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1. INTRODUCTION 
 

1.1 Air pollution 

 

The reduction of air pollution has been one of the main lines of action in 

environmental policy of the past twenty years, as it is a primary factor in protection of the 

ecosystem and the public health. Air pollution is defined as, Orozco et al. (2003): 

 

“Atmosphere contamination  by  the injection and temporary stay in her of  material gaseous, 

liquid or solid or radiation beyond its natural composition, or a proportion higher than that”. 

 

According to this definition, there are many pollutants and they can be physical (noise 

pollution, electromagnetic radiation or radioactive) or chemistry. With regard to chemical 

pollution can be differentiated into two main groups: primary pollutants, which are those that 

are issued directly to the atmosphere and the secondary, which include those species that were 

not emitted as such directly to the atmosphere but occurring therein by interactions of other 

species. The highlights of each of these groups are: 

 

Primary pollutants: 

− Carbon monoxide (CO). 

− Nitrogen oxides (NOx, especially NO y NO2). 

− Sulphur oxides (SOx, especially SO2). 

− Volatile organic compounds (VOC) 

− Particles 

− Others: Ammonia (NH3). 

   Hydrogen sulphide (H2S). 

   Halogen (X2). 

   Carbon dioxide (CO2). 

   Dinitrogen monoxide (N2O). 

 

Secondary pollutants: 

− Ozone (O3). 

− Oxidizers photochemical. 

− Sulphates. 

− Nitrates. 
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1.2 Problems  and control of emissions of volatile organic compounds in air 

 

1.2.1 VOCs definition and problems 

 

The volatile organic compounds (VOC) are defined as: 

 

“A volatile organic compound (VOC) is all organic compound having to 293.15 K a vapor 

pressure of  0.01 kPa or more, or which has a corresponding volatility in the particular 

conditions of use.” Article 2 RD 117/2003 of January 31, 2003 (Spain). 

 

“Volatile organic compounds (VOCs) are those that are a result of human activities, other 

than methane, which can produce photochemical oxidants by reaction with nitrogen oxides in 

the presence of sunlight.” Item 3 of Annex of the National Program for Progressive Reducing Emissions SO2, NOx,   

NH3 and NMVOC (Resolution of September 11, 2003. Spain). 

 

The last definition establishes a distinction between non-methane volatile organic 

compounds (NMVOCs) and methane (CH4). This distinction is that each group has some 

impact, direct or indirect, in the different environment. While the main problem of methane 

(CH4) is its ability to absorb infrared radiation emitted by the earth, leading an increase in the 

greenhouse effect, the direct effects of non-methane volatile organic compounds are as 

follows: 

 

1. Adverse effects on human health and natural ecosystems due to their toxicity, 

carcinogenic effects and other adverse physiological effects. 

2. Damage of materials. 

3. Odours. 

 

However, the main problem with volatile organic compounds is that they are 

tropospheric ozone precursors: when mixed with other air pollutants (mainly NOx) react in the 

presence of sunlight can lead to the formation of ozone at ground level, which contributes to 

photochemical smog. The photochemical smog have very adverse effects to living beings: 

reduced visibility naturally irritates the eyes, the membranes sensitive mucous membranes 

and upper respiratory tract; causes coughing; headache and disruption of respiratory function; 

it is toxic to the plants and produces premature aging. 

 

One of the main sources of emissions of non-methane volatile organic compounds 

from industrial origin is the use of organic solvents as can be seen in Figure 1.1 that 

represents the percentage of NMVOCs emissions from various industrial sectors in Spain in 

2003. In this figure appears as major sectors NMVOCs emission combustion plants and 

refineries (33%) and the consumption of organic solvents (35%). A smaller proportion 

appears metal-mechanical industry, paper industry, chemistry base and manufacture of drugs. 
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Figure 1.1.- Emissions of non-methane volatile organic compounds by the year 2003 in 

industrial sectors in Spain. From EPER– The European Pollutant Emission Register. 

 

The NMVOCs present in higher concentrations in organic solvents include mainly 

aromatic hydrocarbons (toluene, xylene, and styrene) and aliphatic (hexane) and oxygenates 

such as methanol, ethanol, isopropanol, ethyl acetate, n-butyl alcohol, i-butyl alcohol 

metoxipropil, 2-etoxietilo, acetone, methyl ethyl ketone and ciclohexanone. 

