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Abstract
Land�ll is an important anthropogenic source of greenhouse gases (GHG). Aiming at methane mitigation
through the use of a cover layer in the form of fugitive emissions, this study investigated the methane
passive bioxidation in a Brazilian land�ll in bio�lters under two conditions: control column (packing
material using a 60 cm land�ll cover soil with ≅0.8% organic matter) and enriched column (packing
material using 45 cm land�ll cover soil and 15 cm mixture of cover soil plus compost with ≅6% organic
matter). The biogas was collected from a vertical drain pipe of a four-year-old cell and injected into the base
of the columns with a high inlet loading (1000 g CH4 .m - ².d - ¹ at standard temperature and pressure
conditions) in the upward �ow mode. Ten campaigns were carried out for six months in order to determine
the e�ciency of the methane oxidation in each column. Parameters related to the biogas oxidation were
also determined, such as soil temperature and moisture content and nutrients content in both �lter beds.
The oxidation global e�ciencies were higher in the enriched column throughout all campaigns, with »71
and »95% for the control and enriched columns, respectively. Our study demonstrated that the use of
substrates with high organic matter content and low cost (such as the compost) in land�ll cover layers
might present high e�cacy in the reduction of methane fugitive emissions. Land�ll is an important
anthropogenic source of greenhouse gases (GHG). Aiming at methane mitigation through the use of a cover
layer in the form of fugitive emissions, this study investigated the methane passive bio-oxidation in a
Brazilian land�ll in bio�lters under two conditions: control column (packing material using only land�ll
cover soil with ≅0.8% organic matter) and enriched column (packing material using 45 cm land�ll cover soil
and 15 cm mixture of cover soil plus compost with ≅6% organic matter). Biogas was collected from a
vertical drain pipe of a four-year-old cell and injected into the base of the columns with a high inlet loading
(1000 gCH4.m-².d-¹) in upward �ow mode. Ten campaigns were carried out for six months in order to
determine the e�ciency of the methane oxidation in each column. Soil temperature, moisture and nutrients
content in both �lter beds were also determined. The oxidation global e�ciencies were higher in the
enriched column throughout all campaigns, with »71 and »95% for the control and enriched columns,
respectively, demonstrating that this technology can be applied even in  land�lls where there is no energy
recovery from  biogas  (as in most land�lls in developing countries). Our study demonstrated that the use of
substrates with high organic matter content and low cost in land�ll cover layers might present high e�cacy
in the reduction of methane fugitive emissions. Even operating in �eld-scale conditions, the results of this
study were comparable to those obtained with bio�lters on lab-scale (under controlled operational
conditions).

Introduction
In Brazil, as well as in other developing countries, land�lls are still the main destination of municipal solid
wastes (MSW). Despite being considered a proper destination from the technical and environmental
standpoint, the anaerobic degradation of waste disposed in land�lls promotes the formation of liquid
(leachate) and gaseous (biogas) byproducts. Biogas is mainly composed of methane and carbon dioxide;
although they are both greenhouse effect precursors, methane presents a global warming potential (GWP)
21 times higher than that of the carbon dioxide (Forster et al. 2007). The biogas generated in land�lls is
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commonly drained through vertical drain pipes, can be burnt (�aring system) or collected for energy
recovery. Even so, in practice, a representative amount of biogas is released through the land�ll cover in the
form of fugitive emissions (Cabral et al. 2010; Huber-Humer et al. 2008; Staub et al. 2011), which turns the
land�ll into one of the main anthropogenic sources of greenhouse gases (Mønster et al. 2019; Rose et al.
2012).

