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ABSTRACT 

 

 

Decay of waste within landfills is a contributing source to the greenhouse effect 

due to the production of methane.  Larger landfills tend to have gas collection systems, 

which collect and convert gas into energy or flare it.  Older and smaller landfills, 

however, usually vent this greenhouse gas into the atmosphere through passive vents.  

This study focuses on the attenuation of methane gas from these passive vents through 

the use of biofilters containing methanotrophic bacteria.  These methanotrophic bacteria 

can oxidize methane into carbon dioxide, water, and biomass. 

Two biofilter designs were explored in this study.  The vertical biofilter design 

has a methane inflow near the bottom which emits the methane upward through the filter 

medium in which the methanotrophic bacteria reside.  The radial biofilter design has a 

methane inflow source imbedded in the center, vertically, in the filter medium, which 

emits the methane horizontally.  The purpose of the radial design was to increase 

methane oxidation by increasing the surface area, thus increasing oxygen penetration.  

The surface area of the radial design was 1.212 m
2 

compared to 0.264 m
2 

of the vertical 

filter design. 

Biofilter surface area proved to be a factor in the oxidation of passively vented 

landfill methane.  Although the two filter designs achieved a similar oxidation average 

for the study period, the radial biofilter design obtained a much higher removal rate at a 

higher input than that of the vertical design.  The better performance of the radial 

biofilters was due to greater oxygen penetration as verified by probe gas profiles.  This 

increase in oxygen penetration was directly linked to the larger surface area, which had a 

lower influx than that of the smaller surface area of the vertical design when having the 

same methane input. 

This study also tested the use of two different biofilter media mixtures for 

oxidizing methane.  The mixtures were a combination of recycled tire chips and compost, 

and a combination of peanut packing foam and compost.  The purpose of mixing the 

compost with the tire chips or the peanut foam was to hopefully increase oxygen 

penetration and thus, methane oxidation.  The study proved that there was statistically no 
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difference in performance between the two media types.  Averages of the study period 

showed a nearly equal methane oxidation average and methane removal rate. 

Air temperature, media temperature, and barometric pressure were recorded 

during testing events for the period of this study.  There was an increase in average air 

temperature through out the study (this was due to a change in seasons, from winter to 

summer). Average methane outputs from the passive vents studied showed a decreasing 

pattern throughout the study.  This decrease in methane output is due to a decrease in 

anaerobic decomposition because of the old age of the waste in the section of the landfill 

studied.  It was concluded that there was a direct correlation between biofilter media 

temperature and methane oxidation by the methanotrophic bacteria.  Average oxidation 

rates of 20% and higher were all within the range of 20-36°C.  This temperature range 

agrees with published research (Visvanathan et al., 1999) that states that this is the 

optimal soil temperature for methanotrophs to oxidize methane.  There was no direct 

correlation found between atmospheric pressure and landfill methane emissions from 

passive vents. 

This research established that the radial filter design was superior to that of the 

vertical design for methane oxidation.  However, it is important to note that what led the 

radial design to have a superior performance over that of the vertical design was its 

increased oxygen penetration and lowered influx of gases due to its larger surface area.  

Thus, further research of these factors is imperative to ultimately making biofilters viable 

option for mitigating methane emissions from passively vented landfills. 
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SECTION ONE 

INTRODUCTION 

 

Methane is a greenhouse gas with an infrared activity 21 times that of CO2.  Its 

concentration has increased in the atmosphere by more than a factor of 2 over the last 

century.  A majority of methane emissions are anthropogenic and can be reduced.  

Landfills contribute 12% of world wide anthropogenic methane emissions due to the 

decomposition of waste within.  Larger landfills that produce enough methane have gas 

collection systems that collect the gas and use it to produce energy, or it is flared.  

However, older and smaller landfills typically do not produce enough methane to make it 

monetarily feasible to collect the gas for energy, so it is just emitted into the atmosphere. 

This study visits the possibility of using methanotrophic bacteria grown within 

biofilters to oxidize methane emissions from landfill passive gas vents.  Methanotrophic 

bacteria are bacteria that consume methane and oxygen and convert them into carbon 

dioxide, water, and biomass.  There are numerous factors that can influence the methane 

oxidation potential of biofilters.  Some of these factors include methane load, influx, 

barometric pressure, air temperature, biofilter media temperature, and oxygen availability. 

This study took place at the Leon County Landfill.  Two filter designs, as well as 

two media mixtures, were tested for their potential to mitigate methane emissions from 

three of the passive gas vents.  The period of this study extended from October 2005 to 

August 2006.  This thesis is an account of what took place during this time period.  

Section Two of this document introduces how methane is released from a landfill, factors 

that affect methane emissions, oxidation of methane, factors that affect methane 

oxidation, and some previous research on methane oxidation.  The two biofilter designs 

and the two media mixtures explored in this study are described and explained in Section 

Three of this thesis.  The static chamber technique was used to calculate biofilter methane 

emissions and a stable carbon isotope technique was used for calculations of methane 

oxidations by the biofilters.  These techniques as well as measurement of methane input, 

profiles of gas concentrations, and measurement of ambient conditions are also addressed 

in Section Three of this document.  Results of the data obtained during this study period, 
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as well as performance of the two biofilter designs and media mixtures, are discussed in 

Section Four.  Conclusions for this study are found in Section Five of this thesis. 

 2



SECTION TWO 

BACKROUND AND MOTIVATION 

 

 

2.1 A BRIEF INTRODUCTION TO LANDFILLS 

  A landfill is a deposit site for unwanted trash and waste.  In the U.S., landfill 

guidelines are set by the Environmental Protection Agency (EPA).  These guidelines are 

used as minimum standards, although each state’s environmental agency can have more 

stringent rules.  A municipal solid waste landfill is the most common type of landfill.  

This type of landfill is a sanitary landfill that receives solid waste from the municipality.  

This waste may include non-hazardous waste such as household garbage, commercial 

waste, industrial waste, and construction debris.  A modern landfill must provide for the 

monitoring of landfill gas and groundwater, be able to inhibit groundwater pollution, 

gather leachate, and allow for gas collection and/or venting.   

 The main components of a typical municipal solid waste landfill are a liner 

system, a leachate collection system, a gas collection or venting system, and finally a 

final cover system.  Fig. 2.1 depicts a typical sketch of a landfill.  The liner systems main 

function is to contain the solid waste, and prevent leakage of leachate and contaminants 

into groundwater and the surrounding environment.  The liner system is placed on the 

bottom, as well as the sides of a landfill.  It is mandated by the EPA that all municipal 

solid waste landfills be constructed with a composite liner with a leachate collection 

system (Qian et al., 2002).  A composite liner is a multiple barrier that is made up of clay 

and geosynthetic linings. 

 Leachate may be formed by existing liquids already in the waste, or by water that 

has infiltrated the landfill envelope and has mixed with the waste.  This leachate will find 

its way to the bottom, where it will settle on top of the liner system.  To avoid an increase  

in head, and most importantly leakage and contamination of surrounding groundwater 

and environment, the leachate must be pumped out thru a leachate collection system. 

 Decomposition of organic matter within the waste by microorganisms is a natural 

process that produces gas in the landfill envelope.  Although several gases may be 

produced, typically the make up is about 50/50 methane and carbon dioxide.  A gas 
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Fig.2.1.  Basic Landfill Layout (Reinhart and Townsend, 1998). 
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collection system, as shown in Fig. 2.1, is needed to prevent a pressure buildup within the 

landfill envelope, as well as to prevent lateral gas migration.  The collected gas can be 

vented, flared, or used as an energy source. 

