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Via Electronic Transmission: driscoll.tom @epa.gov
Mr. Thomas A. Driscoll

USEPA/OAQPS/SPPD

Measurement Policy Group, Room D221D

109 TW Alexander Drive (D243-05)

Research Triangle Park, NC 27711

Re: Proposed Revisions to AP-42 Chapter 2.4

Dear Mr. Driscoll:

The Solid Waste Association of North America and the National Solid Wastes Management
Association are pleased to offer the following comments on the United States Environmental
Protection Agency’s (EPA) proposed revisions to AP-42, Fifth Edition, Volume I, Chapter 2.4
Municipal Solid Waste Landfills (EPA 2008a) and the Background Information Document for
Updating AP-42 Section 2.4 for Estimating Emissions from Municipal Solid Waste Landfills
(EPA 2008b). The National Solid Wastes Management Association (NSWMA) and the Solid
Waste Association of North America (SWANA) represent companies, municipalities, and
professionals in the solid waste management industry. NSWMA is a not-for-profit trade
association representing private solid waste collection, disposal, and recycling companies.
SWANA is a professional education association in the solid waste management field with
members from both the public and private sectors.

Our two associations are committed to working with EPA to ensure that the final published
emission factors are of high quality and truly represent the municipal solid waste landfill
industries’ emissions. Our comments are divided into two sections: general comments and
specific comments.

GENERAL COMMENTS

Omission of Data Obtained with Federally-Approved Test Methods

We have serious concerns with EPA’s rejection of non-methane organic compounds (NMOC)
concentration data derived from NSPS/EG Tier 2 studies using the geoprobe method. The MSW
landfill industry previously submitted (WIAC 2000) 144 Tier 2 study reports based primarily on
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this method (attached). This report and the respective NMOC values lend substantial statistical
validity to EPA’s AP-42 database as well as provide better geographical coverage of landfills
across the U.S. than had been previously achieved. However, the majority of these data were
rejected without any valid scientific or regulatory reason to do, but because the data were
obtained using the geoprobe method.

The Tier 2 geoprobe method was developed by EPA and is an approved EPA Method under 25C.
EPA’s approved method contains a specific methodology for determining the placement and
number of sampling locations, extracting samples, and conducting laboratory analyses to ensure
the data obtained are representative of the average concentration of NMOC:s in landfill gas
(LFQG) at the site. Further, the data derived from these geoprobe studies are considered
acceptable for determining regulatory applicability under the landfill NSPS/EG, a federal Clean
Air Act (CAA) program.

In a previous submittal to EPA (WIAC 2000), NMOC data were provided for 144 landfills in the
U.S. and Puerto Rico that were conducting Tier 2 analyses under the NSPS/EG for MSW landfills.
The results of the NMOC data survey are summarized in Table 1 of the WIAC letter attached to our
comments. The average NMOC concentration across all regions was 457 parts per million by
volume (ppmv), as hexane, which is approximately 24 percent less than the original AP-42 default of
595 ppmv and approximately 83 percent of the proposed new AP-42 default of 838 ppmv. Only 18
of 144 landfills in the WIAC study reported an NMOC concentration above the proposed default of
838 ppmv, making this proposed value highly questionable. Also, the average NMOC concentration
for Southwest landfills was greater than the average value for all other regions. One explanation for
this is that in wetter climates LFG generation and flow rates are typically higher, which may dilute
the NMOC:s, thus reducing the measured NMOC concentrations in LFG.

The NMOC data survey supplied in the WIAC study also set out to establish whether NMOC
concentrations varied depending on the method used to collect the data. NSPS/EG Tier 2
methodologies allow determination of site-specific NMOC concentrations by either geoprobing
through the cover of the landfill or obtaining samples directly from an existing LFG collection
and control system (GCCS). Based on this survey, the average NMOC concentration was
statistically the same regardless of what method of sampling was selected, as shown in the
following Table.

Comparison of Tier 2 Sampling Methods

Sample Location # of Sites Reporting Average Cnyyoc (ppmv-H)
Active 33 447
Probe 114 469

These data call into strong question EPA’s new proposed default value for NMOC:s since 144 data
points across the country, all from post-1992 analyses, would suggest EPA’s proposed default value
is almost twice as high as it should be. Further, this increase in NMOC concentrations over time,
which we would have to believe if EPA’s change from 595 ppmv to 838 ppmv is accurate, is
inconsistent with the overall reduction in individual organic compound concentrations seen in EPA’s
own study and as reflected in the proposed new AP-42 values for organic compounds.



Moreover, the WIAC data also show that there was not a statistical difference in Tier 2 NMOC data
derived from geoprobe studies or GCCS samples, which refutes EPA’s position that geoprobe data
are not representative. We believe the previously submitted data provides an accurate picture of
average NMOC concentrations, however, EPA should compile additional NMOC data as well as
accept data from the Tier 2 geoprobe method before it can accurately propose a representative value
for NMOC in landfill gas. Finally, consideration should be given for providing default NMOC
concentrations for wet and dry climate landfills.