Bio-based systems have been used successfully in the reduction of fugitive emissions. The biogas
biological oxidation in the land�ll cover is a way of mitigating fugitive emissions recognized by the
Intergovernmental Panel on Climate Change (IPCC) (Bogner et al. 2007) and it is applicable to both land�lls
that have some energy recovery technology and smaller or older land�lls, where the methane production is
too low, which makes its recovery unfeasible (Huber-Humer et al. 2009). In this case, methanotrophic
bacteria use methane as carbon and energy sources, transforming it into carbon dioxide, water and
biomass (Tanthachoon et al. 2007; Widory et al. 2012). The e�ciency of the oxidation process also
depends on the choice of suitable substrates, and involves parameters such as porosity, which favors gas
exchange and the methane retention time in the substrate, and water retention capacity, since the moisture
content promotes the transportation of nutrients to the methanotrophic microorganisms as well as the
removal of residues from their metabolic activity (Gebert et al. 2011a; Huber-Humer et al. 2008; Scheutz et
al. 2009). Organic matter-rich substrates such as composts (resulting from the decomposition of organic
waste), enable the optimization of the oxidation process (Abichou et al. 2009), since in addition to
promoting water retention and greater aeration of the medium, they favor microbial growth, pH
neutralization, temperature maintenance, reduction in gas permeability and increase in gas retention time in
the land�ll cover layer (Huber-Humer et al. 2009; Scheutz et al. 2009).

Several authors have reported the use of compost as alternative substrate aggregated to the soil in the
land�ll cover as a way of improving methane oxidation. Rose et al. (2012) demonstrated that the use of
MSW compost on the land�ll cover resulted in increase in the methane oxidation rate with e�ciency
between 93-97%, when compared to the 67% e�ciency when land�ll soil was used. Lee et al. (2018)
employed the pilot-scale biocover with land�ll cover soil, perlite, earthworm cast, and MSW compost, at a
6:2:1:1 ratio, respectively, and obtained a 35-43% methane removal e�ciency during the winter; while in the
summer, this e�ciency increased to 86-96%. Franqueto et al. (2019) evaluated two experimental passive
methane oxidation biosystems (PMOB’s): an enriched subarea (using compost to obtain an organic matter
content equal to 4.5% at the top of the cover layer) and a control subarea (using original land�ll cover soil,
with an organic matter content equal to 0.4%). They observed a higher methane oxidation e�ciency in the
enriched surface subarea (80%) when compared to the control (42%). Maanoja and Rintala (2018)
compared the use of inorganic fertilization, decompaction and amelioration of the soil with compost in the
cover layer to evaluate the methane mitigation capacity; among the methods under evaluation, compost
showed to be the most e�cient.

Apart from parameters such as nutrient content, porosity, pH, moisture content and temperature of the
medium, the literature also shows the use of higher inlet loadings in biocovers might make the methane
oxidation more e�cient. Cabral et al. (2010) used a biocover with a substrate layer (mixture of mature
compost and sand, at a 5:1 ratio, respectively, and 20% organic matter content) in a 5-year-old cell in a



Page 4/19

Canadian land�ll using biogas from one of the vertical drain pipes. During the study period, the methane
loading ranged from 9.3 to 820 gCH4.m-².d-¹. Their results showed an increase in the methane removal rate
with the increasing loading, with approximately 100% e�ciency using the maximum load. Mei et al. (2015)
used two cells in a land�ll in California to simulate biocovers with green wastes (coming from tree pruning
and hoeing), both aged (biocover 1) and fresh (biocover 2), with an average organic matter content of 38
and 61%, respectively. The land�ll biogas was injected in each cell under an initially lower methane load
(110-280 gCH4.m-².d-¹) and, later on, a higher load was applied (340-660 gCH4.m-².d-¹). With the load
increase, the methane oxidation rate raised, around 17.5% and 57.7% in biocovers 1 and 2, respectively.

In such scenario, this study aimed to compare two experimental passive methane oxidation biocovers
(PMOB’s), under normal and improved conditions, using compost as aggregate to the land�ll original soil, in
�eld columns test (bio�lters)  applying high biogas loading. Field studies provide a better diagnosis of the
methanotrophic population to the variations in working conditions (moisture, temperature, changes in
biogas �ow rate, methane concentration alterations, abiotic variations, etc.) (La et al. 2018) when compared
to laboratory studies (therefore, under controlled conditions). It seems relevant to highlight that great part of
the �eld studies employing biosystems to methane reduction in cover layers are performed in temperate
climate countries and, therefore, in ambient conditions completely different than those observed in warm
climate countries like Brazil. In addition, the implementation of  biotic-systems in land�lls without any type
of biogas collection becomes a great challenge, since fugitive emissions by the cover layer tend to become
even greater when compared to land�lls that have some biogas collection system (Franqueto et al. 2019).