 In order to reduce the amount of leachate within a landfill, it is extremely 

important to minimize water intrusion.  This is done by providing a final cover system, 

depicted in Fig. 2.1 as an “engineered cap system.”  A final cover system is constructed 

with several layers.  The hydraulic barrier component of the system can be composed of a 

geomembrane, compacted clay, and/or a geosynthetic liner (Qian et al., 2002).  Above the 

hydraulic barrier there should be a layer that provides for drainage, this could be 

constructed of granular soil, or of geosynthetics.  Above the drainage layer is a protection 

layer which is constructed with soil.  This layer is used as a protection layer for the 

hydraulic barrier, ensuring that the hydraulic barrier is not damaged or punctured.  Above 

the soil protection layer is the final layer which is used to manage erosion.  This final 

layer is usually constructed of top soil to promote plant growth, which greatly improves 

the erosion control. 

 

2.2 GAS GENERATION 

In a municipal solid waste landfill, gas production of primary gases, is accredited 

to the decomposition of organic matter by microorganisms thru a naturally occurring 

process.  According to Qian et al. (2002), gas production in landfills can be separated into 

five different stages, as shown in Fig 2.2 and Table 2.1.  Stage one begins immediately 

after the trash is placed.  In this stage aerobic decomposition occurs, which produces high 

levels of carbon dioxide, but no methane.  Aerobic decomposition will continue to occur 

until all of the oxygen contained in the voids is used up.  In stage two, there is a shift 

from aerobic conditions to acid generation by bacteria that decompose and ferment 

complex organics contained in the landfill.  In stage three, as mentioned in Table 2.1 

there is a shift to anaerobic decomposition.  There will be production of both methane 

and carbon dioxide in this stage.  Once methane and carbon dioxide concentrations level 

out, as depicted in Fig. 2.2, the landfill is considered to be in an anaerobic state. When in 

an anaerobic state, a landfill is said to be in stage four of its gas production.  During the 

beginning of this stage, methane and carbon dioxide production are at their highest levels. 

 5



 

 

 

 

 

 

 

 

 

 

Fig.2.2.  Five Phases of Landfill Gas Production (UKDOE, 1993). 
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Table 2.1.  Synopsis of Landfill Gas Generation Stages (EMCON, 1998) 
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Gas composition in stage four is about 50/50 methane/carbon dioxide, with small 

amounts of trace gases.  Stabilization, or stage five, will commence once all of the carbon 

containing waste has decomposed.  Stage five is the final stage, and as time progresses, 

the majority of the gas within the landfill will be air, being as all anaerobic 

decomposition has ceased. 

 

2.3 GAS MIGRATION 

There are several types of physical transport processes that rule gas migration in a 

landfill environment.  These processes include advection, and Fickian transport.  Fickian 

transport includes diffusion and dispersion.  Mechanical dispersion is the transport due to 

tortuous and variable flow paths in porous media.  In the case of a landfill, porous media 

can be things such as soil layers, or garbage.  Diffusion can be broken down into two 

categories, molecular diffusion, and turbulent diffusion.  Molecular diffusion is the 

movement or spreading due to random movement of molecules, from an area of high 

concentration, to an area of lower concentration.  Molecular diffusion can occur even in 

the absence of fluid flow.  When a landfill is in an anaerobic state, it is producing large 

amounts of methane and carbon dioxide.  Since these concentrations are higher than that 

of the surrounding environment, there is a concentration gradient.  Because of this 

gradient, the gases are going to move from inside the landfill, out to the surrounding 

environment, thus, molecular diffusion.  Turbulent diffusion occurs because of random 

motions by eddies caused by turbulent flow.  Advection is the bulk movement of a fluid 

with a specified magnitude and direction.  In a landfill, advective flow is the major 

transport process for gas migration.  This advective flow is caused by a difference in 

pressure within, and outside of the landfill.  A pressure gradient is caused when the 

decomposition of trash results in gas generation.  This gas is trying to expand and 

equalize, causing a pressure build up within the landfill.  As a result, the gas is going to 

migrate from an area of high pressure within the landfill, to an area with lower pressure 

outside of the landfill. 

 There are several factors which influence the direction of gas migration within a 

landfill, but non are as important as landfill design.  Depending on these factors, the gas 

can migrate vertically, or horizontally.  Fig. 2.3 shows how gas can migrate horizontally  
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Fig. 2.3.  Lateral Gas Migration (USEPA, 1994). 
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out of the landfill envelope.  Horizontal migrations of gases, out of the landfill boundary, 

are unwanted.  Gases that migrate horizontally, outside of the landfill, and into a 

surrounding community can cause health and public relation problems.  To control this 

potential problem, and to avoid pressure buildup, it is important to provide a venting 

system for the gases to escape. 

 

2.4 GAS VENTS 

As mentioned previously, a landfill can create large amounts of gases, 

predominantly methane and carbon dioxide.  These gases are created thru a biological 

process that is attributed to the decomposition of organic matter by microorganisms 

within the landfill.  It is important to provide for an escape of these gases for several 

reasons.  One reason is that gas migration outside of the landfill property lines is not 

tolerated.  If landfill gases are not properly diverted, they will find their own way out, and 

this can mean lateral migration onto abutted properties.  Once these gases migrate 

laterally, they may find themselves seeping into a house, etc.  A case such as this could 

mean a public relations nightmare for a landfill.  Another reason to provide exits for the 

gases is to avoid a build up of pressure within the landfill.  To help avoid any of these 

problems, landfills are constructed with either active vents, or passive vents. 

 

2.4.1 Active Vent 

 Current regulations state that new landfills built to accept large amounts of refuse 

need active collection systems.  Most closed landfills are too small and do not produce 

enough gas to be required to have active gas collection systems.  Passive vents may be 

converted to active vents by connecting all the vents to a header pipe, which is attached 

to a blower or pump. 

 When designing and installing an active gas collection system, it is important to 

determine extraction well spacing, and the maximum amount of vacuum that may be 

applied.  It is critical to find the maximum vacuum that can be applied, because if this 

vacuum is exceeded, then atmospheric gases will be sucked into the landfill.  This could 

be potentially hazardous, and could lead to combustion within the landfill envelope if the 

conditions are favorable.  The spacing and the vacuum are determined by doing on site 
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field pumping tests.  However, as a “rule of thumb”, the radius of influence should be 

about 1.5 times the thickness of the waste, (Oweis and Khera, 1998).  Then, using the 

radius of influence, and an overlapping pattern of the radius of influence, the spacing is 

calculated. 

 Active systems, like passive systems, can have vertical wells, trenches, or 

horizontal collection thru the gas collection layer of the cover system. Fig. 2.4 depicts a 

typical vertical active vent.  Vertical wells are drilled down until they reach the depth of 

the leachate, or are 25 feet from the base of the landfill (Qian et al., 2002).  A perforated 

pipe is then installed into the well and is backfilled with a high permeability material 

such as gravel.  To avoid gas escaping thru the well hole, a geomembrane is placed above 

the gravel followed by a bentonite seal, and/or a compacted clay backfill.  The well is 

then capped of with a well head.  Well heads are used for gas sampling, measurement of 

flow, temperature readings, and may have control valves.  The well heads are then 

connected to a header pipe.  The header is connected to a pump or blower, which 

provides the vacuum for the system.  Once the gas has been extracted from the landfill 

envelope, it may then be vented to the atmosphere, flared, collected for an energy source, 

or treated by such a method as biofiltration. 

 

2.4.2 Passive Vent 

 A passive vent is a vent that has no mechanical workings, such as a blower or a 

pump, to pull the landfill gas out.  Instead of relying on a power-driven device, passive 

vents rely on advection and Fickian transport to expel gases out of the landfill envelop.  