 

 Normally, when the industrial sectors and specific literature speak of the 

problem of volatile organic compounds, it is understood that speaks about the problem of 

NMCOV. Therefore, from now on the dissertation will talk of volatile organic compounds 

(VOCs) in the case of NMCOV. 

 

 

1.2.2 Legislation 

 

It was not until 1990 with the publication of The Clean Air Act of the United States 

(Clean Air Act, 1990) when it began setting stringent emission limits in the United States. 

Subsequently, the European Union Directive 1999/13/EC of 11 March 1999 on the limitation 

of emissions of volatile organic compounds resulting from the use of organic solvents in 

certain activities and facilities, and with Directive 2001/81/EC of October 23, 2001 on 

national thresholds emission for certain atmospheric pollutants has established emission limits 

apply in Spain. 

 

In Spain, the 1999/13/EC Directive has been transposed to RD 117/2003 of January 

31, 2003. The objective of this royal decree is defined in Article 1: "prevent or, where that is 

not possible, reduce the direct or indirect effects of emissions of volatile organic compounds 

on the environment and people's health." 
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In Annex I of this regulation sets out the categories of activities for facilities that are 

within the scope of the rule. Those existing facilities that have a reduction system and comply 

with the emission limit values of 50 mg C/Nm
3
 (incineration) and 150 mg C/Nm

3
 (to another 

equipment reduction), are exempted from compliance with the values emission limit to a 

maximum of April 2013. The remaining facilities should accommodate and do the obligations 

of this legislation before October 31, 2007. In Annex II are the thresholds of consumption of 

solvent, solvent consumed in tons per year, and emission limits for waste gas, mg C/Nm
3
, for 

the different categories of activities which refer this legislation. 

 

This policy together with the Law 16/2002 on Integrated Prevention and Control 

Pollution and next to the National Program for Progressive Reducing Emissions SO2, NOx, 

VOC and NH3 (Resolution of September 11, 2003 that responds approaches Directive 

2001/81/EC), which provides for the period 2000-2010 a reduction in emissions of volatile 

organic compounds from 60%, leading to the need to adapt / install purification systems 

gaseous emissions of VOC in the industrial sectors involved. 

 

1.2.3 Techniques to control industrial emissions of volatile organic compounds 

 

The techniques for the control of VOC emissions can be grouped into two groups, 

depending on the form of action in the process. The first group is those techniques that seek to 

reduce emissions making any changes in the process, for example, we can highlight: 

 

− The substitution in the manufacturing processes of organic solvents that cause 

emissions by other less volatile compounds. 

 

− The modifications of the manufacturing process to achieve minimize or even eliminate 

VOC emissions. 

 

In any case, it is not always possible to appropriately control the emission of VOCs by 

implementing these measures, therefore, secondly techniques pollution control are necessary, 

e.g. Techniques to treat the currents that are emitted into the atmosphere (called technical end 

of pipe). These techniques are classified according to their nature in physical methods 

(absorption, adsorption, etc.), Chemical techniques (incineration, oxidation, etc). Biological 

methods (biofiltration, biotrickling filter, etc). In Figure 1.2 is a broader classification. 
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Techniques for NMVOC control

Physical Chemical Biological

Condensation 

Cryo-condensing 

Membranes 

Absorption 

Adsorption

AC

Thermal Oxidation 

Plasma

T. Regenerative 

T. Salvage 

Catalytic 

Regenerative Catalytic

Biofilter

Biotrickling

Bioscrubber

Membranes

 
Figure 1.2.- Classification methods of VOC pollution control. 

 

For the selection of the optimal control method for treating contaminated flows with 

VOCs can be used the Figure 1.3, which shows the optimum conditions of the most 

commonly used techniques, the selection is made using two process variables such as the flow 

of the stream to treat and concentration of the pollutant. It can be seen as each technique has 

some optimal use interval, sometimes two techniques may overlap, in that case, the decision 

will depend on financial and technical factors. 

 
Figure 1.3.- Conditions for optimal utilization of VOC control techniques. 