Data Used for Revising NMOC Emission Factors

We appreciate EPA’s willingness to meet with us on February 4, 2009 to discuss the existing
data. However, the question as to why some data we submitted was rejected by EPA in the AP-
42 revision and Background Information Document (EPA 2008b), has never been fully
answered. This data was submitted to EPA in the 2000 and 2001 timeframe, but we were not
notified until 2009 that the data was inadequate. Since the revised AP-42 is supposed to be a
living document that will be continually updated if the data meets EPA’s completeness criteria,
we expect that the newly supplied data to be reviewed and incorporated into the emission factor
database.

Lastly, numerous peer-reviewed studies have been published that are directly related to key
factors used in the draft AP-42 update including, L, k for wet landfills, soil oxidation of
methane and organics, and optical remote sensing. Attached is a list of published technical
literature for EPA review. We suggest that EPA revise the draft AP-42 and BID accordingly.

SPECIFIC COMMENTS

Page 2.4-7 and TABLE 2.4-1: NMOC and VOC Default Concentrations

EPA proposes to revise the default NMOC concentration of 838 ppmv for post-1992 landfills,
while the pre-1992 landfills remain at 595 ppmv. We have already raised concerns with the
exclusion of punch probe sampling data (please refer to above discussion). In addition, we are
concerned that the NMOC default value is biased because of the presence of an outlier. As EPA
mentions, the outlier is attributed to the use of contaminated soils as alternate daily cover at the
MSW landfill. This practice is not an industry standard and therefore, is not representative of
national conditions. Limited review of a draft of the test report revealed that three samples were
taken to generate this data point. There was not a consistent sampling procedure used for sample
collection (one sample was collected using a flowmeter and the others were not) and the three
samples showed large variability, ranging from 3,650 ppmv to 9,330 ppmv. Unfortunately, the
complete final test report was not made available for review. The BID acknowledges that outlier
points were present and included in the calculations, “... because no datum should be rejected
solely on the basis of statistical tests since there is a risk of rejecting an emission rate that
represents actual emissions.” While this statement may be warranted if the data was truly valid,
problems associated with the sampling indicate that the outlier point may not represent actual
emissions. Therefore the outlier should be removed from the data set or a new and separate



emission factor should be developed for sites that use contaminated soils as alternative daily
cover (ADC) similar to the NMOC emission factor established for codisposal sites.

In general, treatment of the NMOC and VOC test data is not consistent with the EPA practices
described in the previous version of AP-42 section 2.4 (EPA 1997). For example, several test
reports from one site were included as discrete tests when they should have been averaged.
Averaging the test reports will remove some of the bias present from individual sites, such as the
Bradley landfill, which has six data points included in determining the NMOC concentration.

Appendix 1 (attached) shows the data for the 165 LFG constituents included in AP-42. Several
of these have negligible photochemical reactivity per 40 CFR 51 (as noted). The BID estimates
the VOC fraction of NMOC is 99.7 percent. Appendix 1 shows that the sum of the constituents
as hexane is far below the NMOC emission factor (161 ppmv versus 838 ppmv). The VOC
fraction of NMOC is not determined by summation, but by subtracting the compounds with
negligible photochemical reactivity. It is unclear how the NMOC emission factor would increase
substantially, with the percent VOC increasing, while the concentration of individual
components decrease or remains the same (2-propanol, ethyl mercaptan, and ethane decrease by
greater than one order of magnitude). Further investigation is needed to determine an
appropriate percentage of NMOC to be considered VOC.

Page 2.4-21: Control Device Emission Factors - Flares

We cannot completely respond to the proposed emission factors for flares as the test reports for
the flares have not been made available. The EPA Technology Transfer Network (TTN) web site
states that the test reports are to be posted on line for review. However, to date, the test reports
used to establish the revised emission factors have not been posted, and consequently the public
has not been given the opportunity to review the basis for the proposed revisions. We do have
some specific concerns, as detailed below.

We are concerned with the carbon monoxide (CO) emission factor, which is significantly lower
than what current LFG flare manufacturers will guarantee. In fact, it is our understanding that
flare manufacturers cannot guarantee this proposed low emission rate based on current
technology.

The proposed control efficiency for flares listed at 97.7 percent also is very concerning and we
request that EPA provide the justification and analysis behind this proposed factor. Our concern
is that the basis for this factor was developed on old test data within a small geographical area
and is not representative. In addition, given that the NSPS/EG rules refer to a 98 percent
destruction efficiency for the control equipment, we would recommend that the AP-42 adopt this
factor to be consistent.

We are also extremely concerned with EPA’s publication of the proposed dioxins/furans
emission factor for flares. It is disturbing that EPA established an emission factor based on only
one of three Method 23 sampling runs. EPA admits in the BID that the one test report “does not
represent a random sample of LFG flares.” In review of the BID referenced document number
TR-273, EPA, or its contractors, performed three Method 23 sampling runs. However, as a cost



saving measure, only the samples from one run (Run 3) were analyzed. In addition to being very
expensive, testing and analyzing compounds that are in the range of nanograms is highly variable
and subject to error. Given that the emission factors established by EPA in AP-42 are meant to
represent national conditions, one test run conducted on one flare does not represent national
conditions.