In a landfill equipped with passive vents, advective flow is the major transport for gas 

migration.  Advective flow is caused when there is a pressure difference inside and 

outside of the landfill, causing the gas to move with the pressure gradient. 

 Fickian transport includes diffusion and dispersion.  Of the Fickian transport 

processes, the most important regarding gas transport out of the landfill envelope is 

molecular diffusion.  Molecular diffusion is when there is a concentration gradient caused 

by the production of gases within the landfill.  These gases produced within the landfill 

will move from an area of high concentration, to an area of lower concentration. 

 Passive vents can generally be found in older landfills and landfills with relatively 
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Fig. 2.4.  Example of a Vertical Active Gas Extraction Well (USEPA, 1994). 
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small gas production.  According to Bagchi (1994), passive venting is best suited for 

“small municipal landfills (40,000 m
3
) and for most nonputrescible containment type 

landfills.”  Also according to Bagchi (1994), there is no strict design process existing to 

determine the number of passive vents needed, but a vent for every 7500 m
3
 of garbage 

should be adequate. 

 Passive wells can be either cap venting or trench design.  Cap venting wells are, 

“similar to those used for groundwater and consist of perforated pipe surrounded by a 

permeable media such as gravel” (Reinhart, 1998).  Cap vents are installed into the 

landfill envelope and can penetrate into the garbage layer, or rest in a gas collection layer 

just below the hydraulic barrier of the final cover system.  Fig. 2.5 illustrates a typical 

passive vent. 

 Trench design is the most common design for passive venting systems. A 

perimeter trench permits for “lateral migration of gas to be controlled…” (Oweis and 

Khera, 1998).  Fig. 2.6 depicts a general landfill envelope with perimeter trenches.  In a 

trench design, a trench is dug around the boundary of the envelope, usually to the water 

table if shallow enough, as shown in Fig. 2.6.  The trench is then filled in with a high 

permeability material such as gravel.  Placed within the gravel, as shown in Fig. 2.5, is a 

horizontal perforated pipe connected to a vertical riser for the gas to escape through.  Just 

above the gravel layer, a compacted backfill is placed to finish covering the trench.  The 

main reason for the trench design is to cut of any lateral migration of gas out of the 

landfill envelope.  Any gas that is moving laterally will run into the trench and move 

through the more permeable gravel and into the collection pipe.  To further restrain 

lateral gas movement, and optimize gas collection, a geomembrane is sometimes placed 

on the back side of the trench, as well as just above the horizontal collection pipe 

(between the compacted soil backfill, and the drain layer as shown in Fig.2.5).  This 

geotextile will prevent any of the gas from escaping horizontally out of the landfill, or 

vertically out of the trench, thus ensuring that it goes into the gas collection pipe.  Gases 

from passive vents can be flared but are generally emitted into the atmosphere.  This 

venting of gas, mostly carbon dioxide and methane, into the atmosphere, contributes to 

the global problem referred to as the “greenhouse effect.” 
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Fig. 2.5.  Example of a Passive Gas Vent (USEPA, 1992). 
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Fig. 2.6.  Example of Perimeter Trench in a Typical Landfill (Solid Waste Unit of the 

Hazardous Materials and Waste Management Division, 2000). 
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2.5 METHANE, A GREENHOUSE GAS 

 Methane is one of the contributing gases to what is called the greenhouse effect.  

Methane levels in the atmosphere have been steadily increasing for centuries, but even 

more so since the beginning of the industrial revolution.  According to the IPCC (2001), 

methane is augmenting global warming because of its capability to retain heat at a rate of 

21 times that of carbon dioxide within a 100 year time span.  Hummer and Lechner (1999) 

reported that methane concentrations within the atmosphere have increased at a rate of 

about 1% per year since 1978.  They also reported that the amount of methane in the 

atmosphere has increased from 0.8 ppm to 1.7 ppm since the year 1800.  Because of its 

ability to retain infrared radiation, methane, on a molar basis, is 20 to 30 times more 

potent than carbon dioxide as a greenhouse gas (Rodhe, 1990, Blake and Rowland, 1988).  

Methane has become a target for emissions reduction due to its relatively short decay 

time in the atmosphere, 9 to 10 years, and its higher effectiveness as a greenhouse gas 

(Rodhe, 1990; WMO, 1998; IPCC, 2001).  Stern and Kaufmann (1996) stated that around 

12% of worldwide methane emissions are caused by the decomposition of waste within 

landfills.  A large number of these landfills are designed with passive venting systems 

which allow for the free movement of methane from within the landfill envelope out to 

the atmosphere.  In recent years, research has been conducted to reduce methane 

atmospheric emissions from landfills by oxidizing it into carbon dioxide through 

biofiltration. 

 

2.6 METHANE OXIDATION AND BIOFILTERS 

 Methane oxidation can and does occur in nature in such areas like swamps 

marshes, and lakes.  In recent years, this naturally occurring process has been viewed as a 

possible way to mitigate methane gas emissions from landfills by providing biocovers 

and/or biofilters.  Research for the mitigation of methane emissions through oxidation by 

the use of biofilter columns has gained momentum in recent years.  Some of the studies 

have been conducted by Kightley et al. (1995); De Visscher et al. (1999); Hilger et al. 

(2000); Park et al. (2002); Scheutz and Kjeldsen (2003); Streese and Stegmann (2003); 

Wilshusen et al. (2004); Berger et al. (2005); Gebert and Grongroft (2005); Haubrichs 
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and Widmann (2006); and Powelson et al. (2006).  The fraction oxidized, of methane, has 

been reported to be in the range of 47% to 95% (Powelson et al. 2006). 

The mechanism of methane oxidation involves the use of methanotrophic bacteria 

to transform methane into water, carbon dioxide, and biomass.  These methanotrophic 

bacteria and the amount of methane they can oxidize may be affected by a variety of 

elements including methane availability, oxygen availability, pressure gradients, 

temperature, and condition and type of methanotrophic media. 

 The availability of methane from a landfill is of little concern since gas emissions 

can be assumed to be 50% methane and 50% carbon dioxide with some variability.  

Advective flow is the major transport process of these gases from within the landfill to 

the atmosphere.  In a case where a biocover is placed, the methane moves in an outward 

direction through the soil media which contains the methanotrophic bacteria.  In a case 

where a biofilter is involved, this transport can take place through a passive landfill vent.  

The movement of this methane can greatly depend on the moisture content of the landfill 

cover, the porosity of the landfill cover, and the difference in atmospheric and landfill 

pressure. 

 Oxygen availability is of great importance to the oxidation process.  Without 

oxygen, methanotrophic bacteria are unable to convert methane into carbon dioxide, 

water, and biomass.  Gebert and Grongroft (2005) reported that the composition of gas 

within a biofilter, including oxygen, results from landfill gas flow rates, the degree of 

diffusive oxygen influx, potency and orientation of wind, water content resulting from 

atmospheric conditions, and other factors.  Czepiel et al. (1996) reported that landfill soils 

could oxidize between 930 nmol h
-1

 g dry soil
-1

 and 775 nmol h
-1

 g dry soil
-1

 at oxygen 

ratios of 20.8% to 3%.  Below 3% oxygen content, methane oxidation values promptly 

declined to zero.  In pure cultures, it was found that optimal oxidation rates could be 

achieved with oxygen contents varying from 0.45% to 20% (Wilshusen et al., 2004).  To 

ensure the availability of oxygen for the oxidizing process, some researchers mix ambient 

air with the landfill gas emissions prior to entering biofilters (Streese and Stegmann 2003; 

Haubrichs and Widmann 2006). 