Materials And Methods
Characterization of the study area and preparation of �eld-columns

The study was developed at the Municipal Land�ll of Guarapuava, in the South of Brazil. A characterization
of the waste composition carried out in 2013 resulted in 40% organic matter, 38% recyclable material and
22% non-recyclable material (Guarapuava 2017). The experiment consisted of two columns made of
stainless steel, measuring 60 cm diameter and 100 cm height, which were coated with a ≅20 cm soil layer
used as the system thermal isolation. In order to evaluate the performance of the two biocovers as �ltering
media, the control column (C) was �lled up with a 60 cm layer of the land�ll original soil (sandy clayey silt,
with low organic matter content, ≅0.8%); while the enriched column (E) was �lled up with a (bottom) layer
of 45 cm of the land�ll original soil and 15 cm of a mixture containing cover soil (10%) plus compost (90%)
(≅6% �nal organic matter) on the top layer. The cover layer adopted in this study followed the standards set
forth in the Brazilian standard NBR 13.896/1997 (ABNT 1997) and regulations by the environmental agency
of the state of Minas Gerais (FEAM 2006). Both layers were deposited on a stainless-steel mesh, so that the
biogas distribution through the �lter beds could be improved. Biogas was passively captured from a vertical
drain pipe (a 4-year-old cell) and injected into the base of the columns with an average �ow rate of 500
mL.min-1 (measured with a bubble �owmeter) in upward �ow mode, which corresponded to a 1000 g.m-².d-¹
methane inlet loading, at standard temperature and pressure (STP) conditions. The �ow rate was
periodically measured and adjusted whenever necessary. Figure 1 shows the experiment.
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After preparing the two columns, a period of microbial acclimatation of around 30 days was adopted (under
a 1000 g.m-².d-¹ loading) prior to the start of the biogas sampling.

Characterization of packing materials and monitoring of columns

Compost was obtained from a composting plant (Lapa, São Paulo, Brazil) that uses the open market waste
(fruit and vegetables) by employing the natural aerated static piles method. The mixture cover soil+compost
presented a high �nal granulometry (Figure 2a), higher than that presented by the land�ll original soil
(Figure 2b); the compost granulometry was preserved so that the original characteristics of that waste were
kept in case it was disposed in the land�ll.

Before the experiment start-up, the following parameters of the substrates (enriched and original cover soil)
were determined: pH, organic matter content, total carbon, total nitrogen (in the uppermost 0.15 m of each
experimental layer) and porosity. At the end of the experiment, the micronutrients content (zinc, copper,
manganese and iron) of the substrates in both columns was also determined (Table 1). 

Table 1  Physicochemical parameters of the substrates analyzed in both columns. 
Parameter Methodology reference

pH Quaggio and Raij (2001)
Organic matter content Cantarella et al. (2001)
Micronutrient content Abreu et al. (2001)

Total nitrogen Cantarella and Trivelin (2001)
Porosity  Donagema et al. (2011)

Total carbon Walkley and Black (1934)

 
In each campaign, the moisture content of the substrates in both columns was determined (sensors
Decagon ECH2O CE-5, installed 15 cm high in each cover layer), as well as temperatures of �lter beds,
headspace of the columns (Figure 1) and average of ambient temperatures (on the day of the campaign)
and punctual (measured only during the sampling time). It seems relevant to highlight that the control and
enriched columns were kept in a covered place throughout the whole experiment to prevent the in�uence of
rain; every fortnight, on average, the �ltering media were humidi�ed manually by the top of the bio�lters, so
that the minimum levels of moisture needed for the microbiological activity and to prevent the formation of
cracks or �ssures (preferential �ow paths for biogas release) were kept.

Ten campaigns were carried out from September 2019 to March 2020. The raw biogas was collected from
the base of the columns. The determination of the vertical concentration pro�les of biogas at different
depths of the control and enriched beds was carried out through the sampling ports (stainless-steel tubes
with rubber septa) distributed at each 15 cm along the two �lter beds (C and E) (Figure 1). Gas sampling
was carried out to determine the global e�ciency of both biotreatment systems after closing the upper part
of the columns (columns headspace); the samples were only collected after the atmospheric air purge in the
headspace and the achievement of the steady state. Samples were collected in 60 mL syringes and injected
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into the Columbus automatic analyzer (Columbus Instruments, EUA) in order to determine methane (CH4)
and carbon dioxide (CO2) concentrations.  