We also noted in review of the BID reference document number TR-287, that EPA elected not to
collect samples of dioxins/furans at the enclosed flare. According to the EPA test report, the
flare demonstrated “high gas temperatures (>1400°F) at the sampling location near the flare
stack exit” which “rendered the presence of dioxins and furans improbable. Formation of
dioxins and furans is favored within the temperature window between 500 and 700°F. The flare
system did not provide for the gases to be cooled to these temperatures before the gases are
emitted into the atmosphere.” We believe this is a serious breach of the EPA’s own data quality
guidelines and respectfully request that the agency remove this emission factor from the
guidance.

We believe the proposed nitrogen oxide emission factors of engines are very high, increasing
nearly threefold from the current emission factor. Landfill gas-fired IC engines have improved
design and operation such that emissions of nitrogen oxides have decreased. In addition, other
regulatory drivers are also pushing emissions lower. The BID indicates a bias to older tests.
Seven of the nine tests evaluated (78%) were completed 11 to 21 years ago. Of the two newer
tests, one is a significant high outlier. EPA failed to use the data that the agency already had and
reviewed for the development of the NSPS, Subpart JJJJ. Another indication that the emission
factors are not appropriate is that the nitrogen oxide emission factor is higher than will be
allowed under Subpart JJJJ (for engines manufactured after July 1, 2010). These factors are
clearly inadequate and should be determined using engines that meet more current standards
promulgated by EPA.

In closing, we appreciate the opportunity to provide comments on this proposed guidance and
look forward to working with EPA as this process moves forward. SWANA and NSWMA
appreciate your prompt attention to this request and look forward to your response. Please
contact John Skinner of SWANA at 301-585-2898 or jskinner@swana.org or Bruce Parker of
NSWMA at 202-364-3720 or bparker@envasns.org.

Sincerely,

Brua Y. Taden #a@ﬁ e

Bruce J. Parker John H. Skinner, Ph.D.
President and CEO Executive Director and CEO
NSWMA SWANA



Appendix 1: Landfill Gas Constituents
Summation as Hexane

Mean Mean as
Compound (ppm)  Hexane (ppm)
1,1,1-Trichloroethane 2.43E-04 0.0001
1,1,2,2-Tetrachloroethane 417E-01 0.1390
1,1,2,3,4,4-Hexachloro-1,3-butadiene 3.83E-03 0.0019
1,1,2-Trichloro-1,2,2-Trifluoroethane (Freon 113) 6.72E-02 0.0224
1,1,2-Trichloroethane 1.58E-01 0.0527
1,1-Dichloroethane 2.08E+00 0.6933
1,1-Dichloroethene (1,1-Dichloroethylene) 1.60E-01 0.0533
1,2,3-Trimethylbenzene 3.59E-01 0.5385
1,2,4-Trichlorobenzene 5.51E-03 0.0055
1,2,4-Trimethylbenzene 1.37E+00 2.0550
1,2-Dibromoethane (Ethylene dibromide) 4.80E-03 0.0016
1,2-Dichloro-1,1,2,2-tetrafluoroethane (Freon
114) 1.06E-01 0.0353
1,2-Dichloroethane (Ethylene dichloride) 1.59E-01 0.0530
1,2-Dichloroethene 1.14E+01 3.8000
1,2-Dichloropropane 5.20E-02 0.0260
1,2-Diethylbenzene 1.99E-02 0.0332
1,3,5-Trimethylbenzene 6.23E-01 0.9345
1,3-Butadiene (Vinyl ethylene) 1.66E-01 0.1107
1,3-Diethylbenzene 6.55E-02 0.1092
1,4-Diethylbenzene 2.62E-01 0.4367
1,4-Dioxane (1,4-Diethylene dioxide) 8.29E-03 0.0055
1-Butene / 2-Methylbutene 1.22E+00 0.8133
1-Butene / 2-Methylpropene 1.10E+00 0.7333
1-Ethyl-4-methylbenzene (4-Ethyl toluene) 9.89E-01 1.4835
1-Ethyl-4-methylbenzene (4-Ethyl toluene) +
1,3,5-Trimethylbenzene 5.79E-01 0.8685
1-Heptene 6.25E-01 0.7292
1-Hexene / 2-Methyl-1-pentene 8.88E-02 0.0888
1-Methylcyclohexene 2.27E-02 0.0265
1-Methylcyclopentene 2.52E-02 0.0252
1-Pentene 2.20E-01 0.1833
1-Propanethiol (n-Propyl mercaptan) 1.25E-01 0.0625
2,2,3-Trimethylbutane 9.19E-03 0.0107
2,2,4-Trimethylpentane 6.14E-01 0.8187
2,2,5-Trimethylhexane 1.56E-01 0.2340
2,2-Dimethylbutane 1.56E-01 0.1300
2,2-Dimethylpentane 6.08E-02 0.0709
2,2-Dimethylpropane 2.74E-02 0.0228
2,3,4-Trimethylpentane 3.12E-01 0.4160
2,3-Dimethylbutane 1.67E-01 0.1670