 

 The scope of biological systems is related to high air flows and low 

concentrations of pollutants, as can be seen in Figure 1.3. Under these conditions the 

biological process is more competitive than conventional systems for VOC control, as thermal 

oxidation or by activated carbon adsorption, due to its significantly lower operation costs. 
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1.3 Biotechnologies for air pollution control 

 

The treatment of contaminated air through biological processes is based on the ability 

of certain microorganisms to convert organic and inorganic air pollutants in compounds less 

toxic and less odorous. The removal of air pollutants by microorganisms first requires that the 

pollutants found in the gas phase were transferred to the aqueous phase. The microorganisms 

degrade these molecules using them as a source of energy and food for its growth, resulting in 

an increase in biomass, CO2, water and according to the compound to degrade, sulphates and 

nitrates. 

 

Biological reactions are frequently used for the treatment of contaminated soils and 

waters, although it was not until 1950 when it started to use this technique for the treatment of 

contaminated gases. The first systems were the open biofilters using soil as packing material 

and its function was to remove odours from wastewater treatment plants (Pomeroy, 1957; 

Carlson et al., 1966). In the period between 1960 and 1990, the general interest towards these 

techniques has increased and caused the first industrial applications in the treatment of odours 

in the regions of the Netherlands, West Germany and the United States (Ottengraff, 1986). It 

is now a standard technique for controlling odours and is beginning to be applied to the 

treatment of VOC emissions in industry. 

 

There are various techniques available for biological treatment of air contaminated 

with VOCs (Table 1.1). These differ in the method of retention of biomass in the reactor and 

the flow conditions of the liquid phase. 

 

Table 1.1.- Air biological treatments classification. 

Biomass Liquid phase Reactor 

Fixed Stationary Biofiler 

Fixed Flowing Biotrickling filter 

Suspended Flowing Bioscrubber 

Fixed on a membrane Flowing Membrane 

 

1.3.1 Biotrickling filters 

 

 Biotrickling filters, Figure 1.4, used as packing material synthetic (usually 

manufactured in plastic, ceramic or metal) which forms a fine film of biomass; packing can be 

used random or structured and are very similar to those used in the operation of absorption 

unit. It creates a liquid flow, which can be parallel or counter-currently flow of polluted air, 

which introduces the nutrients and water required for the development of the biofilm, and 

controlling humidity and pH. 
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Figure 1.4.- Schematic diagram of biological trickling filter in counter-currently. 

 

1.3.2 Bioscrubbers 

 

The bioscrubbers, Figure 1.5, are composed of two parts, the first is an absorption 

tower where air pollutants are transferred to a liquid phase. In the second stage liquid 

contaminated is regenerated in a suspension biological reactor, and is recirculated to the 

absorption tower. The biological reactor needs pH control and the addition of nutrients to the 

correct growth of the microorganisms responsible for the degradation of contaminants. The 

application of this technique is limited to the removal of pollutants that have suitable water 

solubility. 

 

Figure 1.5.- Bioscrubber. 

1.3.3 Membrane bioreactors 

 

The membrane bioreactors is a technique in which the polluted air has no direct 

contact with biomass as air pollutants are transferred to the biofilm through a membrane. This 

technique, which is under investigation, has certain advantages over other biological methods. 

For example, when gas has certain features that do not allow direct contact with the biomass, 

because of a toxic compound for the microorganisms. 
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1.3.4 Biofilters 

 

1.3.4.1 Biofilters operation description 

 

A biofilter, Figure 1.6, consists of a bed of packing material and the polluted air passes 

through him, so that contaminants are degraded to CO2 and water by microorganisms that are 

in the liquid phase, called biofilm, which is located on the surface of the packing. 

 

 

Figure 1.6.- Internal mechanisms of a biofilter. 

 

There are two configurations of biofilter, the first biofilter design is open, Figure 1.7, 

which consists of a warehouse open. The other design is the biofilter closed Figure 1.7 b, 

where the vessel is totally enclosed and its interior is placed packing material. This improves 

control of the operating variables, such as temperature, moisture, pH, etc. In both 

configurations is necessary to install a tower of air humidification air the biofilter along with 

regular water addition to get a moisture adequate packing material. Depending on the type of 

media used, it may be necessary to periodically adding nutrients to achieve a good growth of 

microorganisms. 

