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Abstract
An experimental bio-column composed of aged refuse was installed around the exhaust pipe as a new way to mitigate methane in

refuse landfill. One of the objectives of this work was to assess the effect of aged refuse thickness in bio-column on reducing CH4

emissions. Over the study period, methane oxidation was observed at various thicknesses, 5 cm (small size), 10 cm (middle size) and
15 cm (large size), representing one to three times of pipeline diameters. The middle and large size both showed over 90% methane
conversion, and the highest methane conversion rate of above 95% occurred in the middle-size column cell. Michaelis-Menten equation
addressed the methanotrophs diffusion in different layers of the bio-columns. Maximum methanotrophic activity (Vmax) measured at the
three thicknesses ranged from 6.4 × 10−3 to 15.6 × 10−3 units, and the half-saturation value (KM) ranged from 0.85% to 1.67%. Both the
highest Vmax and KM were observed at the middle-size of the bio-column, as well as the largest methanotrophs population, suggesting a
significant efficiency of methane mitigation happened in the optimum zone with greatest affinity and methanotrophic bacteria activities.
Therefore, bio-column is a potential style for methane abatement in landfill, and the aged refuse both naturally formed and artificially
placed in the column plays a critical role in CH4 emission.

Key words: methane; landfill; aged refuse; bio-column; thickness

DOI: 10.1016/S1001-0742(09)60175-3

Introduction

Methane is a potent greenhouse gas due to its efficiency
at absorbing and re-emitting infrared radiation. The global
warming potential of CH4 is 23 times higher than that of
CO2 (USEPA, 2002). On a global scale, approximately
653 Tg/yr of waste is landfilled, and annual global CH4
emissions from landfills range from 16 to 22 Tg (Bogner
and Matthews, 2003; Simpson et al., 2006), accounting
for about 10%–19% of annual global CH4 emissions
(Kumar et al., 2004; USEPA, 2006). In the United States,
landfills are the largest sources of anthropogenic methane
emissions, which have been estimated to be 140.9 Tg CO2,
accounting for about 25% of the total CH4 emissions of
USA (USEPA, 2006), and in Canada, methane emissions
from landfill sites represent 26% of all anthropogenic
sources of this greenhouse gas (Nikiema et al., 2005).
Although, at this time, important improvements are being
made towards landfill management, it is believed that by
the year 2050, CH4 emission from landfills could increase
by up to 81 Tg/yr (Kreileman and Bouwman, 1994) or
even 93 Tg/yr (van Amstel et al., 1993). As methane from
landfills is closely related to human activities, together
with CH4 emissions from the fossil fuel sector, landfill
CH4 emissions are the most practical ones to mitigate to
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stabilize the CH4 concentration in atmosphere.
Within landfills, the percentage of the natural biologi-

cal elimination of the generated methane is estimated to
be only approximately 10% (USEPA, 2005). Biological
treatment depending mainly on the methanotrophs, are
able to consume various polluting compounds present in
biogas, such as methane, while only generating water,
carbon dioxide, salts and biomass as oxidation products,
being much less harmful for the environment than the
initial biogas components. Hence, methanotrophs are ca-
pable of efficiently converting CH4 (Hanson and Hanson,
1996; Hakemian and Rosenzweig, 2007), in spite of the
increasing use of systems for gas emissions collection, for
only between 40% and 60% (V/V) of the biogas formed
is effectively recovered, and the residual quantities are
dissipated into the surrounding soil and air (Nikiema et al.,
2005).

However, the quantitative significance of the reduction,
which depends on the availability of CH4 (Bender and
Conrad, 1995; Stein and Hettiaratchi, 2001; Pawlowska
and Stepniewski, 2006), as well as on several environ-
mental factors, need to be determined in the field. Soil
material has been used to create landfill covers that oxidize
the methane produced in the layer of wastes. It can bring
about a considerable reduction up to 35% in emissions
of methane in this way from one of the more important
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anthropogenic sources (Reeburgh, 1996). And, experi-
ments conducted in the past by several authors have shown
that various compost materials constitute adequate cover
media for methane abatement. Indeed, with such composts,
reaction times are reduced and overall conversions are
often greater and longer than those obtained with other
cover materials, e.g., soils. Best results were obtained in
composts when the organic matter is almost completely
stable and the 7-day respiratory activity value is lower than
10 mg O2/g of dry matter (Humer and Lechner, 2001).