Determination of the methane oxidation e�ciency in the columns

To estimate the methane oxidation e�ciency, the method proposed by Gebert et al. (2011b) was used,
which assumes, among other considerations, that:

- 1 mol CH4 oxides at 1 mol CO2;

- carbon dioxide is produced only by methane oxidation; this is assumed for systems that operate with high
methane loading and oxidation rates;

- the size of the methanotrophic community is stable;

- the carbon dioxide gas and liquid phases remain in equilibrium;

- the method does not depend on the nature of the �ux (diffusive or advective);

- the system operates at steady state. Taking into consideration that the share of oxidized methane can be
estimated (Equation 1) and, later on, the methane oxidation e�ciency (Efox) at different points (depths) of
the bio�lters can be evaluated (Equation 2) (Gebert et al. 2011b).

Statistical analysis
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To test the hypotheses that temperature and soil moisture in�uence the methane oxidation process and that
the enriched column presents greater oxidation e�ciency, data were evaluated in a multivariate way using
the cluster analysis, more speci�cally hierarchical clustering, from the Euclidean distance and single
linkage. Later on, to con�rm the groupings found in the cluster, the average of variables “methane oxidation
(global) e�ciency”, “moisture content” and “temperature” of �lter beds for the levels “control” and
“enriched”, were contrasted using the t-test and Pearson correlations. The signi�cance level for all analyses
was 5%. To verify the assumption of normality, the Anderson Darling test was employed and to check
homogeneity of variances the Fligner-Killeen test was used. The result is expressed by the p-value (p<0.05
indicates statistical difference). The analyses were assisted by the software RStudio, version 4.0.2, packets
MASS, cluster and ggplot2 (RStudio 2020).

Results And Discussion
Characterization of the �lter beds

The analysis of the physicochemical parameters of the substrates in the columns (C and E) determined at
the beginning of the experiment is presented in Table 2.

             Table 2  Physicochemical parameters of substrates in columns “control” and “ enriched”.
 

  Column
  Control Enriched

Parameter Initial Final Initial Final
pH 4.9 4.5 7.0 6.2
Micronutrients -  Zn/Cu/Mn/Fe (mg.dm-3)  0.7/1.3/1.1/4.0 10/3.8/43.3/73.3
Carbon (%) 1.34 3.50
Nitrogen (%) 0.08 0.46
Organic matter content (%) 0.8 6.0
Porosity (%) 80 95

 
Table 2 shows that at the beginning of the experiment the enriched column presented more favorable
conditions for the development of microorganisms such as methanotrophic bacteria. In the enriched
column, pH values were kept close to neutrality along the whole monitoring period, which tends to favor the
methanotrophic communities’ performance (Humer and Lechner 1999; Tortora et al. 2012). However, the
optimal range of pH values can vary greatly, depending on factors such as soil type (substrate), biocover
depth, and even environmental conditions (Ait-Benichou et al. 2009; Devinny et al. 1999; Huber-Humer et al.
2009; Scheutz et al. 2009), which might explain small variations in the pH values observed throughout the
6-month monitoring period.

A proper concentration of nutrients (such as nitrogen) in the �lter bed is highly relevant for the cell
metabolism and the metabolic kinetics of  methanotrophic bacteria (Albanna and Fernandes 2009). High
nutrient and organic matter contents in the medium are still associated to high methane oxidation rates
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(Abushammala et al. 2014). Regarding nitrogen content, a percentage close to 0.4 is recommended at the
start of the process (Devinny et al. 1999), which only occurred in the enriched bed. The literature
recommends working with a lower C/N ratio so that high methane oxidation rates are obtained (Sadasivam
and Reddy 2014). Once again, the C/N ratio in the enriched bed was more favorable (7.6) when compared to
the control bed (16.8). The substrate organic matter content was higher in the enriched column, which
helped water absorption and increased the methane retention time in the �lter bed, thus enabling greater
dissolved methane availability for the bacteria (Huber-Humer et al. 2008; Humer and Lechner 1999).