 

a)  
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b)  
 

Figura 1.7.- Outline operation of a bio-filter (a) open and closed biofilter (b). 

 

 

1.3.4.2 Biofiltration terminology 

 

To describe biofiltration and their functioning are defined the follows parameters. 

 

Empty bed residence time, EBRT. 

 [ ]EBRT
fV

s
Q

=  (1.1) 

where 

 Vf: bed volume (m
3
). 

 Q: air flow (m
3
/s). 

 

Inlet Load (IL). 

 3IL
×  =

 ⋅ 
Ge

f

Q Cg
m s V

 (1.2) 

 2ILsurface
×  =

 ⋅ 
GeQ Cg

m s A
 (1.3) 

herein: 

 CGe: inlet pollutant concentration (g/m
3
). 

 A: biofilter section (m
2
). 

 

Removal efficiency, RE. 

 

 [ ]
( )

RE % 100
Ge Gs

Ge

C C

C

−
= ×  (1.4) 
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where 

 CGs: outlet pollutant concentration (g/m
3
). 

 

Elimination capacity, EC. 

 

 
( )

3EC
Ge Gs

f

C C Qg
m s V

− ⋅  =
 ⋅ 

 (1.5) 

This parameter is a function of the inlet load as is shown in Figure 1.8. 

 

IL (g*m
-3
*h

-1
)

E
C
 (
g
*
m
-3
*
h
-1
)

 

 

 ECMAX 

 

Figure 1.8.- Typical elimination capacity vs. Load curve. 

 

In Figure 1.8 can be seen as two zones: 

 

The zone 1, characterized because the elimination is 100% and the elimination 

capacity (EC) is equal to the inlet load (IL). In this area the amount of available pollutant 

limits microbial activity responsible for its removal, namely the stage of the process by 

limiting the transfer of internal matters. 

 

For an IL higher to the critical inlet load, ILCRIT, removal capability is separated from 

the line of 100% elimination, and if it continues to increase IL, the elimination capacity 

reaches a maximum value called ECmax. The area of maximum capacity disposal zone 2, 

indicates that the microorganisms responsible for the degradation can not absorb all the 

pollutant that is transferred to the biofilm. In this zone, the bioreaction is the limit step of the 

process. 
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1.3.4.3 Biofilter applications to control VOC emissions 

 

In relation to the non-methane volatile organic compounds to degrade, RE are suitable 

IL  from 20 to 100 g m
-3
 h

-1
 and input concentrations ranging between 0.2 and 1.2 g m

-3
 with 

residence times (EBRT) for 1 to 3 minutes (Devinny et al., 1998), for a variety of aromatic 

compounds such as toluene, ethylbenzene, xylene, benzene, phenol and styrene. 

 

For the removal of toluene, Bibeau et al. (1997) observed an ECmax 70 g m
-3
 h

-1
 in 

peat biofilters. For the same compound, Delhoménie et al. (2002a) in a compost biofilter 

obtained an ECmax 55 g m
-3
 h

-1
 for an IL-65 g m

-3
 h

-1
. Gabaldon et al. (2004) and Rene et al. 

(2005) conducted laboratory experiments with biofilters using as packing material peat and 

compost, respectively, the results of both jobs are very similar values ECmax of 90 and 100 g 

m
-3
 h

-1
, respectively. Estevez et al. (2005) found an ECmax 164 g m

-3
 h

-1
for toluene 

biofiltration using Exophiala oligoesperma. Delhoménie et al. (2001) studied the influence of 

the concentration of nutrients in the removal of toluene in biofilters finding an ECmax 50 g m
-3
 

h
-1
at a concentration of 5 g of nitrogen dm

-3
. 

 

Elmirini et al. (2004) used peat biofilters for the elimination of xylenes, gaining 

efficiencies of 96% for a residence time (EBRT) of 150 s and an input concentration of 1.39 g 

m
-3
. Zilli et al. (2005) studied the elimination of benzene in a compost biofilter with an ECmax 

of 20.1 g mrelleno
-3
h
-1
. The degradation of styrene has been studied by Jorio et al. (2000) and 

Paca et al. (2001) in these studies were reached ECmax 140 g m
-3
h
-1
. 