 Pressure differences between the atmosphere and within the landfill can have an 

impact on the amount of oxidation that may occur in a biofilter that is fed by a passive 

 17



landfill vent.  As stated previously, advection is the major transport process that moves 

landfill gases from within the landfill, out to the atmosphere.  This movement of gas may 

also be reversed, causing ambient air to move into the landfill, if the pressure within the 

landfill is less than that of the atmosphere.  In a study conducted by Gebert and 

Groengroeft (2006), it was concluded that “driven by atmospheric pressure variation the 

direction of advective gas flow reverses on average more than once a day…” for the 

examined landfill.  This reversal of gas movement can supply methanotrophic bacteria 

with the oxygen it needs to be able to oxidize methane once the flow of the gases has 

returned to an outward flow. 

 Oxidation values of methane may be subjected to change with varying 

temperatures.  This is due to the change of activity within methanotrophic bacteria 

communities attributed to temperature.  According to previous research, the most 

favorable temperature for methanotrophic bacteria to oxidize methane falls between 20 to 

36 degrees Celsius (Visvanathan et al., 1999).  It was reported by Nesbit (1992) that the 

optimal temperature for oxidation was in the range of 20 to 30 degrees Celsius.  Boeckx 

and Van Cleemput (1996) reported favorable temperatures between 25 and 30 degrees 

Celsius.  Christopherson et al. (2000), as well as Bender and Conrad (1995), concluded 

thru their research that optimal temperatures were in the range of 25 to 35 degrees 

Celsius.  Even within these reported optimal temperatures, there seems to be a somewhat 

dramatic difference in oxidation rates.  Visvanathan et al. (1999) stated that at 20° C 

oxidation was half of that found at 30° C. 

 

2.7 MOTIVATION  

 Landfills are a source of atmospheric methane emissions.  Waste decomposes 

within landfills and creates methane, carbon dioxide, and trace gases.  This methane, 

along with the other gases, is then collected thru venting systems which may release them 

into the atmosphere.  This, then, poses a problem; as stated earlier, methane is a gas 

which is contributing to the “greenhouse effect”.  To mitigate this problem, researchers 

have examined the oxidation of methane through the use of methanotrophic bacteria.  

Research in this field has proven successful under controlled conditions.  However, 

further field scale implementations of this method need more exploration.  For landfill 
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vent biofilters to become a viable alternative, further research and analysis must be 

conducted.  This study investigates several designs that vary in construction (vertical and 

radial biofilters), and media type (compost with tire chips and compost with peanut foam), 

with the purpose of optimizing methane oxidation. 
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SECTION THREE 

MATERIALS AND METHODS 

 

 

3.1 SITE BACKGROUND 

 This study was performed on Phase One of the Leon County Landfill on 

Apalachee Parkway, approximately 8 miles west of Tallahassee Florida.  Phase one of the 

Leon County Landfill was open to general dumping sometime in the mid 1970’s and 

closed in the mid 1980’s.  Sometime later, Phase One was equipped with passive vents to 

allow for escape of landfill gases.  At the time of this study waste contained in phase one 

was roughly 20 to 30 years old. An aerial photograph of Phase One showing the locations 

of vents used in this study is shown in Fig. 3.1. 

 

3.2 VERTICAL BIOFILTER 

The vertical biofilter design was the first one explored in this study.  It is named 

after the direction of gas flow within the filter.  As shown in Fig. 3.2, landfill gas enters 

the bottom of the biofilter and migrates vertically up through the compost media mixture 

and out the top.  This design was made using a 231 liter barrel in which it is housed.  The 

231 liter plastic barrel design was used because of several reasons.  One was because of 

the importance to use readily available materials.  Another reason was because the size is 

rather compact, and with the whole filter housed in the barrel, is somewhat aesthetic.  The 

filter has an inflow near the bottom which is embedded in a drainage layer of gravel 

and/or recycled glass.  This drainage layer also acts as a gas distribution layer.  Just above 

the gravel/glass, there is a geotextile/geonet composite that separates the drainage layer 

from the compost mixture and provides additional gas dispersion.  The compost mixture 

is made up of a 50/50, by volume, mix of compost and peanut foam or compost and 

rubber tire chips.  Compost could have been used exclusively, but to lessen settlement 

and hopefully increase atmospheric oxygen penetration, it was decided to introduce the 

peanut foam and the rubber tire chips.  A photo of these mixtures can be observed in Fig. 

3.3. Originally a total of six vertical biofilters were tested, three with the peanut foam and 

three with the rubber tire chips.  One of each was connected to passive vents 1 through 3 
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Fig. 3.1.  Arial View of Phase One of the Leon County Landfill and the Four Passive 

Vents used for this Study (V1, V2, V3, and V4). 
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Fig. 3.2.  Diagram of Vertical Biofilter Design. 
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Fig. 3.3.  Photograph of Compost/Mulch with Rubber Tire Chips (left) and 

Compost/Mulch with Peanut Foam (right). 
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and an empty one to vent 4 (Fig.3.1).  Fig. 3.4 displays two of these biofilters connected 

to a vent.  The vertical biofilters were labeled based on vent location and compost media 

mixture.  For example, Vent 2 had Biofilters 2R and 2P.  The “2” stands for the vent 

number, while the R and P describes the compost mixture, R for rubber tire chips and P 

for peanut foam. 

 

3.3 RADIAL BIOFILTER 

The concept of a “radial” biofilter came about because of the need to increase 

oxidation of methane by biofilters. In order for methanotrophic bacteria to oxidize 

methane into carbon dioxide, they need to get enough oxygen.  If methane is supplied to 

these methanotrophic bacteria and no oxygen is available, the methane will simply vent 

into the atmosphere.  Several options of how to supply the bacteria with more oxygen 

were “brain-stormed”.  The two leading options were to either pump atmospheric air into 

the biofilters or increase the surface area that is exposed to the atmosphere, therefore 

increasing the area available for oxygen to diffuse into the media and decrease the flow 

of methane per unit area in the biofilters.  The later option was chosen due to the fact that 

it would be more self sufficient being that no fans, pumps, or electricity would be 

required. 

 In order to increase the surface area of the compost/mulch that would come into 

contact with the atmosphere, a “box shaped” design was chosen.  An image of this design 

is shown in Fig. 3.5.  The idea of the design is to leave the top of the mulch/compost box, 

and all four sides open to the atmosphere.  More surface area means more area for 

atmospheric oxygen to penetrate and diffuse into the bacterial medium, theoretically 

resulting in higher oxidation values and lower flow per unit area for the methane.  The 

surface area for the radial filters is 1.212 m
2
, an increase of 459% of that of the vertical 

filters (0.264 m
2
).  Fig. 3.6 displays a diagram, with dimensions, of the radial biofilters.  

The radial biofilters are then housed in an identical plastic barrel as the vertical filters for 

protection.  It is important to note that there is a gap between the sides of the radial 

biofilters, and the side of the barrels to allow for diffusion of atmospheric oxygen into the 

filter.  