2,3-Dimethylpentane 3.10E-01 0.3617



Compound

2,4-Dimethylhexane
2,4-Dimethylpentane
2,5-Dimethylhexane
2,5-Dimethylthiophene
2-Butanone (Methyl ethyl ketone)
2-Ethyl-1-butene
2-Ethylthiophene

2-Ethyltoluene

2-Hexanone (Methyl butyl ketone)
2-Methyl-1-butene
2-Methyl-1-propanethiol (Isobutyl mercaptan)
2-Methyl-2-butene
2-Methyl-2-propanethiol (tert-butylmercaptan)
2-Methylbutane

2-Methylheptane

2-Methylhexane

2-Methylpentane

2-Propanol (Isopropyl alcohol)
3,6-Dimethyloctane
3-Ethyltoluene
3-Methyl-1-pentene
3-Methylheptane

3-Methylhexane

3-Methylpentane
3-Methylthiophene
4-Methyl-1-pentene
4-Methyl-2-pentanone (MIBK)
4-Methylheptane

Acetaldehyde

Acetone

Acetonitrile

Acrylonitrile

Benzene

Benzyl chloride
Bromodichloromethane
Bromomethane (Methyl bromide)
Butane

Carbon disulfide

Carbon tetrachloride

Carbon tetrafluoride (Freon 14)
Carbonyl sulfide (Carbon oxysulfide)
Chlorobenzene
Chlorodifluoromethane (Freon 22)
Chloroethane (Ethyl chloride)
Chloromethane (Methyl chloride)
cis-1,2-Dichloroethene
cis-1,2-Dimethylcyclohexane
cis-1,3-Dichloropropene
cis-1,3-Dimethylcyclohexane

Mean
(ppm)
2.22E-01
1.00E-01
1.66E-01
6.44E-02
4.01E+00
1.77E-02
6.29E-02
3.23E-01
6.13E-01
1.79E-01
1.70E-01
3.03E-01
3.25E-01
2.26E+00
7.16E-01
8.16E-01
6.88E-01
1.80E+00
7.85E-01
7.80E-01
6.99E-03
7.63E-01
1.13E+00
7.40E-01
9.25E-02
2.33E-02
8.83E-01
2.49E-01
7.74E-02
6.70E+00
5.56E-01

2.40E+00
1.81E-02
8.78E-03
2.10E-02
6.22E+00
1.47E-01
7.98E-03
1.51E-01
1.22E-01
4.84E-01
7.96E-01
3.95E+00
2.44E-01
1.24E+00
8.10E-02
3.03E-03
5.01E-01

Mean as
Hexane (ppm)
0.2960
0.1167
0.2213
0.0644
2.6733
0.0177
0.0629
0.4845
0.6130
0.1492
0.1133
0.2525
0.2167
1.8833
0.9547
0.9520
0.6880
0.9000
1.3083
1.1700
0.0070
1.0173
1.3183
0.7400
0.0771
0.0233
0.8830
0.3320
0.0258
3.3500
0.1853
0.0000
2.4000
0.0211
0.0015
0.0035
4.1467
0.0245
0.0013
0.0252
0.0203
0.4840
0.1327
1.3167
0.0407
0.4133
0.1080
0.0015
0.6680



Compound

cis-1,4-Dimethylcyclohexane/ trans-1,3-

Dimethylcyclohexane
cis-2-Butene
cis-2-Heptene
cis-2-Hexene
cis-2-Octene
cis-2-Pentene
cis-3-Methyl-2-pentene
CO

Cyclohexane
Cyclohexene
Cyclopentane
Cyclopentene

Decane
Dibromochloromethane

Dibromomethane (Methylene dibromide)

Dichlorobenzene
Dichlorodifluoromethane (Freon 12)

Dichloromethane (Methylene chloride)

Diethyl sulfide

Dimethyl disulfide

Dimethyl sulfide

Dodecane (n-Dodecane)

Ethane

Ethanol

Ethyl acetate

Ethyl mercaptan (Ethanediol)
Ethyl methyl sulfide
Ethylbenzene

Formaldehyde

Heptane

Hexane

Hydrogen sulfide

Indan (2,3-Dihydroindene)
Isobutane (2-Methylpropane)
Isobutylbenzene

Isoprene (2-Methyl-1,3-butadiene)
Isopropyl mercaptan
Isopropylbenzene (Cumene)
Methanethiol (Methyl mercaptan)
Methyl tert-butyl ether (MTBE)
Methylcyclohexane
Methylcyclopentane
Naphthalene

n-Butylbenzene

Nonane

n-Propylbenzene (Propylbenzene)
Octane

Mean
(Ppm)

