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Abstract

The time series data obtained from in-borehole measurement of CH, and CO, from a landfill site in
Manchester, UK are given. Analysis reveals that they were variable for the period under investigation.
There is a significant positive correlation between ground CH,/CO, concentrations and their monitoring
time. During this period, CH, concentration has increased from 0.5% to 62.7%. Similarly, CO,
concentration has increased from 0.6% to 35.5%. Both gases have positive correlation coefficients of
0.5671 and 0.6653 respectively with time horizon of June — September 2011. Also, the two gases exhibit
positive correlation coefficient of 0.9205 with each other; indicating that emission of CH, creates
potential for emission of CO, and vice versa.
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1. Introduction

Landfills generate significant amounts of various gases during their active life and for a period of time
after their closure [1]. Methane and carbon dioxide are the two major gases mostly generated in landfill
emissions [2-6]. Volatile organic compounds (VOCs) are equally generated [7], however; they are
usually in trace concentrations [8]. Landfill gas is produced by the decomposition of organic content of
waste such as food, garden, wood and paper waste [9]. They are emitted into the atmosphere and can also
travel long distances in the porous space of the soil medium. Their migration into the indoor or ambient
environment is either by vapour intrusion, vapour emission or vapour release [8].

Globally, methane emissions from landfill accounts for about 30 teragrams per year or 6% of the total
global methane emissions [10, 11]. In UK alone, landfill accounted for about 46% of the total methane
emissions during 1996 [12]. The global emission of carbon dioxide from the soil respiration ranges from
68 x 10™ geyear™ [13] to 75 x 10™ gcyear™ [14]; the magnitude of which depends on the activities of the
belowground microbial community and root respiration [15]. Moreover, CH,and CO, are produced from
several other sources containing biodegradable organic materials [16]. They can be trapped in materials
such as coal and peat, and be released during activities like mining and pilling respectively [16] into the
atmosphere.

Methane is regarded as the second most important anthropogenic greenhouse gas in the atmosphere next
to carbon dioxide [12, 17]. Its global warming potential for a time horizon of 100 years is 25, which
makes it an attractive target for climate mitigation policies [17]. It has a net life time of about 10 years
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[17]. Methane is highly explosive at concentrations of approximately 5-15% by volume in air [9] and can
accumulate to dangerous levels virtually undetected. It can also act as an asphyxiant and in particular
circumstances it may be toxic.

Carbon dioxide on the other hand presents similar hazards to that of methane. It also poses an
asphyxiation hazard when it collects in an enclosed space by displacing the existing air and creating an
oxygen deficient environment [18]. CO, also causes adverse health effects, unconsciousness or even
death at relatively low concentrations (at approximately 5% by volume in air) [9].

Methane and carbon dioxide are two main types of greenhouse gases with widely different warming
potential. Though the concentration of CH, in the atmosphere is lower than CO, but it has 22 times the
warming potential of CO, on a 100-yr time scale, therefore, it may have significant impacts on global
climate change [19]. The present CO, concentration in the atmosphere is 384.8 ppm while the present
CH, concentration is 1.74 to 1.86 ppm [20]. The annual increasing rate of the concentration of CO, and
CH, in the atmosphere is 0.5% and 0.8%, respectively [21].

Given the fact that landfill soil is majorly made up of CH4and CO,, there is a requirement to determine
whether a change in one of the gases would bring about a concomitant change in the other and also how
both correlate with time. This is particularly pertinent, since any variation to and from the soil would
help in controlling atmospheric greenhouse effect. This paper uses time series data to establish these
relationships.

2. Materials and method

The datasets analysed in this work were obtained with the help of an in-borehole ground-gas monitor,
Gasclam (lon Science, UK). This instrumentation has the capability to monitor continuously and
simultaneously various ground-gases (CH4, CO,, CO, O, H,S, and VOCs) and their environmental
controls (temperature, barometric pressure, borehole pressure and soil water depth) on hourly sampling
basis unmanned for up to three months. It logs long term, real trend information, allowing informed
decision to be made on accurate, reliable data — a revolution in gas management and prediction. It
measures the gases with the aid of the sensors incorporated into it. Its sampling frequency can be set and
is variable from two minutes, to once daily. Data is downloaded to a PC or viewed remotely using the
optional GPRS telemetry system.

The instrument was installed in a Landfill site in Manchester, UK. The gas monitors were set sampling
on hourly basis and left in-situ to ensure a continuous monitoring of the ground-gases. By doing this, it
gives one time series behaviour of the individual gases and their controls allowing room for prediction of
their risk. This paper, however, does not look into their risk prediction, but investigates the relationship
between two of the gases (that is, CH,and COy) in landfill soil.

3. Results

The time series data of methane and carbon dioxide concentrations collected for the months of June,
July, August and September in 2011 are as shown in Figures 1-4 respectively. These figures illustrate the
hourly concentrations of methane and carbon dioxide for the stated months. Figures 5-8 illustrate the
relationships between methane and carbon dioxide for the respective months above. Figure 9 is the graph
of methane and carbon dioxide against time for the entire monitoring period whilst Figure 10 displays the
graph of methane against carbon dioxide concentrations for the same time horizon.