The compost addition improved porosity in the upper part of the enriched column,  which improved the
permeability of the biogas and atmospheric oxygen in the �lter bed (Maanoja and Rintala 2018; Scheutz et
al. 2009). In addition to the high granulometry of the compost added to the enriched bed (Figure 2), it seems
relevant to emphasize that substrates with higher organic matter content  are also related to increased
porosity in the �lter bed (Ait-Benichou et al. 2009). Regarding micronutrients, all the compounds analyzed
(Zn, Cu, Mn and Fe) presented much higher concentrations in the enriched column. In fact, the compost
addition enriches the �lter bed with metal ions, so that the microorganisms are unable to synthesize and
use them as cofactor to activate some enzymes for the microbiological development (Tortora et al. 2012).
The compost addition is related to the supply of micronutrients and the maintenance of the soil neutrality
(Saveyn and Eder 2014).

Raw biogas characterization

Figure 3 presents the mean values (%) of methane and carbon dioxide concentrations in the raw biogas
throughout the 10 campaigns for the two columns (C and E).

The average raw biogas composition was 37.7% (±5.5) methane and 26.9% (±1.7) carbon dioxide. Similar
results were obtained by Franqueto et al. (2019) in a 4-year-old cell in the same land�ll (Guarapuava, Brazil).
Figure 3 shows signi�cant variations in the raw biogas composition during the monitoring period. Indeed,
the biogas composition might vary greatly, both temporally and spatially, due to the variations in
atmospheric and physicochemical conditions (moisture content, temperature, pH, nutrients, pressure, waste
composition, etc.) of the waste mass (Farquhar and Rovers 1973; McBean and Farquhar 1980; Rasi et al.
2011). These variations in�uence directly the microbial activity responsible for the organic matter
degradation. In addition, it seems relevant to highlight that the land�ll cell used in that study (with 4 years
old) was in the anaerobic methanogenic unsteady phase at the time of the monitoring; Augenstein and
Pacey (1991) estimated this phase starts between 3 and 5 years after the waste is covered. During this
phase, acetic acid, hydrogen and carbon dioxide compounds formed in the previous phases are converted
into methane and carbon dioxide; thus, the biogas still presents a heterogeneous composition as shown in
Figure 3 (Farquhar and Rovers 1973; O’Leary and Tchobanoglous 2002).

Methane oxidation e�ciency in the columns

Figure 4 presents the methane average oxidation e�ciency (%) throughout the vertical pro�le of both
columns (C and E).
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The higher organic matter content (and nutrients) present in the compost promotes an increase in the
microbial activity and, consequently, an increase in the methane oxidation (Majdinasab and Yuan 2017).
Although the layer that was enriched with compost �lled only the upper part of the enriched column (the
uppermost 0.15 m of the enriched layer), Figure 4 shows that the average methane oxidation e�cacy of the
enriched column was higher than that of the control column throughout the whole vertical pro�le. As
already reported, both �lter beds were periodically humi�ed with the same amount of water, in order to keep
the minimum levels of moisture needed for the microbiological activity (dry substrate might imply in the
inhibition of methanotrophic microorganisms). Since the increase in water was carried out from the top of
the columns and in a suitable amount to humify the whole bed, most of the organic matter was carried
through the enriched bed, distributing microorganisms and nutrients along the �lter bed. In addition, the
greatest porosity of the bio�lter enriched portion might have provided higher oxygen transfer rates to deeper
regions in that column, also resulting in greater methane oxidation in the lower regions of the enriched bed.
Indeed, Lopes et al. (2011) veri�ed that compost addition to the land�ll soil promoted decrease in grain
speci�c mass and increased soil porosity and permeability; these alterations in the substrate physical
characteristics made the medium more suitable for the gaseous exchange and methane oxidation.

The oxidation pro�les observed in Figure 4 are in agreement with Cabral et al. (2007), who evaluated a
methanotrophic population along the pro�le of a biocover (mixture of compost and sand at a 5:1 ratio,
respectively) and concluded that, in fact, the number of methanotrophic bacteria reduced with depth, and a
reduction in the oxidation e�ciency was seen with the depth of the cover layer. In addition, Hu and Long
(2016) and Thomasen et al. (2019) also reported that greater oxidation e�ciencies were seen in the
biocover upper layers, since methanotrophic bacteria are aerobic and need atmospheric oxygen to carry out
the methane oxidation.