 

With regard to mixtures of aromatic, Kennes et al. (1996) studied the biofiltration of 

the mixture toluene, ethylbenzene and o-xylene (TEX) with perlite as packing material 

finding an ECmax 70 g m
-3
h
-1
 and noted that the degradation of xylene is harder than that 

observed for toluene and ethylbenzene. Jorio et al. (1998) conducted experiments for the 

degradation of toluene and xylene in high concentrations reaching an ECmax of 115 g m
-3
h
-1
. 

Gabladón et al. (2006) studied the TEX mixture; results for ECmax were 65 gC m
-3
h
-1
 for 

xylene, 90 gC m
-3
h
-1 
for toluene and 100 gC m

-3
h
-1
 for ethylbenzene. Delhoménie et al. 

(2003a) used a compost biofilter for the degradation of toluene, xylene and 1,2,4-trimethyl-

benzene noting that the biodegradability order was according to the aromatic substitutions in 

the following order from highest to lowest biodegradability: toluene> xylene> 1,2,4- 

trimethyl-benzene. 

 

For aliphatic compounds, Spigno et al. (2004) conducted a study of treating polluted 

air with hexane in a biofilter, reaching a value of ECmax of 200 g m
-3
h
-1
. For this compound 

Kibazohi et al. (2004) investigated its elimination in two biofilters packed with perlite and 

peat-perlite mixture, respectively, and concluded that low levels of added nutrients present 

greater efficiencies which were contained in the mixture. 
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The oxygenates are often more easily biodegradable the aromatics. Studies have been 

conducted with methanol, ethanol, isopropanol, ethyl acetate and MEK among others. Bustard 

et al. (2001) studied the biodegradation of biofilters with isopropyl alcohol in a concentration 

of 6000 ppm, achieving efficiencies of 100%. Chan W.C. et al. (2005) conducted a study of 

the degradation of ethyl acetate in a biofilter packed with a mixture of compost and a 

polymer; an ECmax of 710 g of ethyl acetate mlecho
-3
h
-1
 was obtained. Prado et al. (2004) 

conducted experiments to the degradation of a mixture of methanol and formaldehyde, ECmax 

values of 180 g m
-3
h
-1
and 600 g m

-3
h
-1
for formaldehyde and methanol, respectively. 

 

The greatest difficulty in degradation of aromatic compounds has been studied in 

different studies. Atoche et al. (2004) obtained elimination efficiencies of 99% for mixture of 

methyl-ethyl-ketone and toluene at concentrations of 80 ppm and 28 ppm, respectively. Qi et 

al. (2005) used a biofilter in the treatment of butyl acetate emissions, methylethylketone, 

metilpropilcetona and toluene, with a value of ECmax of 92 g m
-3
h
-1
. Deshusses et al. (1999) 

studied the degradation of the mixture of toluene and ethyl acetate in a biofilter, noted that the 

ethyl acetate inhibit the removal of toluene. In the same way Liu et al. (2002) conducted 

experiments in biofilters compost, reaching approximately ECmax values of 50        g m
-3
h
-1 
for 

toluene and 450 g m
-3
h
-1
for ethyl acetate. The same mixture has been studied by Hwang et al. 

(2003) corroborating toluene inhibition in the presence of ethyl acetate.
 

 

Chlorinated compounds such as trichloroethylene and chlorobenzenes, are the most 

difficult of biodegradation. Roberge et al. (2001) conducted experiments to eliminate 

dichlorobenzenes from a refinery through biofiltration. The results obtained showed the 

difficulty of the degradation of these compounds as removal efficiencies varied between 0 and 

79%. Delhoménie et al. (2003b) studied the elimination of chlorobenzene through a biofilter 

compost, obtaining a ECmax of 70 g m
-3
h
-1
. 

 

Also studies have been carried out in flows with complex mixtures of VOCs. For 

example, Aizpuru et al. (2003) conducted a study on removal of a mixture of 11 VOCs in peat 

biofilters and activated charcoal, showing RE of 90% for the bio-filter of peat and 80% for the 

PAC. 