 



 25

 

 

 

 

 

 

Fig. 3.4.  Two Vertical Filters Connected to a Passive Vent. 
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Fig. 3.5.  Photograph of Radial Biofilter Design (excluding plastic barrel and filter 

media ). 
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Fig. 3.6.  Diagram of Radial Biofilter Design. 
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3.4 METHANE BIOFILTER EMISSIONS 

 Measurements of CH4 emissions from each biofilter were taken using what is 

called the “static” chamber technique.  This method of analysis has been used in similar 

research such as that of Czepiel et al. (1996), Hutchinson and Livingston (2002), and 

Powelson et al. (2006).  For the vertical biofilters, the “chamber” consisted of the empty 

head space between the top of the biofilter media and the top of the plastic barrel.  For the 

radial biofilters, the “chamber” consisted of the empty space between the filter media and 

the top and sides of the plastic barrels.  To enclose the headspace, the original plastic 

barrel lid along with an equipped rubber gasket were placed on top of the barrels and 

sealed with a clamp.  The lid was modified (Fig.3.7) with a port for sampling and with a 

small vent to reduce pressure buildup within the filter and ensure advective flow.  A 

sampling time increment of 0, 1, 2, 3, and 5 minutes was settled upon (Fig. 3.8 depicts an 

actual testing event).  Samples were taken at these time intervals using plastic 60mL 

syringes which were then used to inject into a Shimadzu 8A Gas Chromatograph with a 

flair ionization detector to establish CH4 concentrations.  The change in concentration, C 

(ppmv), with time, t (min) (see Fig. 3.9) was then used in the subsequent equation to 

determine methane emissions, E (g/d): 

                                                      )/()/( TRPVMUdtdCE =                                        (3.1) 

where, P is the pressure (1atm), V is the volume of the “chamber” (71.6L for the vertical 

filter, 117.5L for the radial filter, 231.2L for an empty filter), M is the molar mass of CH4 

(16g/mol), U is a conversion factor (0.00144 L min (µL d)
-1

), T is the chamber air 

temperature (Kelvin), and R is the ideal gas constant (L atm (K mol)
-1

). 

 

3.5 STABLE ISOTOPE ANALYSIS  

 To determine methane oxidation in the biofilters, a stable carbon isotope 

technique was used.  This technique has been applied to similar projects by research 

studies such as that of Liptay et al. (1998), Chanton et al. (1999), Abichou et al. (2005), 

Abichou et al. (2006), and Powelson et al. (2006).  This process began by taking initial 

and final isotope samples (initial corresponding to t = 0 min., and final corresponding to  
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Fig. 3.7.  Plastic Barrel Lid Modified for Emission Testing. 
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Fig. 3.8.  Photograph of Emission Testing. 
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Fig. 3.9.  Typical Regression Plot of Biofilter Methane Emissions. 
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the last time sampling, usually t = 5 min.).  These samples were stored in refrigerated 

evacuated vials until analysis.  Analysis of samples, as well as a standard, for the ratio of
 

13
C/

12
C (Rsample and Rstd) were conducted using a Hewlett Packard gas chromatograph 

paired with a Finnegan Mat Delta S isotope ratio mass spectrometer by way of a 

combustion interface.  Using Rsample and Rstd, the isotopic carbon content (δ13
C), 

represented by δ, is evaluated using equation 3.2: 

                                                ]1)/[(1000% −= stdsample RRδ                                           (3.2) 

The results from equation 3.2 are then used to calculate the isotope ratio of methane that 

is discharged (δD) from the biofilters with the following equation: 

                                                )/()]()[( ifiiffD CCCC −−= δδδ                                   (3.3) 

δf and δi represent final and initial methane δ obtained from equation 3.2, and Cf and Ci 

represent final and initial methane concentrations which are obtained as described in 

section 3.3. 

 Research performed by Coleman et al. (1981) concluded that methanotrophic 

organisms seem to prefer and deplete 
12

C at a greater rate than 
13

C.  Chanton and Liptay 

(2000) calculated this favor of 
12

C over 
13

C of methanotrophic bacteria within mulch 

from the Leon County Landfill and is represented by αmulch in their equation: 

                                                0411.1000438.0 +∗−= Tmulchα                                       (3.4) 

where T is temperature of the mulch in °C. 

 The fraction of methane oxidized (%fox) within the biofilter media can then be 

estimated using the ensuing equation: 

                                    )](1000/[)(% transmulchADoxf ααδδ −∗−=                                (3.5) 

where, δA is the carbon isotopic content (δ 13
C) of anoxic methane within the landfill (-

56.56%) and αtrans is the isotope fractionation caused by methane transport processes.  As 

mentioned in section 2.3, the main transport process responsible for the movement of 

methane outward of the landfill envelope is advection.  For this reason only advection 

will be accounted for, resulting in αtrans = 1. 
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Fig. 3.10.  Photograph of Inline Bubble Flowmeter. 
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3.6 INFLOW MEASUREMENT AND CALCULATION OF METHANE INFLUX 

 For measuring the gas inflow rates, ports equipped with valves were integrated 

into the tubing that transported the gas from the vent to the individual filters.  Using these 

ports and valves, as depicted by Fig.3.10, a glass bubble flowmeter was installed in line  

with the system during testing events.  The flow of the incoming gases was recorded 

three times for each biofilter during each testing event and then averaged. 

The influx of methane into the biofilters can be calculated by using half the 

bubble flowmeter measured inflow (because 50/50 methane and carbon dioxide) and 

dividing by the surface area of the filter.  Another way of calculating the influx is by 

using mass balance.  Mass balance can be used to calculate influx of methane if the 

proper variables are known.  The following is a mass balanced based formula to calculate 

this influx of methane into the biofilters: 

                                                         )1/( oxmoutines fJJ −=                                              (3.6) 

where, inesJ  is the estimated methane influx, outJ  is the measured methane outflux, and 

oxmf  is the fraction oxidized obtained from equation 3.5. 

 

3.7 PROFILE OF GAS CONCENTRATIONS 

For this study, gas probes were constructed out of stainless steel tubes.  These 

probes were used to obtain gas samples at different depths within each biofilter.  A probe 

sampling event can be viewed in Fig.3.11.  Using these samples, gas concentration 

profiles were constructed for methane, oxygen, carbon dioxide, and nitrogen.  For the 

vertical biofilters, the sampling depths were at 5, 10, and 20 cm depths, see Fig. 3.12.  

For the radial biofilters, samples were taken at 3 cm and 9 cm from the side of the filter at 

a distance of 5 and 30 cm from the top, see Fig. 3.13.  Gas probe samples were taken just 

prior to a fluxing event and were then analyzed in the lab using a Shimadzu 8A gas 

chromatograph (GC) thermal conductivity detector (TCD). 

 

3.8 AMBIENT CONDITIONS 

 During this study, the ambient conditions that were monitored included air 

temperature, compost temperature, barometric pressure, and biofilter gas inflow rate.  Air 

temperatures were taken in the shade using a Fisher Scientific Traceable Thermometer  
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Fig. 3.11.  Photograph of Probe Sampling. 
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Fig. 3.12.  Diagram of Probe Sampling Locations for Vertical Biofilters. 
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Fig. 3.13.  Diagram of Probe Sampling Locations for Radial Biofilters. 
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and recorded at the beginning of each testing event for individual biofilters.  Compost 

temperatures were also measured and recorded at the beginning of each test for each 

individual biofilter, at a depth of 8 cm using a Fisher Scientific Traceable Thermometer.  

Barometric pressures were also recorded.  These pressure readings were obtained hourly 

for The City of Tallahassee from the Plymouth State Weather Center (Koermer, 2006) 

located online at http://vortex.plymouth.edu/.  For fluxing events that took place at mid 

hours, the closest hourly reading was used. 
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SECTION FOUR 

RESULTS AND DISCUSSION 

 

 

4.1 RESULTS OF VENT OUTPUTS 

 An aerial photograph of Phase One and the studied vents can be seen in Fig. 3.1.  

Before this study began, a preliminary analysis of the passive vents at the Leon County 

Landfill took place.  The vents were tested for gas flow as well as methane content in 

order to choose vents that were adequate for the study.  Four vents were chosen for this 

study. 