Figure 5 presents the overall oxidation e�ciency of methane, moisture content and soil temperature in the
columns C and E, as well as the average ambient temperature (on the day of the campaign – Tenvirday) and
punctual (only measured during the sampling period – Tenvirpunctual). 

Figure 5 shows that the overall oxidation e�ciency of methane was signi�cantly higher (t=-8.86,  p-value
<0.01) in the enriched column in all campaigns (average »95%) when compared to the control column
(average »71%). The greater oxidation capability of the enriched layer with compost (and, therefore, with
greater organic matter content in relation to the control layer) is also due to the compost greater water
retention capacity. Indeed, the average moisture content in the enriched column was higher (t=-3.41, p-value
<0.01) than that in the control column in all campaigns, with an average of »48% in the enriched column
and »40% in the control column. These moisture conditions enable greater diversity of methanotrophic
bacteria (not evaluated in the context of this study) that require water to dissolve the nutrients and carry out
most of the chemical reactions, such as synthesis and digestive processes (Ait-Benichou et al. 2009; Tortora
et al. 2012); this hypothesis was con�rmed by the cluster analysis, which is graphically represented in
Figure 6 (heatmap).

Considering the ambient temperatures (average and punctual), only Tenvirday presented signi�cant
correlations with the temperature of the control (Tenvir.day with p=0.02 and Tenvir.punctual with p=0.11) and
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enriched columns (Tenvir.day with p=0.01 and Tenvir.punctual with p= 0.7), which evidenced the e�cacy of the
thermal isolation used in the experiment. It seems relevant to emphasize that the ambient temperatures did
not in�uence signi�cantly the oxidation e�ciencies in neither of the columns (control column: Tenvir.day

with p=0.21 and Tenvir.punctual with p=0.6; enriched column: Tenvir.day with p=0.21 and Tenvir.punctual with
p=0.6). However, in all campaigns, the average temperature of the substrate in the enriched column (»29ºC)
was statistically higher (t=-4.08; p-value <0.01) than that of the control column (»23ºC). Cabral et al. (2010)
reported that the temperature inside the biocovers is the result of a combined effect of the biogas heat
formed during the waste mass decomposition and the heat resulting from the substrate biological
oxidation. In this study, both columns were fed simultaneously with biogas from the same vertical drain (at
the same temperature); thus, the higher temperature observed in the enriched column is due to the more
intense biological oxidation in this medium and, therefore, most of the heat was released during this
process (methane oxidation is an exothermic process). This higher temperature (»29ºC) lied in the range
reported by the literature (25-40ºC) as the most favorable to the growth of microorganisms and
maintenance of the medium chemical reactions (Devinny et al. 1999; Tortora et al. 2012). This might have
been another reason for the overall methane oxidation e�ciency being higher in the enriched column when
compared to that of the control column, a hypothesis con�rmed by the analysis shown in Figure 6. Figures
3 and 5 also show that the methane oxidation e�ciency was not related to its concentration in the raw
biogas. 

Figure 6 shows that soil moisture, soil temperature and the methane oxidation e�ciency formed a group
(cluster 2); such grouping is due to the similarity of behavior of these variables, while the punctual and
average temperatures on the campaign day formed another cluster (cluster 1). Apart from moisture, the
highest organic matter content of the enriched substrate is related to a higher nutrient content available for
the microbial growth (Majdinasab and Yuan 2017). Indeed, Devinny et al. (1999) and Tortora et al. (2012)
reported that the compost has mineral nutrients that enable the protein synthesis, desoxyribonucleic acid
(DNA), ribonucleic acid (RNA) and adenosine triphosphate (ATP) by the microorganisms, favoring microbial
growth.