 

1.4 Factors affecting the operation of biofilters 

 

1.4.1 Packing material 

 

The packing material has various functions in the operation of the biofilters, one of 

these functions is to serve as a support for the formation on the surface of the aqueous phase, 

where is formed the biofilm where growth of the microorganisms responsible for degradation 

of contaminants. In addition, the packing material must encourage the biofilm contact with the 

gas phase so that there is a good transfer of pollutants. Another important function of the 
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packing material is to get a good distribution of air flow across the surface of the bio-filter and 

the means of distribution of nutrient inputs to bed. A good material must be characterized by a 

low pressure loss, so that the operating costs are not prohibitive. Finally, through the correct 

operation should prevent the excessive accumulation of biomass, a phenomenon known as 

clogging. 

 

The accumulation of biomass is produced by an excessive growth of microorganisms 

due to high loads of pollutants and high concentrations of nutrients. The main problems 

associated with the clogging is the high pressure losses, resulting in operating costs, and the 

formation of channelling that cause the decrease in the residence time (EBRT) affect in a 

negative way the RE and facilitating the apparition of anaerobic zones causing unpleasant 

odours. 

 

The accumulation of biomass is one of the biggest problems associated with 

biofiltration. There have been various studies with the goal of limiting the excessive growth 

of biomass which can be distinguished as follows: Garcia-Pena et al. (2001) conducted study 

varying moisture to prevent excessive growth. Moe and Irving (2001) and Allan et al. (2002) 

carried out the control of clogging by limiting nutrient. Adding salt appears as a method of 

work proposed by Schonduve et al. (1996). Another method studied by Cox and Deshusses 

(2002) was transient feeding, which on the other hand is a common practice in industry. 

Kinney et al. (1996) conducted experiments alternating the direction of the flow. There are 

other methods such as mechanical removed packing (Laurenzis et al., 1998), washed with 

high-pressure water or other compounds (Alonso et al., 1997 and Sorial et al., 1995) and 

microbiological methods as predation by higher organisms (Seignez et al., 2005). 

 

The packing materials used in the biofiltration must possess the following 

characteristics: 

 

1. Contained in inorganic nutrients as high nitrogen content, phosphorus, potassium, 

sulphate and trace elements are necessary for the proper growth of the biomass. 

2. Contained in organic matter. The biofilters may be exposed to discontinuous 

emissions of pollutants, so it is advisable to have an alternative source of energy for 

microorganisms in this situation. 

3. Good moisture retention for the correct growth of the biomass.  

4. Ability to buffer pH, because microorganisms require a pH range between 5.5 and 8.  

5. High surface area and porosity, to promote the absorption of pollutants in the biofilm 

and to offer low pressure loss. 

6.  Mechanical properties, the structure of the media should be stable during an 

appropriate time, usually between 2 and 4 years. 

7.  Smell of media, if the media is organic matter involves an odour associated, often 

present values between 20 and 100 units per m
3
 odour. 
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It can be use organic materials which are usually synthetic or plastic materials. The 

main advantages and disadvantages of each can be seen in Table 1.2 

 

Table 1.2.- Advantages and disadvantages of packings used in biofiltration. 

 
Media Advantages Disadvantages 

 

Organic (soil, compost, peat, 

wood chips, etc.). 

 

 

Low cost.  

It has the capacity to provide 

nutrients.  

Contains an inoculum of biomass.  

Similar to the natural ecosystem. 

 

 

Difficult separation of biomass / 

support  

Need for controlling moisture to 

prevent drying or excess water.  

Low rates of degradation.  

Heights limited padding.  

Possible limitations on the transfer 

of oxygen.  

Possible shorts and preferential 

paths. 

 

Synthetics. (Plastic materials)  

Random. (Rings Rasching, Bert 

chairs, etc.). 

 

 

Available in many sizes and shapes.  

Good distribution of the liquid.  

Low pressure loss.  

Low density.  

Good contact with the liquid. 

 

 

Developed for absorption of the 

liquid where the speed is higher.  

Surface unsuitable for the 

formation of biomass. 

 

 

 Structured. 

 

 

High surface area.  

Low pressure loss.  

High-volume vacuum.  

Low density. 

 

 

Surface inadequate for the growth 

of the biofilm.  

High cost. 