Apart from soil, methane oxidation material is usually
made of sand or clay, and used as the daily and final
cover of the wastes in landfills. Additionally, aged refuse,
available in many landfills, is considered as a potential
natural medium to be the covering on the top of the
landfills recently. Generally, after 8–10 years of placement,
there are few explosive gases and liquid leachate produced
from the refuse, the ratio of biochemical oxygen demand
and chemical oxygen demand (BOD5/CODCr) descents to
0.3, CODCr level decreases to 25–50 mg/L, and the content
of organic matters is less than 10%, which suggests that the
refuse has been stabilized and could be defined as “aged
refuse” (Zhao and Shao, 2004). The aged refuse contains
a wide spectrum and large quantity of microorganisms
which have been proved to have a strong decomposition
capability for both biodegradable and refractory organic
matter appeared in some wastewaters (Zhao et al., 2007).
There are 2.2 million tons of municipal solid wastes
produced per day in Shanghai, the largest city in China,
and over 25 million tons of aged refuse in total at Shanghai
Refuse Landfill. The quantity of aged refuse may account
for 100 million tons in the urban areas in Chinese cities.
The excavation and recycling of aged refuse has received
much more attention in recent years, as the dumping
sites have been urbanized and the aged refuse placed
there should be removed and the land remediated (Zhao
and Shao, 2004). Recently, researches have focused on
utilizing the characteristics of huge surface proportion and
abundance of microbes in aged refuse to design bio-filters
for treating landfill leachate and various wastewaters (Chai
et al., 2007). Furthermore, aged refuse could behave better
when sufficient nutrients are provided and the moisture
levels optimized.

The means for the abatement of anthropogenic methane
emissions is also quite significant other than methane
oxidation material. Biocover and biofilter as important
zones for methanotrophic bacteria developing, are the most
common forms applied at landfills in the initial phase of
operation, old landfills or sites containing material of low
gas generation rate (Hilger et al, 2000; Nikiema et al.,
2005; Stern et al., 2007). Comparing with gas extracting,
landfill cover is much cheaper and more effective for
reducing emissions in smaller and older landfills with
lower amounts of CH4 generation, which becomes inef-
ficient at low CH4 contents. The application of biofilter
was proved increasingly popular in Europe when the EC
landfill directive (1999/31) becomes effective in 2005,
which stipulates that only material of low biological ac-
tivity may be deposited. Streese and Stegmann (2003) and

Humer and Lechner (2001) used compost as oxidation
material and reported about the formation of extrapoly-
meric substances (EPS) in biofilters and landfill covers.
These block pore space and hamper substrate supply to the
microorganisms, thus impairing optimum methanotrophic
activity. However, comparing landfill covers and biofilters,
landfill covers in general receive by far less methane than
biofilters and are also usually not optimized for the purpose
of methane oxidation with regard to parameters such as gas
distribution, gas permeable pore space (i.e., mass transfer,
methane and oxygen supply), or water content (Gebert and
Gröngröft, 2006).

In fact, landfill cover as an important exit for methane
escaped to outside has been studied, but another main exit
– ventilation pipe seems no way to control, and little work
has been done. The exhaust pipe is the passage for over
60% of methane (Themelis and Ulloa, 2007). As a new po-
tential style of biological methane oxidation, in this study,
bio-column filled with aged refuse was placed around the
exhaust pipeline in landfill to evaluate the properties of
aged refuse in such high methane concentration zone to
optimize the environment for methanotrophic bacteria and
mitigate greenhouse gas emission. The relationship be-
tween thickness of the bio-column and methane oxidation,
the carbon dioxide production was examined. Meanwhile,
the kinetics of methane oxidation process was deduced to
analyze the methanotrophs at different bio-column thick-
ness and supply a foundation with engineering application
in practice in the future.