2.48E-01
1.05E-01
2.45E-02
1.72E-02
2.20E-01
4.79E-02
1.79E-02
2.44E+01
1.01E+00
1.84E-02
2.21E-02
1.21E-02
3.80E+00
1.51E-02
8.35E-04
9.40E-01
1.18E+00
6.15E+00
8.62E-02
1.37E-01
5.66E+00
2.21E-01
9.05E+00
2.30E-01
1.88E+00
1.98E-01
3.67E-02
4.86E+00
1.17E-02
1.34E+00
3.10E+00
3.20E+01
6.66E-02
8.16E+00
4.07E-02
1.65E-02
1.75E-01
4.30E-01
1.37E+00
1.18E-01
1.29E+00
6.50E-01
1.07E-01
6.80E-02
2.37E+00
4.13E-01
1.08E+00

Mean as
Hexane (ppm)

0.3307
0.0700
0.0286
0.0172
0.2933
0.0399
0.0179
4.0667
1.0100
0.0184
0.0184
0.0101
6.3333
0.0025
0.0001
0.9400
0.1967
1.0250
0.0575
0.0457
1.8867
0.4420
3.0167
0.0767
1.2533
0.0660
0.0184
6.4800
0.0020
1.5633
3.1000
0.0000
0.0999
5.4400
0.0678
0.0138
0.0875
0.6450
0.2283
0.0983
1.5050
0.6500
0.1783
0.1133
3.5550
0.6195
1.4400



Mean Mean as
Compound (ppm)  Hexane (ppm)
p-Cymene (1-Methyl-4-Isopropylbenzene) 3.58E+00 5.9667
Pentane 4.46E+00 3.7167
Propane 1.55E+01 7.7500
Propene 3.32E+00 1.6600
Propyne 3.80E-02 0.0190
sec-Butylbenzene 6.75E-02 0.1125
Styrene (Vinylbenzene) 4.11E-01 0.5480
Tetrachloroethylene (Perchloroethylene) 2.03E+00 0.6767
Tetrahydrofuran (Diethylene oxide) 9.69E-01 0.6460
Thiophene 3.49E-01 0.2327
Toluene (Methyl benzene) 2.95E+01 34.4167
trans-1,2-Dichloroethene 2.87E+00 0.9567
trans-1,2-Dimethylcyclohexane 4.04E-01 0.5387
trans-1,3-Dichloropropene 9.43E-03 0.0047
trans-1,4-Dimethylcyclohexane 2.05E-01 0.2733
trans-2-Butene 1.04E-01 0.0693
trans-2-Heptene 2.50E-03 0.0029
trans-2-Hexene 2.06E-02 0.0206
trans-2-Octene 2.41E-01 0.3213
trans-2-Pentene 3.47E-02 0.0289
trans-3-Methyl-2-pentene 1.55E-02 0.0155
Tribromomethane (bromoform) 1.24E-02 0.0021
Trichloroethylene (trichloroethene) 8.28E-01 0.2760
Trichlorofluoromethane (Freon 11) 2.48E-01 0.0413
Trichloromethane (Chloroform) 7.08E-02 0.0118
Undecane 1.67E+00 3.0617
Vinyl acetate 2.48E-01 0.1653
Vinyl chloride (Chloroethene) 1.42E+00 0.4733
Xylenes (0-, m-, p-, mixtures) 9.23E+00 12.3067
SUM 237 161

Highlighted cells are non photoreactive VOCs.
These quantities have been removed from the sum.
Including them results in a sum value of 169 ppm.
Acrylonitrile tests were below detection limit.



References

EPA. 2008a. Fifth Edition, Volume I, Chapter 2.4 Municipal Solid Waste Landfills.
www.epa.gov/ttn/chief/ap42/ch02/index.html.

EPA. 2008b. Background Information Document for Updating AP42 Section 4.2 for Estimating
Emissions from Municipal Solid Waste Landfills. EPA/600/R-08-116.

EPA. 1997. Public Participation Procedures for EPA’s Emissions Estimation Guidance
Materials. EPA-454/R-94-022.

WIAC. 2000. Letter to Roy Huntley on Preliminary Data on Non-Methane Concentrations in
Landfill Gas. May 9, 2000.



List of Technical Literature

Abichou, T., Chanton, J., Powelson, D., Fleiger, J., Escoriaza, S., Lei, Y., Stern, J. 2006a.
Methane flux and oxidation at two types of intermediate landfill covers. Waste Management
26(11), 1305-1312.

Abichou, T., Powelson, D., Chanton, J., Escoriaza, S., Stern, J. 2006b. Characterization of
methane flux and oxidation at a solid waste landfill. Journal of Environmental Engineering
132(2), 220-228.

Ahn, Y.M., Park, J.-R., Nam, K., Kim, J.Y. 2002. A biological barrier for the removal of
methane from solid waste landfills. In: A.R. Gavaskar and A.S.C. Chen (Eds), Remediation
of Chlorinated and Recalcitrant Compounds. Proceedings of the third international
conference on remediation of chlorinated and recalcitrant compounds. Monterey, CA, USA,
May 2002. ISBN 1-57477-132-9.

Barlaz, M.A., Green, R.B., Chanton, J.P., Goldsmith, C.D., Hater, G.R., 2004. Evaluation of a
biologically active cover for mitigation of landfill gas emissions. Environmental Science and
Technology 38, 4891-4899.