 

 

1.4.2 Moisture content of packing material 

 

The moisture content of the bed is critical to the performance of the biofilters, because 

microorganisms require water to develop their metabolism. In addition, microorganisms are in 

the aqueous phase (biofilm) fixed to the media so a drying it kills microorganisms, also 

producing channelling. If little amount of water is not recommended, the same thing happens 

with a high water content already taking place limitations on the transfer of oxygen and 

pollutants into the aqueous phase, favouring the emergence of anaerobic areas in the biofilter. 

A large amount of water produces a lower porosity of the bed and an increase in the pressure 

loss in the system. 

 

The optimal levels of water in the biofilter depend on the packing material to be used 

but it is advised between 30 and 60% moisture although media with organic type can reach 

values between 50 and 80%. To control this factor, biofilters required in the design 

humidification stage after air introduced into the biofilter and a water supply in the form of 

daily irrigation to bed. 
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1.4.3 Temperature 

 

The optimum temperature range for the mesophilic process biofiltration is the range 

between 15 and 40 ° C. The microbial activity is a function of temperature, increasing the 

temperature increases the microbial activity but you need heat the air to enter the system, 

leading to an increase in the cost of operation, and in addition the solubility of contaminants 

decreases with temperature increasing. 

 

1.4.4 Oxigen concentration 

 

Oxygen is vital for the operation of biofilters as the predominant microorganisms in 

the process of aerobic biofiltration need oxygen for their metabolic functions. The oxygen 

needed is obtained from the flow fed to the system and the major problems associated with 

the restriction of oxygen occurs when the system works at high loads of pollutants, because 

these charges there is a high growth of microorganisms, which leads to some needs high 

oxygen. If the moisture content of media is high, can appear problems associated with the 

transfer of oxygen to the corresponding anaerobic zones. 

 

1.4.5 pH  

 

Microorganisms have a range of optimum pH for carrying out its vital functions that is 

range 6 to 8. The pH should be controlled in the operation and this can use a buffer solution to 

be added to the biofilter regularly. 

 

1.4.7 Nutrients 

 

Microorganisms need, together with the carbon presence in the emission debugging, 

other nutrients such as nitrogen, phosphorus, minerals and trace elements (Fe, Mg, etc.). The 

organic mediums could provide part of these elements, but the synthetic require the addition 

of these regularly for the correct performance of the biofilters. 

 

1.4.7 Pressure loss 

 

The growth of biomass in the medium leads to increased resistance to the flow of gas. 

In general, the pressure loss is proportional to the velocity of the gas, and further loss of 

pressure increases exponentially with the concentration of biomass. During long periods of 

operation may appear problems of biomass accumulation, clogging and sometimes may 

appear compaction of packing material. Both problems led to a great increase in the pressure 

loss. 
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1.4.8 Bed height 

 

The height of the bed in biofilters is usually between 0.5 and 2.5 m, and 1 m is the 

more common. 

 

1.5 Biofiltration mechanisms 

 

The mechanism of biofiltration process consists of several steps in serie, Figure 1.10, 

the transfer of pollutants from the air to the liquid phase or biofilm (A); transfer of pollutants 

and oxygen through the biofilm, and or adsorption in the media (B), and finally the 

biodegradation of contaminants in the biofilm by microorganisms (C). Knowledge of the 

various steps that can produce limitations biofiltration facilitates the prediction and 

improvement of the operation of biofilters. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.9.- Operating mechanisms of biofilters. Transfer from polluting the gas phase to the 

aqueous phase (A); transfer of the pollutant and oxygen through the biofilm and / or 

adsorption in the filling (B) and (C) biodegradation. 

 

1.5.1 Pollutants and oxygen transfer to biofilm 

 

 The transfer from the air to the liquid phase is not usually limit step, and it can 

be assumed that the gas and liquid are in equilibrium. The equilibrium between the gas and 

liquid phase is described by the Henry’s law. 

 

 p H C= ⋅  (1.6) 

Medium Biofilm Air Flow 

Microorganisms  

Pollutant 

CO2 + H2O  

B C 

A 
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where 

 p: Partial pressure of the compound in the gas phase (atm). 

 C: compound concentration in the liquid phase (mol/m
3
). 

 H: Henry constant (atm m
3
/mol). 