1 Materials and lysimeter set-up

1.1 Origin and characteristics of aged refuse

The aged refuse used in the study was excavated from
different landfill units in Shanghai Laogang Refuse Land-
fill, China, with over 8 yeas of placement. The larger
inorganic substances, such as stones, glass, bottles, etc.,
were manually separated and removed. The air-dried aged
refuse was screened by a conventional mechanical screener
and a granule size of less than 2 mm was employed in this
work. For further basic characteristics analysis, the aged
refuse was broken into small pieces by a hammer. At least
5 kg aged refuse was sampled and its characteristics in
different landfill time such as moisture, organic content,
oxidation-reduction potential (ORP), and distribution of
particles in various sizes were measured in triplicate (Table
1).

In order to stimulate the methane oxidation bacteria
in aged refuse, methanotrophs were inoculated in nitrate
mineral salts (NMS) agar slant with 20% CH4 (V/V) in
the headspace and incubated at 25°C in the dark for three
days before the aged refuse is taken to use. The NMS was
prepared as follows: 1 L NMS contains NaNO3 0.85 g,
KH2PO4 0.53 g, Na2HPO4 2.17 g, MgSO4·7H2O 0.037
g, K2SO4 0.17 g, CaCl2·2H2O 0.007 g, 1 mol/L H2SO4
0.5 mL, FeSO4·7H2O 11.2 mg, CuSO4·5H2O 2.5 mg,
and trace element solution 2 mL. pH value was adjusted
to 7.0. One liter of trace element solution contains (g)
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Table 1 Main characteristics of aged refuse used in the experiment

Property Value

Placement time (yr) 16
Moisture (%) 3.2
pH 7.76
Eh (mV) 143
TN (%) 0.18
Organic content (%) 4.37
Distribution fraction of particle size (%)
> 4 mm 45.23
0.45-4 mm 31.41
0.3–0.45 mm 5.03
0.2 –0.3 mm 5.03
0.15–0.2 mm 5.03
0.125–0.15 mm 0.75
< 0.125 mm 7.52

ZnSO4·7H2O 0.204, MnSO4·4H2O 0.223, H3BO3 0.062,
Na2MoO4·2H2O 0.048, CoCl2·6H2O 0.048, and KI 0.083.

1.2 Experimental scenarios

1.2.1 Experimental set-up
The column test was performed in three 38 L PVC

columns, 35 cm in diameter and 40 cm in height (Fig.
1). A ventilation pipeline with 5 cm in diameter and 45
cm in length was put in the center of each column. Aged
refuse with 16 years of placement time added with NMS
nutrient was installed around the ventilation pipelines in
columns with thickness of 5, 10, and 15 cm, respectively,
and plastic nets were installed to hold the aged refuse. The
moisture of the aged refuse was standardized in relation
to their water-holding capacities by humidifier to maintain
the same water content in aged refuse.

The columns were placed in a temperature-controlled
(37°C) chamber. Chemical synthetic gas (50% CH4/50%
CO2) was mixed with air before crossing the humidifier
and then was fed to the columns from the lower ektexine.
The gas flow rates were adjusted by rotameters. The
injected bottle mixing gas and air were 0.3 L/min (methane
in each column is 50 mL/min) and 0.75 L/min (oxygen in
each column is 50 mL/min), respectively, corresponding
to an aeration ratio of 1 mol O2 in 1 mol CH4 for the
incomplete oxidation of CH4 simulating the total oxygen

distribution around the ventilation pipe. Outlet gas was
analyzed once 4 days through a silica tube, and the tube
end was kept 1 cm under the surface of the water in a
cylinder.