Population and economic growth in developing countries has contributed to a considerable increase in the
municipal solid waste generation per capita. Also, the gradual substitution of open dumps with engineered
land�lls boosted by new public policies related to waste management has also demanded the construction
of an increasing number of land�lls, contributing to the increase in methane emissions (as fugitive
emissions) from these plants (IPCC, 2007). In Brazil, for example, the new Solid Waste National Policy
implemented in 2010 provides for the gradual elimination of open dumps (Brasil, 2010).  In Brazilian
land�lls (without a biogas collection system) such emissions are even greater, since there is no drainage
system (pumping) for the biogas formed inside the waste mass. A report by the Intergovernmental Panel on
Climate Change (IPCC, 2007) reported that bio-based systems (as bio�lters and biocovers) are “key-
technologies” for GHG management in land�lls. The broader context (political and technical) stimulates the
adoption of biotic systems to mitigate GHG. It’s also relevant to emphasize that solid waste composting is
also a globally incentivized technique to treat the biodegradable fraction of the municipal solid waste, since
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results in decreased pollutant organic matter content and reduces considerably the volume of this type of
waste in land�lls.

Further research on the economic viability of the full-scale application of the biotic system investigated in
this study is still required. The biosystem implementation area in the land�ll can vary greatly (consequently,
its costs). In addition to the implementation costs, maintenance and monitoring costs involved in a large-
scale project must also be veri�ed. Finally, in addition to the �nancial issue, we would like to draw attention
to the importance of evaluating the in�uence of other parameters in methane oxidation, such as the
presence of vegetation on the biocover surface, and the substrate microbiological analysis (detailed
analysis of the microbial population responsible for the methane degradation).

Conclusions
This study evaluated the methane passive oxidation in fugitive emissions at the municipal land�ll in
Guarapuava (Paraná State, Brazil) in columns, under two conditions: control (only land�ll cover soil, with
low organic matter content: @0.8%) and enriched (cover soil and the mixture cover soil plus compost with
≅6% organic matter at the uppermost part of the layer).

The overall oxidation e�ciencies of methane were higher in the enriched column in all campaigns
(averages: »95% and »71% in enriched and control columns, respectively). The average methane oxidation
e�ciency along the vertical pro�le of the two columns was also higher in the enriched column. These
results are associated to the more favorable physicochemical conditions for the development of
methanotrophic bacteria due to the compost addition such as higher organic matter content (and, therefore,
nutrient content available for the microbial activities) and moisture, which remained higher in the enriched
column throughout the monitoring period.

The statistical analysis con�rmed that a higher organic matter content in the biosystem in�uences
signi�cantly the methane oxidation e�ciency. The cluster analysis also con�rmed the hypothesis that a
�lter bed containing higher organic matter content presents higher water retention capacity, as expected in
this study. Temperatures (soil and ambient) did not in�uence signi�cantly the methane oxidation e�ciency
in any of the columns, which might be ascribed to the e�cacy of the thermal insulation used in the
bio�lters.  

Results obtained in this study demonstrated that the use of bio-based systems might reduce signi�cantly
methane fugitive emissions even in land�lls without any type of biogas recovery system, which occurs in
almost all land�lls in developing countries. In addition, the use of organic waste (as compost) can also be
seen as a low-cost and environmentally-friendly alternative in the mitigation of greenhouse gases from
active or closed land�lls. The use of  biotic systems is still quite incipient in developing countries such as
Brazil. Even so, many municipalities already promote the composting of their organic wastes; therefore, the
compost that does not meet quality standards to be commercialized and/or used in the soil as farm input
could be used, for example, as aggregate in the land�ll cover layers. Another bene�t of the use of this
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technique is the reduction in the amount of land�ll soil used as cover layer, since soil availability in the
land�ll location is, sometimes, one of the main problems for the companies that manage these plants.
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Figures

Figure 1

Scheme of capture and injection of biogas into the two columns (control and enriched).
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Figure 2

Packing materials: (a) enriched and (b) control.

Figure 3

Average composition (and standard error) of raw biogas at the entrance of the control and enriched column
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Figure 4

Methane oxidation (%) (and standard error) throughout the vertical pro�le of columns C and E.
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Figure 5

Monitoring of the methane oxidation global e�ciency in the control (Efox-C) and enriched (Efox-E) columns.

Figure 6

Cluster analysis for the monitoring of control and enriched columns.
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