 

 In general, the ability to eliminate a pollutant by biofiltration decreases when 

pollutants present higher Henry constant. At higher Henry constant, the compound is few 

capable of transfering to the aqueous phase and thus fewer field degrades. The mass transfer 

from the gas to the liquid phase is described using overall mass transfer coefficients applied to 

the concentration within the bulk phase 

 

 ( )*L
L L L

dC
K a C C

dt
= −  (1.7) 

where 

 CL: pollutant concentration in the bulk phase (mol/m
3
). 

 CL
*
: equilibrium concentration with pollutant concentration in the gas phase (mol/m

3
). 

 KL·a: overall mass transfer coefficient (s
-1
). 

 

 After the transfer stage, the pollutants are disseminated through the biofilm. The 

diffusion of the compounds through the biofilm is governed by Fick's law. 

 

 A

dC
N D

dz
= −  (1.8) 

 Inside the biofilm can occur two cases of limitation, Figure 1.10, case a, the limit stage 

is the mass transfer. Case b, limit step is the reaction of biodegradation, which occurs when 

the reactions of degradation do not eliminate all the compost that transfers the biofilm. 

 
Figure 1.10.-  Limit stage in the biofilm. Internal reaction profile (a) and (b) of 

biodegradation. 
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1.5.3 Adsorption into the medium 

 

 The molecules of pollutants that have been transferred to the liquid phase can be 

delivered by the middle until they are degraded by microorganisms or they can be absorbed 

by the packing material. The importance of adsorption biofiltration is small because the 

amount of contaminant adsorbed on the packing is negligible compared to the amount of 

pollutant degraded. Even so, if used materials with high adsorption capacity, such as activated 

carbon, this phenomenon should be considered. For this purpose, it can be used general 

adsorption expressions, such as Freundlich equation. 

 

 

 
1/ n

e f eq K C= ⋅  (1.9) 

where 

 qe: amount of adsorbed contaminant retained per unit weight of adsorbent (mol/g). 

 Ce: equilibrium concentration adsorbed contaminant (mol/l). 

 Kf y n: experimental constants. 

 

1.5.3 Pollutants biodegradation by microorganisms 

 

 Biofilm is the main factor in the degradation of contaminants in biofilters. 

Microorganisms grow in him and into the biofilm it be carried out the metabolic reactions that 

degrade contaminants. Many factors affect the thickness of the biofilm, such as the air flow, 

the type of packing material, pH or type of compound to degrade. 

 

 Microorganisms that predominate in elimination of volatile organic compounds are 

heterotrophs. These microorganisms need energy from the oxidation of organic molecules and 

assimilate the carbon as organic tissue. 

 

 The mechanism of degradation of volatile organic compounds by heterotrophic 

bacteria in the presence of oxygen can be expressed as follows: 

 

2 2 2COV + O nutrients  microorganisms + energy +CO +H O+ →  

 

 The process of growth of microorganisms is described as a process of autocatalysis: 

 

 

 = ⋅
dX

X
dt

µ  (1.10) 

where 

 X: biomass concentration (mg/l). 

 µ: specific growth rate  (d
-1
). 
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 Monod (1942) established the following relationship between microbial growth and 

the concentration of substrate: 

 

 

 max=
+

S

S S

C

K C
µ µ  (1.11) 

where 

 µmax: maximum specific growth rate  (d
-1
). 

 KS: substrate half-saturation constant (mg/l). 

 CS: substrate concentration (mg/l). 

 

 This equation can be modified to introduce terms that describe processes and 

inhibition by limiting oxygen concentration, being as follows: 

 

 

 2

2 2

max 2
=

+
+ +

oS

S O O
S S

I

CC

C K C
K C

K

µ µ  (1.12) 

herein: 

 KI: substrate inhibition constant (mg/l). 

 KO2: oxygen half-saturation constant (mg/l). 

 

 In relation to the substrate, the rate of consumption of this in cell metabolism is 

proportional to the growth of microorganisms. This relationship is expressed using a yield 

cellular coefficient, Y, which represents the production of organisms per unit mass of 

substrate consumed. So the speed of substrate consumption can be determined from the cell 

growth rate 

 

 
1

= −SdC dX

dt Y dt
 (1.13) 

 

 

 

 

 

 

 

 