1.2.2 Analytical methods
Biogas compositions were analyzed by a gas chromato-

graph (GC, Shimadzu GC-14B, Japan) equipped with a
gas thermal conductivity detector (TCD) and a stainless
steel column with nitrogen as a carrier gas at a flow
rate of 30 mL/min. The temperatures of injector, detector,
and column were kept at 40, 80, and 40°C, respectively.
Measurements of total solid, pH, ORP were performed
according to the standard methods (APHA, 1995).

The number of methanotrophic bacteria was determined
by the rolling tube method in five replicates (Min and
Zinder, 1990) with NMS medium.

2 Results and discussion

2.1 Methane oxidation by aged refuse as bio-column
with different thicknesses

The three bio-columns, used in this experiment, were
operated over a period of more than one month, under the
same moisture content 15% and temperature 37°C. The
production of carbon dioxide relative to the quantity of
eliminated methane, which depends on the concentration
changes between the bio-column inlet and outlet, is the
key indicator of the effectiveness of the treatment process.
Bio-column thickness, the most important parameter of the
bio-column design, took effect on methane oxidation with
time in Fig. 2, and the rate of production of CO2 (PCO2 ) as
a function of the elimination of CH4 (ECH4 ) was expressed
in concentration fraction change (%) (Fig. 3). Where, PCO2

and ECH4 can be represent as follows:

PCO2 = (CCO2,out −CCO2,in)/CCO2,out (1)
ECH4 = (CCH4,in −CCH4,out)/CCH4,in (2)

From Fig. 2, methane conversion for the middle and
large size bio-columns both increased slowly during the
measuring time, while the small size fell to a significant

Fig. 1 Column set-up in the experiment.
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Fig. 2 Methane conversion with time for three sizes of bio-columns.
Error bars represent 5% error of the mean of measuring day.

degree at day 9, and then fell to an even lower level (17%),
followed by a gentle increase. Although a great rebound
was observed in the last four days, the conversion of small
size was still much lower than the other two sizes, and it
seemed that the middle size was more stable and efficient
on methane conversion than the large size. For the middle
cell, methane conversion rate waved at 90%, and reached
its highest value of 95% after one month, while a gradual
rising appeared for the large cell, and finally reached 90%.
Therefore, the middle size was considered as optimum
thickness for bio-column to control methane.

The present aged refuse with proper thickness appeared
to have a sufficient level of biological stabilization for
being used in methane oxidation applications, as indicated
by gas production proportion (and also by the dominance
of methane oxidation over the microbial activity of the
columns as discussed later). In Fig. 3, for a theoretical
bio-column composed only of methanotrophs, the curve in
Fig. 2 describing the relationship of CO2 productions and
CH4 eliminations should pass through the origin, meaning
that a lack of methane consumption causes the carbon
dioxide production to cease. However, all the PCO2 in Fig.
3 did not follow a direct proportionality, yet produced less
CO2 (with PCO2 -to-ECH4 ratio being 0.3786 for small size,
0.5031 for middle size and 0.4731 for large size) than

the stoichiometric ratio of 1. What is more, the relative
positions of each liner regression for the three sizes to
the theoretical curves were above, crossing, and below, re-
spectively, indicating different biomass production in aged
refuse. The middle size produced more CO2 compared
with the small and large sizes, thus sustained lower level of
aged refuse layer clogging due to reduced rate of biomass
production within it, which favored oxygen to access and
transfer faster and farther. This is mainly because that the
production rate of carbon dioxide is proportional to the
growth rate of methanotrophic bacteria in the aged refuse.
The biological degradation reaction of methane is given by
Reaction (3).

CH4 + wO2 → xCO2 + yH2O + z (Bacterial biomass) (3)

The greater the mass of CO2 produced per gram of
methane eliminated, the lesser is the proliferation of mi-
croorganisms within the aged refuse, which influences
the rate of aged refuse clogging and gas accessing. In
the case of total methane oxidation, supposing that no
biomass is generated (theoretical reaction, w = 2, x =1,
y = 2 and z = 0), the mol-basis stoichiometric ratio for
the maximum CO2 production PCO2 /ECH4 is 1, expressed
by the theoretical straight line in Fig. 3. The present gas
ratios in the study were a little higher than those reported
by Kettunen et al. (2006) in engineering soil columns and
by Einola et al. (2008) in biocover utilized end-product
of mechanical-biological waste treatment, indicating that
aged refuse in bio-column is equally or better suited to
support microbial methane oxidation than the materials
studied previously.