 

4.1.1 Measured Vent Output and Calculated Vent Output 

As discussed in Section 3.7, measured inflow rates for the biofilters were taken 

using a bubblemeter connected inline, between the vents and the biofilters. It is important 

to note that a particular vent output is equivalent to the sum of the inflows for the 

biofilters that are connected to that particular vent.  These “measured” flow rates proved 

to be problematic due to the high variability of the flows even during the short five 

minute time spans it took to take flux samples.  When the measured flow data was 

compared to the vent biofilter outflows that were calculated using the flux event data, it 

was seen that the bubblemeter method of measuring flow rates was not accurate for this 

application.  Table 4.1 shows a comparison of bubblemeter measured vent biofilter inputs 

with calculated vent biofilter outputs for January 24, 2005.  As can bee seen, the methane 

output for Vent 1 as well as for Vent 3 (5378 and 4222 g/d respectively) are considerably 

higher than the measured inputs (959 and 3481 g/d).  If these numbers are correct, that 

would suggest that the biofilters are actually producing a considerable amount of methane 

instead of oxidizing it.  Considering the make up of the media within the biofilters, as 

well as the amount of media it can be concluded that this is unreasonable. 

In order to have vent inflow data that better represents the flow during the fluxing 

events, it was compiled using the fraction oxidized calculated by isotopes and the 

measured biofilter outflux, to solve for the influx, and then divided by the filter surface 

area to get a flow in grams per day of methane.  This method of calculating input does, 
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Table 4.1.  Comparison of Bubblemeter Measured Vent Methane Output with Combined 

Biofilter Methane Output for 1/24/06. 
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 however, have its limitations.  If the fraction oxidized is 100% then it is not possible to 

solve for the input.  Because of this limitation, some of the input data is incomplete.  

Table 4.2 compares the calculated inputs with the bubblemeter measured inputs for Vents 

1, 2, and 3, on January 24, 2006.  As can be seen by Table 4.2, the measured input can 

under or over estimate the calculated input for an averaged time period.  Fig. 4.1 also 

compares the bubblemeter measured inputs and the calculated inputs for January 24, 

2006.  For comparison and analization purposes, the calculated outputs are used in the 

rest of the study. 

 

4.1.2 Vent Output Patterns 

Not including fluxing events with 100% oxidation, Vent 2 had the highest average 

methane output during the study followed by Vent 1, Vent 4, and Vent 3 (3815, 3644, 

3508, and 2372 g/d respectively).  Vent 1 methane output varied from a calculated high 

of 7845 g/d to a calculated low of 296 g/d.  Vent 2 methane output varied from a high of 

8298 g/d to a low of 5 g/d.  Vent 3 varied from 5911 g/d to 0 g/d.  Vent 4 varied from a 

low methane emission of 0 g/d to a high of 13120 g/d.  Table 4.3 shows calculated vent 

outputs per sampling event, as well as average vent outputs for the study period.  Blank 

spots in the table indicate that the flow was not calculated due to 100% oxidation, and/or 

not all data was complete for individual biofilters connected to that specific vent, not 

enabling for the calculation of CH4 output. 

Average vent methane output decreased during the study.  This trend can be 

noticed in Fig. 4.2 which shows average vent output vs. time. During the study air 

temperature increased due to change of seasons, from winter to summer.  Fig. 4.3 depicts 

average vent methane output vs. air temperature.  As can be observed by Fig. 4.3, the 

trend is that methane output decreased with an increase in temperature.  However, the 

decrease in methane output cannot be correlated to an increase in temperature.  As 

recalled, the age of the waste in this part of the Leon County Landfill is 20 to 30 plus 

years.  Due to the age of the waste it can assumed that this section of the landfill is in the 

latter part of “phase four” of a landfill gas production cycle (depicted in Fig. 2.2) and thus 

gas production has decreased due to less anaerobic decomposition. 
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Table 4.2.  Comparison of Bubblemeter Measured Vent Methane Output with Calculated 

Vent Methane Output for 1/24/06. 
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Fig. 4.1.  Comparison of Bubblemeter Measured Vent Methane Output with Calculated 

Vent Methane Output for 1/24/06. 
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Table 4.3.  Comparison of Vent Methane Outputs. 
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Fig. 4.2.  Average Vent Methane Output vs. Time. 
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Fig. 4.3.  Average Vent Methane Output vs. Air Temperature. 
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A previous study by Gebert and Grongroft (2005) has shown that landfill passive 

vent emissions can be correlated to atmospheric pressure. However, as shown in Fig. 4.4, 

there seems to be no correlation between these two factors.  A previous study (Escoriaza, 

2005) at this same landfill came to the same conclusion that there was no clear pattern 

between atmospheric pressure and landfill methane emissions.  To further understand 

methane emissions at the Leon County Landfill it is recommended that pressure probes 

be installed into the landfill envelope to study methane emission patterns vs. the 

difference in pressure between the landfill envelope and the atmosphere. 

 

4.2 COMPARISON OF VERTICAL AND RADIAL BIOFILTERS 

At the beginning of this study Vents 1, 2, and 3 all contained vertical biofilters.  

However, Vent 1 biofilters were changed to radial biofilters and collection of data for 

these biofilters started on February 28, 2006.  Comparison of these two designs was 

performed in two ways.  They were evaluated by comparing data from the same time 

period, April 7 to August 4, 2006 and by comparing data from Vent 1, when it contained 

vertical biofilters vs. when it had radial biofilters.  Recall that vertical biofilters were 

labeled with R or P and radial biofilters were labeled A and B. 

For the period of April 7 to August 4, 2006 the highest methane oxidation 

achieved for a vertical biofilter was 100%.   The highest oxidation, other than 100%, 

reached by a vertical biofilter was 67% with a calculated methane input of 4.6 g/d. A 

minimum methane oxidation value of 0% was observed on a number of occasions for the 

vertical filters.  Not including zero methane inflow events, the lowest calculated methane 

inflow when 0% oxidation was recorded was 169 g/d.  

The highest methane oxidation achieved by a radial biofilter for this same time 

period was 100%.  The highest oxidation value achieved by a radial biofilter, not 

including 100% oxidation events, was 53%, with a calculated methane input of 628.7 g/d.  

Not including zero methane inflow events, 0% oxidation was recorded only once by a 

radial biofilter with a calculated methane inflow of 296 g/d.   

Table 4.4 lists averaged calculated methane inflows, average methane oxidation, 

and averaged methane removed for the two filter designs by flux date events for the time 

period of 4/7/06 to 8/4/06.  100% oxidation events were left out of the averages, because 
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Fig. 4.4.  Vent Methane Output vs. Atmospheric Pressure. 
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Table 4.4.  Time Comparison of Vertical and Radial Biofilters.  Values Exclude 

100% Oxidation Events and Zero Input Events. 
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input may not be calculated, as well as zero methane input events, since oxidizing 

methane is not possible without methane.  Fig. 4.5 plots methane oxidation over time (a), 

as well as methane removed over time (b).  For the period, vertical biofilters averaged 

12.2% (N = 9, stdev = 0.21) methane oxidation, 10.7 g/d (N = 9, stdev = 22.4) of methane 

removal at an average calculated methane input rate of 836.6 g/d (N = 9, stdev = 1086.1).  

For the same time period, the radial biofilters averaged 19.3% (N = 8, stdev = 0.11) 

methane oxidation, 292.8 g/d (N = 8, stdev = 270.9) of methane removal at an average 

calculated methane input rate of 1580.1 g/d (N =8, stdev = 1420.6).  Although the radial 

filters averaged almost twice the methane input as the vertical filters, the input averages 

were not found to be significantly different (P-value = 0.23). Statistically, the two filter 

designs averaged a similar methane oxidation, 19.3% for the radial filters vs. 12.2% for 

the vertical filters with a P-value of 0.41.  However, a better comparison is that of the 

average methane removed (10.7 g/d for the vertical and 292.8 g/d for the radial), where 

they were found to be significantly different (P-value = 0.0069). For this time comparison, 

the radial biofilters achieved a higher methane removal rate vs. calculated methane input.  