Bergamaschi, P., Lubina, C., Konigstedt, R., Fischer, H., Veltkamp, A.C., Zwaagstra, O., 1998.
Stable isotopic signatures (delta C-13, delta D) of methane from European landfill sites.
Journal of Geophysical Research-Atmospheres 103, 8251-8265.

Berger, J., Fornés, L.V., Ott, C., Jager, J., Wawra, B., Zanke, U. 2005. Methane oxidation in a
landfill cover with capillary barrier. Waste Management 25, 369-373.

Bergman H., Jacobsson, A., Lagerkvist, A., 1993. Investigations regarding biofilters for methane
oxidation in landfill top covers. In: Christensen, T. H., Cossu, R., Stegmann, R. (Eds.),
Proceedings Sardinia “93. Fourth International Landfill Symposium, CISA, Environmental
Sanitary Engineering Centre, Cagliari, Italy, pp. 717 — 727.

Boeckx, P., Van Cleemput, O., 1996. Methane oxidation in a neutral landfill cover soil:
Influence of moisture content, temperature and nitrogen-turnover. Journal of Environmental
Quality 25 (1), 178-183.

Boeckx, P., Van Cleemput, O., Villaralvo, 1., 1996. Methane emission from a landfill and the
methane oxidising capacity of its covering soil. Soil Biology and Biochemistry 28, 1397-
1405.

Bogner, J., M. Abdelrafie Ahmed, C. Diaz, A. Faaij, Q. Gao, S. Hashimoto, K. Mareckova, R.
Pipatti, T. Zhang, 2007. Waste Management. In Climate Change 2007: Mitigation.
Contribution of Working Group III to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change [B. Metz, O.R. Davidson, P.R. Bosch, R. Dave,
L.A. Meyer, (eds.)]. Cambridge University Press, Cambridge, UK and New York, NY USA.

Bogner J., Spokas, K., Chanton, J., Powelson, D., Fleiger, J., Abichou, T., 2005. Modeling
landfill Methane Emissions from Biocovers: A combined theoretical-empirical Approach. In:
Proceedings Sardinia ‘05. Tenth International Waste Management and Landfill Symposium,
3 — 7 October 2005, CISA, Environmental Sanitary Engineering Centre, Cagliari, Italy.

Bogner, J.E., Matthews, E., 2003. Global Methane Emissions from Landfills: New Methodology
and Annual Estimates 1980-1996. Global Biogeochemical Cycles 17 (2); Art. No. 1065, Jun
10.

Bogner, J.E., Sass, R.L., Walter, B.P., 2000. Model comparisons of methane oxidation across a
management gradient: Wetlands, rice production systems, and landfill. Global
Biogeochemical Cycles 14, 1021-1033.



Bogner, J., Spokas, K., Burton, E., 1999. Temporal variations in greenhouse gas emissions at a
midlatitude landfill. Journal of Environmental Quality 28, 278-288.

Bogner, J. E., Spokas, K.A., Burton, E.A., 1997a. Kinetics of Methane Oxidation in a Landfill
Cover Soil: Temporal Variations, a Whole-Landfill Oxidation Experiment, and Modeling of
Net CH4 Emissions. Environmental Science and Technology 31, 2504-2514.

Bogner, J., Meadows, M., Czepiel, P., 1997b. Fluxes of methane between landfills and the
atmosphere: natural and engineered controls. Soil Use and Management 13, 268-277.

Bogner, J., Spokas, K., Niemann, M., Niemann, L., Baker, J., 1997c. Emissions of non-methane
organic compounds at the Greene Valley Landfill, DuPage County, Illinois: Preliminary
Field Measurements. In: Christensen, T. H., Cossu, R., Stegmann, R. (Eds.), Proceedings
Sardinia '97. Seventh International Landfill Symposium, CISA, Environmental Sanitary
Engineering Centre, Cagliari, Italy, vol. IV, pp. 127-138.

Bogner, J.E., Sweeney, R., Coleman, D., Huitric, R., Ririe, G.T., 1996. Using Isotopic and
Molecular Data to Model Landfill Gas Processes. Waste Management and Research 14, 367-
376.

Bogner, J., Understanding Natural and Induced Gas Migration Through Landfill Cover Materials
- The Basis for Improved Landfill Gas Recovery, Proceedings 21" Intersociety Energy
Conversion Engineering Conference, Aug. 25-29, 1986, San Diego, California. Proceedings
published by American Chemical Society, Washington, DC, 1986.

Bogner, J. E., Spokas, K.A., Burton, E.A., Sweeney, R., Corona, V., 1995. Landfills as
atmospheric methane sources and sinks. Chemosphere 31, 4119-4130.

Bogner, J., Spokas, K., 1993. Landfill CHy4: rates, fates, and role in global carbon cycle,
Chemosphere 26, 366-386.

Borjesson. G. J. Samuelsson, and J. Chanton. 2007. Methane Oxidation in Swedish Landfills
Quantified with the Carbon Isotope Technique in Combination with an Optical Method for
Emitted Methane, Env. Sci and Tech. 10.1021/es062735, vol 41, 6684-6690.