The thickness profiles of methane oxidation in the bio-
columns were governed by O2 availability, as there was an
inward decrease in CH4 oxidation potential following the
falling of O2 concentration in cross section. In bio-column,
like landfill cover, there is an optimum zone for CH4
oxidation, where optimum conditions for the growth of
methanotrophic bacteria, oxygen and CH4 ratio, retaining
time and suitable environmental condition exists. CH4
oxidation potentials were the greatest where the vertical
and horizontal profiles of O2 and CH4 overlapped. Bender
and Conrad (1994), Czepiel et al. (1996) and Stein and
Hettiaratchi (2001) have shown that, by increasing O2
concentration from 3% to 20% (V/V) in the gas mixture,
the CH4 conversion rate varied slightly (less than 10%),

Fig. 3 Production of CO2 as a function of elimination capacity for CH4. The solid lines represent the relationships of CO2 and CH4 conversion rate,
and the dashed lines are theoretical lines which are same with one slope in three figures.
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whereas, a decrease of O2 concentrations from 3% to 1%
caused the fall off of CH4 oxidation of more than 50%.
However, during the experiments of Stein and Hettiaratchi
(2001), the maximal CH4 elimination was obtained at O2
concentration between 0.75 and 1.6%.

Besides the oxygen distribution, thickness of aged
refuse is related to the retention time in media determined
by adsorption ability, and the microorganism function
determined by the aged refuse components, for aged refuse
is a kind of porous media with high adsorption of gas.
It is known that the normal impacting radius of pipeline
in landfills is considered 25 m, and gas is diffused and
gathered in the range, finally enters the pipeline or escaped
outside from the landfill cover. Therefore, proper thickness
of the bio-column resulted in increased retention times
for transported CH4 and higher fraction oxidation. In fact,
the significant deviation of three curves from the theoret-
ical line is typically observed in the microbial oxidation
processes; it described the partial conversion of CH4 into
biomass. Additionally, it is possible for a small fraction
of the produced CO2 to accumulate in the wet biofilm as
HCO3

−, H2CO3 or CO3
2− ionic species (Delhoménie et al.,

2002; Jorio et al., 1998).
Since the scales of landfills are different, one to three

times of the pipeline diameters were chosen to repre-
sent different proportions of the bio-column and pipeline,
which also can be scaled up in practice. Furthermore,
similar to the landfill cover, in order to reduce the influence
of temperature, and the problems related to O2 diffusion,
the use of multi-layer (Streese and Stegmann, 2003; Berger
et al., 2005) in bio-column is believed to be developed in
the future.

2.2 Characteristics and kinetics of the methane oxida-
tion process

According to the normal concentration in the exhaust
gas, the concentration of methane in the influent was
changed across the range of 3.0%–40.0% (V/V). Changes
in the concentrations of gases (CH4, CO2 and O2) in
the exit were analyzed over several days. The kinetics of
the methane oxidation process in aged refuse point to a
reaction proceeding in line with the kinetics described by

the Michaelis-Menten equation (Eq. (4)):

V = Vmax × 1/(1 + Km/C) (4)

where, V (m3/(m3·sec)) is the actual methane oxidation
rate, Vmax (m3/(m3·sec)) is the maximum methane oxida-
tion rate, KM (%) is Michaelis constant for CH4, C (%)
is the CH4 concentration. The kinetic parameters to the
reaction (Vmax and KM) as regards CH4 were designated
using the linearization method after Lineweaver-Burke
(Kloczewiak, 1984).