A plot of this trend is shown in Fig. 4.6. 

Fig. 4.7 shows probe gas profiles for a vertical and radial biofilter on 4/25/06 

when they both had similar methane inputs of about 5800 g/d.  As seen by the profiles, 

the radial biofilter attained higher oxygen content throughout its filter medium, with an 

oxygen content of 20% at 3 cm from the surface (12 cm from the input source), and 8% 

9cm from the surface (3 cm from the input source).  The vertical biofilter had an oxygen 

content of 2% at 5 cm from the surface (20 cm from the input source) and 1% at a depth 

of 20 cm (10 cm from the input source).  The radial biofilter achieved a higher oxidation 

rate (18.9%) under the same methane input rate than the vertical biofilter (2.4% 

oxidation), see Fig. 4.8.  This difference in performance is due directly to the increased 

surface area of the radial biofilter over the vertical biofilter.  The increase in surface area 

allows for a lower methane influx (4787.0 g/d/m
2
 for the radial biofilter vs. 22096.5 

g/d/m
2
 for the vertical) at the same input rate which results in a longer retention time, and 

an increase in oxygen penetration.  Taking all the data into account, it was found that the 

radial biofilter design is superior in oxidizing methane (P-value = 0.0069 for methane 

removal) over the vertical biofilter design. 
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Fig. 4.5.  Methane Oxidation vs. Time (a) and Methane Removed vs. Time (b) for 

Average Vertical and Radial Biofilters.  (No value for Radial on 4/7/06 because 100% 

Oxidation) 
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Fig. 4.6.  Methane Removed vs. Calculated Methane Input for Average Vertical and 

Radial Biofilters. 
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Fig. 4.7.  Probe Profiles for a Vertical (a) and a Radial (b) Biofilter on 4/25/06 with 

similar Methane Input Congruent to 5800 g/d. 
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Fig. 4.8.  Comparison of Methane Input and Methane Oxidized for a Vertical and Radial 

Biofilter on 4/25/06. 
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As mentioned previously, Vent 1 at first contained vertical biofilters, and later 

radial biofilters.  Comparison of the results for the two biofilter designs, vertical and 

radial, from this same vent is of interest since the methane source is the same.  Data from 

Vent 1 for vertical biofilters from 10/7/05 to 2/9/06 is compared in Table 4.5 with data 

from Vent 1 for radial biofilters from 2/28/06 to 8/4/06.  The data in this table was 

calculated in the same manner as Table 4.4 (without 100% oxidation events, or zero 

methane inflow events).  The average calculated methane input for vertical biofilters on 

Vent 1 was 2084.0 g/d compared with 1854.8 g/d for the radial biofilters.  Average 

methane removal rate for the vertical biofilters was 137.4 g/d compared to 300.4 g/d for 

the radial biofilters. The radial biofilters also outperformed the vertical biofilters in 

oxidizing methane (18.2% vs. 6.6%)  Fig. 4.9 plots the average methane removed vs. 

time for vertical and radial biofilters connected to Vent 1.  For this vent comparison, the 

radial biofilters achieved a higher methane removal vs. calculated methane input.  A plot 

of this trend is shown in Fig. 4.10. 

 

4.3 COMPARISON OF BIOFILTER MEDIA 

 As recalled, vertical biofilters contained either a mixture of rubber tire chips and 

compost, filters labeled with an R, or a mixture of peanut foam and compost, filters 

labeled with a P.  Fig. 3.3 is a photograph depicting these two mixtures.  The time period 

of comparison for these two media types spans from October 7, 2005 to August 4, 2006. 

 For the given time period, both R and P biofilters experienced a high of 100% and 

a low of 0% methane oxidation.  The highest oxidation value, other than 100%, observed 

in an R filter was 67.3% with a calculated methane input of 4.6 g/d and a removal rate of 

3.1 g/d.  The highest oxidation value, other than 100%, observed in a P biofilter was 

63.7% with a methane input rate of 16.5 g/d and a removal rate of 10.5 g/d.  The highest 

methane removal recorded for an R filter was 263.1 g/d with a methane input of 2953.1 

g/d and an oxidation of 8.9%.  The highest methane removal recorded for a P biofilter 

was 333.8 g/d with an input of 3384.8 g/d and an oxidation of 9.9%. 

 Fig. 4.11 displays methane oxidized vs. time and methane removed vs. time for 

both types of media (R averages and P averages).  These averages are also listed in Table 

4.6.  As can be seen in Fig. 4.11, both the pattern and magnitude of methane oxidation  
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Table 4.5.  Comparison of Vent 1 Vertical and Radial Biofilters.  Values Exclude 100% 

Oxidation Events and Zero Input Events. 
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Fig. 4.9.  Methane Removed vs. Time for Vent 1 Vertical and Radial Biofilters. 
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Fig. 4.10.  Methane Removed vs. Calculated Methane Input for Vent 1 Vertical and 

Radial Biofilters. 
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Fig. 4.11.  Methane Oxidation vs. Time (a) and Methane Removed vs. Time (b) for an 

Average Rubber Tire Chip and Peanut Foam Biofilter. 
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Table 4.6.  Comparison of Rubber Tire Chip and Peanut Foam Biofilters.  All Values 

Exclude 100% Oxidation and Zero Input Events. 
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and methane removal for R biofilters and P biofilters are similar.  As indicated in Table 

4.6, R filters averaged a methane input of 2021.2 g/d (N = 14, stdev = 1697.28), a 

methane removal rate of 54.5 g/d (N = 14, stdev = 58.28), and 7.5% (N = 14 , stdev = 

0.17) methane oxidation for the time period.  Similarly, P filters averaged a methane 

input of 1169.2 g/d (N = 15, stdev = 1314.59), a methane removal rate of 44.1 g/d (N = 

15, stdev = 64.69), and 6.1% (N = 15, stdev = 0.08) methane oxidation. The pattern of 

methane removed vs. methane input for both types of media are very similar.  This 

pattern may be viewed on Fig.4.12.  The averages of the inflows for the R and P filters 

(2021.2 g/d and 1169.2 g/d) were not found to be significantly different (P-value = 0.14). 

When the averages for the R and P biofilter methane oxidation (7.5% and 6.1%, P-value 

= 0.78) and the methane removed (54.5 g/d and 44.1 g/d, P-value = 0.66) are compared, it 

is concluded that they are significantly equal.  Taking all of this data into account, it was 

found that there is no significant difference in these two media types for the oxidation of 

methane. 

 

4.4 TEMPERATURE OF COMPOST MIXTURES 

 The temperatures of the compost mixtures within the biofilters varied from 

fluxing event.  The recorded high was 44.6 °C with 0% methane oxidation.  The recorded 

low for the study was 11.6 °C with 7.87% methane oxidation.  Fig. 4.13 displays 

averages of soil temperature vs. methane oxidation for flux event.  The only clear pattern 

that can be seen from this plot is that of the thirteen points, six have an oxidation of 20% 

or higher.  Of these six points, all fall between the temperature range of 20 °C and 36 °C.  

This finding agrees with previous research that states that the most favorable temperature 

for methanotrophic bacteria to oxidize methane falls between 20 °C to 36 °C 

(Visvanathan et al., 1999). 

