogy, having reasonable capital and operating costs (Mudliar
et al. 2010, Sakunthala et al. 2013).

Removal efficiency: Most odour and gas emissions from
various sources are byproducts of anaerobic decomposition
and transformation of organic matter by microorganisms
(Nicolai et al. 2006). Biofilters have the capability to treat a
broad spectrum of gaseous compounds (Janni et al. 2001).
Wood chip based biofilters have shown removal efficiency of
76%-93% in a research conducted by Chen et al. (2008a)
from a deep pit swine facility, for 16 different odorous com-
pounds identified in the exhaust air. Lot of research has been
conducted on the removal efficiency of NH

3
 and H

2
S both in

laboratories and onsite. About 95 percent of hydrogen sulfide
(H

2
S) and 80 percent of ammonia (NH

3
) can be reduced by a

well designed and managed biofilter (Premkumar et al. 2013).
A high removal efficiency with a value up to 100% was
reported for both NH

3 
and H

2
S in laboratory studies (Kim et

al. 2002, Choi et al. 2003, Kastner et al. 2004, Morgan-
Sagastume & Noyola 2006, Chung et al. 2007) where opti-
mum conditions were well controlled. Maintaining appro-
priate conditions, especially a proper range of media mois-
ture content, is critical for a fruitful biofilter operation. A
wet scrubber coupled with a biofilter may benefit overall
system performance, especially for removing NH

3
.

ADVANTAGES AND DISADVANTAGES

Advantages

1. In comparison to other methods such as thermal proc-
esses that produce different types of oxides, biofiltration
produces simpler by-products such as waste biomass that
can be easily disposed off. Also chemical oxidation proc-
esses produce chlorine and chlorinated products which
have high negative impacts (Govind & Bishop 1998)

2. The investment and operating costs of biofiltration are
less as compared to other physical and chemical odour
treatment methods. There is no chemical handling in
biofiltration, whereas in chemical oxidation, chemicals
such as hypochlorite, hydrogen peroxide, chlorine diox-

ide, etc. have to be stored and handled carefully.

3. Biofilters usually treat large volumes of low concentra-
tion VOCs and other odorants (Mudliar et al. 2010).

Disadvantages

1. One disadvantage is that systems may require a period of
gas conditioning and that the bacteria in the microbio-
logical media can be sensitive to changes in inlet condi-
tions (Duffee et al. 1991). Also feed gas must not be
lethal to microorganisms.

2. Although biofilters are capable of versatility, some ap-
plications have shown that mercaptan and organic sulfide
removal efficiencies decrease over time to unacceptable
levels due to pH changes in the media (Greer et al. 2000).

3. Proper temperature and humidity control is necessary in
biofilters. Also the efficiency of biofilters decreases for
air streams with large concentrations of VOC’s.

CONCLUSION

This review gives an idea about the role of biofiltration tech-
niques that can be employed effectively to treat biodegrad-
able pollutants such as volatile organic and inorganic com-
pounds. Many studies have been conducted using biofiltration
techniques with overall appreciable results. The evaluation
of the biofilter system indicates that it is a feasible air pollu-
tion control system for controlling odorous emissions and
is a cost effective alternative method to more traditional
treatment methods.
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