4. Discussions

Figures 1-4 show that methane and carbon dioxide concentrations are all variable. Figure 1 shows initial
methane concentration to be 18.5%. It then rose to 25% and remained fairly constant for the next 300
hours and then dropped to 0%. From 0%, it rapidly increased to 60.9% and remained fairly constant for
211 hours before going down to 0% again. Carbon dioxide followed the same trend, however; its
concentration is much lower than that of methane.

Figure 2 shows very high variability of methane and carbon dioxide concentrations with initial methane
concentration as 51.7%. It then rose to 60% within 11 hours and remained fairly constant for the next 41
hours before going down to 20.3%. It then quickly rose to 60.9% and remained there until after 200
hours and then dropped to 10%. Carbon dioxide had initial and final concentration of 26.7% and 29.1%
respectively but peaked at 34.1%. Once again, carbon dioxide shows the same trend with methane.
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Figure 1. Hourly concentrations of methane and carbon dioxide (June, 2011)
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Figure 2. Hourly concentration of methane and carbon dioxide (July, 2011)
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Figure 3. Hourly concentration of methane and carbon dioxide (August, 2011)
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Figure 4. Hourly concentration of methane and carbon dioxide (Sept., 2011)

70 -

60 -

50 -~

40 -~

30 y=1.347x+17.898

R?=0.9675
20

Concentration of CH4 (%)

10

0 5 10 15 20 25 30 35

Concentration of CO2 (%)

Figure 5. Graph of methane concentration against carbon dioxide concentration (June, 2011)
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Figure 6. Graph of methane concentration against carbon dioxide concentration (July, 2011)
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Figure 7. Graph of methane concentration against carbon dioxide concentration (August, 2011)
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Figure 8. Graph of methane concentration against carbon dioxide concentration (Sept., 2011)
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Figure 9. Graph of CH, and CO, concentrations against time. The correlation is for the entire monitoring
period (June-September, 2011)
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Figure 10. Graph of methane concentration against carbon dioxide concentration for the entire
monitoring period (June-September, 2011)

Figure 3 shows the initial methane and carbon dioxide concentrations to be 0.5% and 0.6% respectively.
They then remained constant for 6 hours and dropped to 0%. Methane concentration stayed at 0% for 70
hours and then went back to 0.5% and remained there for 41 hours before it gradually peaked at 21.6%
and remained fairly there until the data was downloaded. Carbon dioxide on the other hand remained at
0% for 18 hours before going back to 0.6%. It then remained constantly there for 57 hours before
gradually going up to 15.5% and fluctuated around this until the end of the monitoring period.

The trend of methane and carbon dioxide concentration in Figure 4 resemble those of Figure 2, however;
the frequency of the rising and falling of their concentrations is higher than those of Figure 2. Methane
had the lowest and highest concentrations of 13.9% and 62.7% respectively, while carbon dioxide had
6.4% and 35.5% as its lowest and highest concentrations respectively.

Figures 5-8 show graphs of methane against carbon dioxide. They display the correlations of methane
with carbon dioxide. Methane had correlations of 0.9675, 0.8072, 0.9934, and 0.8486 with carbon
dioxide in Figures 5-8 respectively. Methane and carbon dioxide had correlations of 0.5671 and 0.6653
(Figure 9) respectively with time over the entire monitoring period and also a correlation of 0.9205
(Figure 10) with each other for the same time scale.

(62}

. Conclusions

e The very high concentrations of both the methane and carbon dioxide are significance of increased
emission of these gases from landfills into both indoor and ambient atmospheres. This trend could be
attributed to their environmental controls.

e The structure of time variation of the gases is a proof that higher concentrations should be expected in
the nearest future.

e The high positive correlations between methane and carbon dioxide are indications that the emission

of methane incites a concomitant emission of carbon dioxide and vice versa.

References

[1] Mustafa MA (2010). Environmental Modelling and Health Risk Analysis (ACTS/RISK). Springer
Dordrecht Heidelberg, London New York. ISBN 978-90-481-8607-5, DOI 10.1007/978-90-481-
8608-2.

[2] Scheutz C, Bogner J, Chanton JP, Blake D, Morcet M, Aran C, Kjeldsen P. (2008) Atmospheric
emissions and attenuation of non-methane organic compounds in cover soils at a French landfill.
Waste Management, vol. 28, pp1892-1908.

[3] Scheutz C, Kjeldsen P, Bogner JE, Visscher AD, Gebert J, Hilger HA, Huber-Humer M, Spokas
K. (2009) Microbial methane oxidation processes and technologies for mitigation of landfill gas
emissions. Waste Management and Research, 27, pp 409-455.

ISSN 2076-2895 (Print), ISSN 2076-2909 (Online) ©2014 International Energy & Environment Foundation. All rights reserved.