 

4.5 METHANE INFLUX AND OXIDATION 

Fig. 4.14 displays a plot of methane oxidation vs. the log of methane influx. The 

plotted data on this figure are results of this study, as well as that of a biocover study at 

the Leon County Landfill by Sharon Escoriaza (2005). As can be observed in the figure, 

there seems to be a linear relationship; as the log of the methane influx (g/d/m
2
) decreases,  



 62

 

 

 

Fig. 4.12.  Methane Removal vs. Calculated Methane Input for Rubber Tire Chip and 

Peanut Foam Biofilters. 
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Fig. 4.13.  Average Soil Temperature vs. Time for Flux Events. 
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Fig. 4.14.  Methane Oxidation vs. the Log of Influx. 



 65

the oxidation increases.  This simply means that the lower the influx (or the more surface 

area provided for a particular methane input), the higher the oxidation.  This relationship 

is extremely important in that it can be used for the design of a methane oxidizing 

biofilter using a particular media.  For example, Fig. 4.14 was made using data obtained 

using a compost/mulch type mixture, but this plot could be made for any biofilter media.  

The equation of the best fit line can be manipulated to solve for influx for a particular 

oxidation value.  For example, the equation for the best fit line for Fig. 4.14 can be 

changed into: 

                                           Jin = Log
 -1

[(fox – 0.8146)/-0.202]                                      (4.1) 

where Jin is the influx (g/d/m
2
) and fox is the fraction oxidized.  This Jin can now be 

used for designing a biofilter.  For example, a biofilter is to be built using the same media 

as used in this study that can oxidize on average 30% of the methane input.  The 30% is 

used in equation 4.1 to solve for the influx (g/d/m
2
).  Once the influx is known then the 

flow of methane (g/d) can be used to solve for the surface area (m
2
) of the filter that is 

needed to be able to oxidize 30% of the methane.  Table 4.7 lists various fraction 

oxidized values with their corresponding maximum methane influx values obtained using 

the equation of the best fit line from figure 4.14.  Table 4.8 lists various methane vent 

outputs and the minimum amount of surface area and minimum number of vertical or 

radial biofilters required to attain several methane oxidation values.  As can be seen by 

table 4.8, less radial biofilters are needed on any given occasion than vertical biofilters.  

However, it is important to note that having to use a high number of filters on any vent 

would not be very viable nor aesthetically pleasing (i.e. 92 radial filters required to 

oxidize 50% of a 4000 g/d CH4 input). 
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Table 4.7.  Fraction of Methane Oxidized with Corresponding Calculated Required 

Methane Influx for Compost Type Biofilter Media. 

 

 

Table 4.8.  Number of Filters Required for Varied Methane Outputs for a Vent at Varied 

Methane Oxidizing Values. 
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SECTION FIVE 

CONCLUSION 

 

 

Methane is a greenhouse gas with an infrared activity 21 times that of CO2.  

Methane concentration has increased in the atmosphere by more than a factor of 2 over 

the last century.  The majority of CH4 emissions are anthropogenic and can be reduced.  

Globally, landfills make up 12% of methane emissions by the decomposition of waste 

within.  Smaller, as well as older landfills, typically emit methane into the atmosphere 

through passive vents.  It was the objective of this study to research biofilters as a way to 

reduce landfill methane emissions from passive venting into the atmosphere. 

Passive vents in Phase One of the Leon County Landfill were chosen because the age of 

the waste and the size of Phase One is a good representation of an older and smaller 

landfill. 

From initial vent output testing, four vents were chosen for this study, Vent 1, 2, 3, 

and 4.  Vent 1 contained vertical biofilters from October 7th 2005 to February 9th 2006 

and radial biofilters from February 10th 2006 to August 4th 2006 . Vent 2 and 3 

contained vertical biofilters from October 7th 2005 to August 4th 2006 and Vent 4 

contained an “empty” filter from October 7th 2005 to August 4th 2006 as well, to 

monitor vent emission patterns.  The average methane output for the study period was 

3644 g/d for Vent 1, 3815 g/d for Vent 2, 2372 g/d for Vent 3 and 3508 g/d for Vent 4.  

Although atmospheric pressure was recorded on  testing events during the study, there 

was no correlation found between the atmospheric pressure and vent methane emissions.  

Average methane output decreased during the study and it is suggested that this 

occurrence is due to the decreasing gas production of the landfill envelope due to 

decreased anaerobic decomposition because of the age of the waste (20 to 30 plus years). 

The highest oxidation achieved by a vertical biofilter was 100%, as was for the radial 

biofilters.  The lowest methane oxidation achieved was 0% by both designs.  From April 

7th 2006 to August 4th 2006 the radial biofilters outperformed the vertical biofilters. 

During this time period the radial biofilters attached to Vent 1 averaged a 19.3% methane 

oxidation at an average methane input of 1580.1 g/d and an average methane removal 
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rate of 292.8 g/d.  The vertical biofilters on Vent 2 and 3 averaged a similar oxidation of 

12.2 %, but at a lower methane input of 836.6 g/d, and a much lower methane removal 

rate of 10.7 g/d.  When the two designs were compared with data from April 25th, 2006, 

at a similar methane input rate of about 5800 g/d, it was concluded that the radial design 

(18.94% CH4 oxidation) outperformed the vertical design (2.39% CH4 oxidation). 

Comparison of the two filter designs when attached to Vent 1 (October 7th, 2005  

to February 9th, 2006 for the vertical design and February 10th, 2006 to August 4th, 2006 

for the radial design) also proved the radial design more effective than the vertical. The 

vertical design averaged 6.6% methane oxidation with an average methane removal rate 

of 137.4 g/d at an average methane input of 2084 g/d.  The radial design averaged 18.2% 

oxidation with a methane removal rate of 300.4 g/d at an average methane input of 

1854.8 g/d. 

The overall better performance of the radial design is attributed to its larger 

surface area (1.212 m
2
) than that of the vertical design (0.264 m

2
).  The increased surface 

area results in a smaller influx, increased detention time, and better oxygen penetration.  

All these factors combined make the radial design a much better design for oxidizing 

passive methane emissions from landfills. 

The radial designs were filled with a 50/50 by volume mixture of recycled rubber 

tire chips and compost or peanut packing foam and compost.  Comparison of the two 

filter media mixtures from October 7th, 2005 to August 4th, 2006 proved that there was 

no difference between the two.  The vertical biofilters filled with the rubber tire chip 

mixture averaged 7.5 % methane oxidation with a 54.5 g/d removal rate average at an 

average methane input of 2021.2 g/d.  The vertical filters filled with the peanut foam 

mixture averaged a similar methane oxidation average of 6.1% and a similar methane 

removal rate of 44.1 g/d at an average methane input of 1169.2 g/d.  The similar 

performance of the two mixtures was due to similar effects on oxygen penetration. 

Since methanotrophic bacteria can be sensitive to varying temperatures, air and 

filter media temperatures were recorded during sampling events.  Air temperature 

averages rose during the study (because of change of seasons, from winter to summer). 

Methane output decreased during the study because a decrease in anaerobic 

decomposition due to the age of the waste as mentioned earlier.  Effects of filter medium 
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temperatures on oxidation of methane with methanotrophic bacteria proved to be 

important, with all averaged methane oxidations of 20% or greater having a filter medium 

average temperature of 20 to 36 °C, agreeing with published optimum soil temperatures 

(Visvanathan et al., 1999). 

This research proved that availability of oxygen to the methanotrophic bacteria, 

filter influx, and filter surface area are key factors for optimizing methane oxidation in 

biofilters.  It is important to continue research of these and other factors in order to make 

attenuation of passively vented landfill emissions with biofilters a practical option. 
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