The values obtained for Vmax in the experiment de-
scribed here were in the range 6.4 × 10−3 to 15.6 ×
10−3 units (Fig. 4a). These were similar to the potential
methanotrophic activity measured by Gebert et al. (2003)
in crushed expanded clay in biofilter, being equal to 11.8
× 10−3, while lower than that in soil from landfill cover,
being equal to 40.7 × 10−3 (Table 2).

Values of KM for CH4 measured in field conditions or in
conditions of the simulation of a landfill cover or biofilter
and included in the literature are shown to vary between
0.8 × 103% (De Visscher et al., 2001) and 2.6% (Bogner
et al., 1997). The KM values noted in this study did not
depart from the results gained by other authors (Table
2), being in the range 0.85% to 1.67%. The relatively
high values for KM in comparison with some obtainable
in soils from the places exposed to lower concentrations
of CH4 in Table 2 pointed to the limited affinity for CH4
of the microorganisms responsible for the methanotrophic
process in aged refuse. This affinity was several orders of
magnitude greater in the case of forest soils, in which the
constant KM varied from 0.8 × 10−3 (Benstead and King,
1997) to 9.9 × 10−3% of methane (Whalen and Reeburgh,
1996).

Figure 4b shows the differentiation of methanotrophs in
the profile for the column in relation to affinity for CH4.
Lower affinity was demonstrated by the populations of
bacteria in the center part of the column. In the further
parts of the profile (at the thickness of 35 cm), the affinity
for CH4 was higher, while the value for KM was even twice
as high as in the inner layer.

From Fig. 4, Vmax and KM did not increase as the
thickness of aged refuse increased, whereas they changed
at such a zone as the aged refuse is saturated. Before

Table 2 Characteristics of kinetic parameters for methane oxidation in different habitats (Malgorzata and Witold, 2006)

Material CH4 concentration range (V/V) Vmax (m3/(m3·sec)) KM for CH4 (V/V) Reference

Composite of soil from landfill cover 0.00017–1.0 0.88–0.0011a 0.18 Whalen et al., 1990
Coarse sand soil from landfill cover 0.050-5.0 6.5–0.0073 2.4 Kightley et al., 1995
Clay topsoil from landfill 0.016–8.0 0.0047 2.6 Bogner et al., 1997
Soil with agricultural origin 0.0050–3.0 1.5–0.17 0.15–0.50 De Visscher et al., 1999
Sandy loamy cover soil from landfill < 2.0 0.52–0.011 0.080–0.50 De Visscher et al., 2001
Loam from landfill cover < 10 0.0062 0.75 Stein and Hettiaratchi, 2001
Crushed expanded clay in biofilter 0.20–10 0.011 1.1 Gebert et al., 2003
Soil from landfill cover 0.0–23 0.041 2.0
Forest camb soil 0.000002–0.030 0.000022a 0.0022 Bender and Conrad, 1992
The Alaskan soil 0.00017–0.12 Whalen and Reeburgh, 1996
Bog 0.0015 0.084
Forest 4.9–0.000057 2.9–0.0099
Forest soil 0.00017–0.10 0.0000062 0.00080 Benstead and King, 1997
a Per kg of wet weight.
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Fig. 4 Profile for potential activity of methane oxidation Vmax (a) and half-saturated constant KM (b) in simulated bio-column. Values for Vmax and
CH4 (KM) were obtained by the graphical method of Line weaver-Burke.

and after saturating, methanotrophs are not the same in
the aged refuse. In the zone close to the exhaust pipe,
methanotrophs characterized by their high potential ac-
tivity (Vmax) and low affinity (KM) in relation to high
methane concentrations are dominant, while microorgan-
ism exposed to the low or normal atmospheric levels of
CH4 seemed to distribute in the edge of the column,
where methane concentration was declined by adsorption
instead of oxidation. That is to say, the middle-size column
seemed to have both active methanotrophic bacteria and
good affinity, which methane is mitigated by adsorption
and oxidation efficiently.