International Journal of Energy and Environment (IJEE), Volume 5, Issue 3, 2014, pp.395-402 401

[4]
[5]

[6]

[7]

[8]

[9]
[10]

[11]

[12]
[13]
[14]

[15]

[16]

[17]

[18]

[19]
[20]

[21]

Streese J, and Stegmann R. (2003) Microbial oxidation of methane from old landfill in biofilters.
Waste Management, 23, pp573-580.

Eklund B, Anderson EP, Walker BL, and Burrows DB. (1998) Characterization of landfill gas
composition at the Fresh Kills Municipal Solid-Waste Landfill. Environmental Science
Technology, vol. 32, pp 2233-2237.

USEPA (1995). Air emissions from Municipal Solid Waste Landfills — Background Information
for Proposed Standards and Guidelines. Emission Standards Division, U.S. Environmental
Protection Agency, Office of Air and Radiation Office of Air Quality Planning and Standards
Research Triangle Park, North Carolina 27711.

West OR, Siegrist RL, Mitchell TJ, and Jenkins RA (1995). Measurement error and spatial
variability effects on the characterisation of volatile organic in the subsurface. Environmental
Science and Technology, 1995, 29 (3), 647-656.

Katy B, Helen H, Lara P, Don B, and Cecilia M (2009).The VOCs Handbook: Investigation,
assessing, and managing risks from inhalation of VOCs at land affected by contamination. CIRIA
Report 766.

NHBC, (2007). Guidance on evaluation of development proposals on sites where methane and
carbon dioxide are present.

Thorneloe SA, Barlaz MA (1993). Global methane emissions from waste management.
Atmospheric methane: sources, sinks, and role in global change, NATO ASI Series, vol. 13.
Springer, New York.

Thorneloe SA, Doorm M (1994). Methane emissions from landfills and open dumps. In: EPA
report to congress on international anthropogenic methane emissions: estimates for 1990, USEPA,
Office of Policy, Planning and Evaluation. EPA-230-R-93-010.

Environmental Agency, (2008). Methane http://www.environment-agency.gov.uk/business/topics/
pollution/185.aspx.

Raich JW, Schlesinger WH, (1992). The global carbon flux in soil respiration and its relationship
to vegetation and climate. Tellus, 44B, 81-91.

Schlesinger WH, (1997). Carbon balance in terrestrial detritus. Annual Review of Ecology and
Systematics, 8, 51-81.

Epron D, Bosc A, Bonal D, Freycon V (2006). Spatial variation of soil respiration across a
topographic gradient in tropical rainforest in French Guiana. Journal of Tropical Ecology, 22, 565-
574.

Wilson S, Card G, and Haines S. (2008). The local authority guide to ground-gas. The Chartered
Institute of Environmental Health: London.

Boucher O, Friedlingstein P, Collins B, Shine KP. (2009). “The indirect global warming potential
and the global temperature change due to methane oxidation”. Environmental research letters
4:044007.

Agency for Toxic Substances Disease Registry (ATSDR), (2001). Landfill gas primer. An
overview  for  environmental health professionals [available  online] URL.:
http://www.atsdr.cdc.gov/HAC/landfill/ntml/intro.html. Accessed 7th May, 2009.

International Panel on Climate Change (IPPC), (2001). Climate Change: The Scientific Basis.
Cambridge University Press, Cambridge.

Blasting, TJ (2009). Recent Greenhouse Gas Concentration. Carbon Dioxide Information Analysis
Centre (CDIAC). URL: http://cdiac.ornl.gov

International Panel on Climate Change (IPCC), (2007). The physical science basis, Fourth
Assessment Report, Working Group I. Cambridge: Cambridge University; http://www.ipcc.ch/
ipccreports/ar4-wgl.htm.

ISSN 2076-2895 (Print), ISSN 2076-2909 (Online) ©2014 International Energy & Environment Foundation. All rights reserved.



402 International Journal of Energy and Environment (IJEE), Volume 5, Issue 3, 2014, pp.395-402

Nwachukwu, Arthur Nwachukwu is a doctoral research student in the University of Manchester,
Manchester, United Kingdom. He is also a graduate teaching assistant (GTA) in the School of Earth,
Atmospheric and Environmental Sciences of the same University. He received his B.Sc. degree in
Industrial Physics from Ebonyi State University, Abakaliki, Nigeria (2005) and M.Sc. degree in
Environmental Physics from University of Agriculture, Makurdi, Nigeria (2009). His doctoral research
in the University of Manchester focuses on how to derive a methodology for improved prediction of
risk due to hazardous ground-gases. He is a member of different professional bodies such as Nigeria
Institute of Physics (NIP), Nigeria Environmental Society (NES), British Organic Geochemists (student
member), and Yorkshire Contaminated Land Forum (YCLF) United Kingdom.

E-mail address: arthurdeconvenantchild@yahoo.com

ISSN 2076-2895 (Print), ISSN 2076-2909 (Online) ©2014 International Energy & Environment Foundation. All rights reserved.