Borjesson, G. 2001. Inhibition of methane oxidation by volatile sulfur compounds (CH3SH and
CS,) in landfill cover soils. Waste Management and Research 19, 314-319.

Borjesson, G., Chanton, J., Svensson, B.H., 2001. Methane oxidation in two Swedish landfill
covers measured with carbon-13 and carbon-12 isotope ratios. Journal of Environmental
Quality 30, 376-386.

Borjesson, G., Sundh, I, Svensson, B., 2004. Microbial oxidation of CH, at different
temperatures in landfill cover soils. FEMS Microbiology Ecology 48, 305-312.

Borjesson, G., Danielsson, A., Svensson, B. H. 2000. Methane Fluxes from a Swedish Landfill
Determined by Geostatistical Treatment of Static Chamber Measurements. Environmental
Science and Technology 34 (18), 4044-4050.

Borjesson G., Sundh, 1., Tunlid, A., Frostegard, A., Svensson, B.H., 1998a. Microbial oxidation
of CH4 at high partial pressures in an organic landfill cover soil under different moisture
regimes. FEMS Microbiology Ecology 26, 207-217.

Borjesson G., Sundh I., Tunlid A. and Svensson B. H., 1998b. Methane Oxidation in Landfill
Cover Soils as Revealed by Potential Oxidation Measurements and Phospholipid Fatty Acid
Analyses. Soil Biology and Biochemistry 30, 1423-1433.

Borjesson, G., 1997. Methane oxidation in Landfill Cover Soils. Doctoral Thesis, Sweedish
University of Agricultural Sciences, Uppsala, Sweden.

Borjesson, G., Svensson, B., 1997b. Seasonal and diurnal methane emissions from a landfill and
their regulation by methane oxidation. Waste Management and Research 15, 33-54.



Cabral, A.R., Arteaga, K., Rannaud, D., Ait-Benichou, S., Pouét, M-F., Allaire, S., Jugnia, L.,
Greer, C. 2007. Analysis of methane oxidation and dynamics of methanotrophs within a
passive methane oxidation barrier. In: Proceedings Sardinia “07. 11th International Waste
Management and Landfill Symposium, 1 — 5 October 2007, CISA, Environmental Sanitary
Engineering Centre, Cagliari, Italy.

Cabral, A.R., Tremblay, P., Lefebvre, G. 2004. Determination of the Diffusion Coefficient of
Oxygen for a Cover System Composed of Pulp and Paper Residues. ASTM Geotechnical
Testing Journal 27(2), 184-197.

Chan, A.S.K., Parkin, T. B., 2000. Evaluation of potential inhibitors of methanogenesis and
methane oxidation in a landfill cover soil. Soil Biology and Biochemistry 32, 1581-1590.
Chandrakanthi, M., Hettiaratchi, J.P.A., 2005. Performance of field-scale methanotrophic
biofilters (MBFs) used to control point-source methane emissions: A numerical modeling
approach. In: Proceedings Sardinia “05. Tenth International Waste Management and Landfill
Symposium, 3 — 7 October 2005, CISA, Environmental Sanitary Engineering Centre,

Cagliari, Italy.

Chanton, J. P. , D. K. Powelson, R. B. Green. 2009. Methane Oxidation in Landfill Cover Soils,
is a 10% Default Value Reasonable? Journal of Environmental Quality, 38:654-663.

Chanton, J.P., Powelson, D.K., Abichou, T., Hater, G., 2008. Improved field methods to quantify
methane oxidation in landfill cover materials using stable carbon isotopes. Environmental
Science and Technoloy 42, 665-670.

Chanton, J., Liptay, K., 2000. Seasonal variation in methane oxidation in landfill cover soils as
determined by an in situ stable isotope technique. Global Biogeochemical Cycles 14, 51-60.

Chanton, J. P., Rutkowski, C.M., Mosher, B.M., 1999. Quantifying methane oxidation from
landfills using stable isotope analysis of downwind plumes. Environmental Science and
Technoloy 33, 3755-3760.

Christensen, T.H., Kjeldsen, P., 1995. Landfill emissions and environmental impact: An
introduction. In: Christensen, T. H., Cossu, R., Stegmann, R. (Eds.), Proceedings Sardinia
‘95. Fifth International Landfill Symposium, CISA, Environmental Sanitary Engineering
Centre, Cagliari, Italy, vol. IIL. p. 3-12.

Christensen, T.H., Kjeldsen, P., Lindhardt, B., 1996. Gas-Generating Processes in Landfills. In:
Christensen, T.H., Cossu, R., Stegmann, R. (Eds.), Landfilling of Waste: Biogas. E & FN
Spoon, London, pp. 27-50.

Christensen, T.H., Kjeldsen, P., Stegmann, R., 1992. Effects of landfill management procedures
on landfill stabilization and leachate and gas quality. Chapter 2.7 in:. Christensen, T.H.,
Cossu, R., Stegmann, R. (eds.), Landfilling of waste: leachate. Elsevier Applied Science.
London, UK. pp. 119-137.