The existence of a zone of maximal methanotrophic
activity is dependent on many factors, of which the most
important is the granulometric composition of aged refuse,
as this determines the diffusion of gases and the surface
area available to microorganisms, as well as temperature,
moisture, the concentration of CH4 in biogas and the rate at
which it moves through the layer of aged refuse. Possibly
the explanations all serve to describe different efficiencies
in different thicknesses of bio-column in landfill.

2.3 Characteristics of methanotrophs in the aged refuse

After purging with landfill gas for more than one month,
the average numbers of methanotrophic cells in 5-, 10-
and 15-thickness layers were 0.92 × 109, 5.48 × 109 and
8.62 × 108, respectively, which are a little lower than
the numbers of PLFA-derived methanotrophic cells found
in field landfill biofilters in northern Germany (Gebert et
al., 2004), but more than the population in the landfill
cover soil sampled at four different depth of the columns
reported by Park et al. (2008). In the landfill cover soil,
the number of methanotrophs was in the range of 2.0×107–
4.0×107 CFU/g, and changed to 4.6×107–10.0×107 CFU/g
and 1.1×107–2.7×107 CFU/g, respectively, if the cover soil
was amended with earthworm cast and PAC.

The largest bacteria population appeared in the 10 cm-
thickness zone, in agreement with the results above. Taking
the aged refuse in middle-size column cell to identify
the type of the methanotrophs, it was found that the
average number of type I methanotrophs in the analyzed
layers was more than triple higher than that of type II
methanotrophs. This indicated the dominance of type I
methanotrophs in the bio-column purged with landfill gas.
Furthermore, comparing the population of methanotrophs
in the original aged refuse obtained in previous work (12.5
× 107 CFU/g), it appears evident that it is possible to enrich
high methanotrophic populations in methane oxidizing
processes as the populations of methanotrophs found in
landfill gas-exposed environments are of one to two orders
of magnitude higher than that in initial phase.

In fact, methanotrophs activity period could be divided
into two phases: the lag phase and the growth phase. The
lag phase follows the construction of the experimental
plot when the methane oxidation bacteria are essentially
identical. After about one month under laboratory con-
ditions (the temperature is not optimal condition), the
steady state conditions needed for growing methanotrophs
in bio-column are established. During the second phase,
the number of abundant methane bacteria increases with
time, particularly in the region close to oxygen, until reach
maximum value. Our analyses of the bacterial population
in the study suggests that the difference in the number and
activity of methanotrophic bacteria in LFG-applied bio-
column may be explained by the fact that CH4 in the LFG
plays a key role in inducing the growth of methanotrophs
in aged refuse. Further, elevation for active methanotrophic
populations may be equal to strengthening tolerance for
high LFG levels.

Since the bio-column is a potential mean to mitigate
methane discharged from the exhaust pipe, there is one
point to be mentioned. In landfills, the refuse distributed
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around the gas pipeline could be stable naturally after 8–
10 years to become aged refuse; hence, the partition of
refuse is able to oxidize the methane in situ landfill. And
it is assumable to believe the capacity of the aged refuse
conversed by the original refuse naturally is greater with
the placement time. Thereby, the practical methane emis-
sion is less than the theoretical value, except the difference
due to biological oxidation by covers in landfills.

3 Conclusions

The proposed bio-columns filled with aged refuse was
constructed and placed around the exhaust pipeline to
oxidize the methane discharged from exhaust pipelines in
landfills. From the results presented, twice of pipeline di-
ameter was the optional thickness for the bio-column, and
methane conversion reached 95% during 37 days. Methan-
otrophs diffusion in different layers of aged refuse in the
bio-column was described using the Michaelis-Menten
equation, and it was found that maximum methanotrophic
activity (Vmax) of the three sizes ranged from 6.4 × 10−3

to 15.6 × 10−3 units, and the half-saturation value (KM)
ranged from 0.85% to 1.67%. The middle-size of bio-
column cell showed the highest Vmax and KM, and the
largest bacteria population is 5.48 × 109.
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