Christensen, T.H., Kjeldsen, P. 1989. Basic biochemical processes in landfills. In: Christensen,
T.H., Cossu, R., Stegmann, R. (eds.), Sanitary landfilling. Process, Technology and
environmental impact. Academic Press. London, GB. pp. 29-49.

Christophersen, M., Holst, H., Chanton, J., Kjeldsen, P., 2001a. Lateral Gas Transport in Soil
adjacent to an Old Landfill: Factors Governing Emission and Methane Oxidation. Waste
Management and Research. 19, 595-612.

Christophersen, M., Kjeldsen, P., 2001b. Lateral gas transport in soil adjacent to an old landfill:
factors governing gas migration. Waste Management & Research 19 (2), 144-159.



Christophersen, M., Lindergd, L., Jensen, P.E., Kjeldsen, P., 2000. Methane Oxidation at Low
Temperatures in Soil Exposed to Landfill Gas. Journal of Environmental Quality 29, 1989-
1997.

Croft B., Emberton, R., 1989. Landfill gas and the oxidation of methane in soil. The Technical
Aspects of Controlled Waste Management, Department of the Environment, Wastes
Technical Division, Research Report No. CWM 049/89.

Czepiel, P.M., Shorter, J.H., Mosher, B., Allwine, E., McManus, J.B., Harriss, R.C., Kolb, C. E.,
Lamb, B.K., 2003. The influence of atmospheric pressure on landfill methane emissions.
Waste Management 23, 593-598.

Czepiel, P., Mosher, B., Harriss, R., Shorter, J.H., McManus, J.B., Kolb, C.E., Allwine, E.,
Lamb. B., 1996a. Landfill CH4 emissions measured by enclosure and atmospheric tracer
methods, Journal of Geophysical Research 101, 16711-16719.

Czepiel, P.M., Mosher, B., Crill, P.M., and Harriss, R.C. 1996b. Quantifying the effect of
oxidation on landfill methane emissions. Journal of Geophysical Research 101, 16721-
16729.

Dammann, B., Streese, J., Stegmann, R., 1999. Microbial oxidation of methane from landfills in
biofilters. In: Christensen, T. H., Cossu, R., Stegmann, R. (Eds.), Proceedings Sardinia ‘99.
Seventh International Waste Management and Landfill Symposium. CISA, Environmental
Sanitary Engineering Centre, Cagliari, Italy, vol. II, pp. 517-524.

De Visscher, A., Boeckx, P., Van Cleemput, O., 2007. Artificial Methane Sinks. In: Reay D.,
Hewitt, N., Grace, J., Smith, K. (eds) Greenhouse Gas Sinks. CABI Publishing. pp. 184-200.

De Visscher, A., De Pourcq, 1., Chanton, J. 2004. Isotope fractionation effects by diffusion and
methane oxidation in landfill cover soils. Journal of Geophysical Research-Atmospheres 109
(D18), D18111 sep 23.

De Visscher, A., Van Cleemput, O., 2003a. Induction of enhanced CH, oxidation in soils: NHy4"
inhibition patterns. Soil Biology and Biochemistry 35, 907-913.

De Visscher, A., Van Cleemput, O., 2003b. Simulation model for gas diffusion and methane
oxidation in landfill cover soils. Waste Management 23, 581-591.

De Visscher, A., Schippers M., Van Cleemput O., 2001. Short-term kinetic response of enhanced
methane oxidation in landfill cover soils to environmental factors. Biology and Fertility of
Soils 33, 231-237.

De Visscher, A., 2001. Modelling of Diffusion and Reaction of CH4 and N,O in Soils. Ph.D.
Thesis, Ghent University, Belgium.

De Visscher, A., Van Cleemput, O., 2000. Modelling moisture and temperature effects on
methane oxidation in soils. In: Van Ham J. et al. (eds) Non-CO, Greenouse Gases: Scientific
Understanding, Control and Implementation, Kluwer Academic Publishers, The Netherlands,
pp. 137-138.

De Visscher, A., Thomas, D., Boeckx, P., Van Cleemput O., 1999. Methane Oxidation in
Simulated Landfill Cover Soil Environments. Environmental Science and Technology 33,
1854-1859.

Dever, S.A., Swarbrick, G.E., Stuetz, R.M., 2007. Passive drainage and biofiltration of landfill
gas: Australian field trial. Waste Management 27, 277-286.

Dever, S. A., Swarbrick, G. E., Stuetz, R. M., 2005. Passive drainage and biofiltration of landfill
gas using recycled waste materials, under Australian conditions. In: Proceedings Sardinia
*05, Tenth International Waste Management and Landfill Symposium, 3 — 7 October 2005,
CISA, Environmental Sanitary Engineering Centre, Cagliari, Italy.



Felske C., 2003. Minimierung von Restgasemissionen aus Siedlungsabfalldeponien durch
Methanoxidation in Deponieabdeckschichten (Minimization of residual emissions from
municipal solid waste landfills by methane oxidation in landfill covers). Doctoral Thesis at
the University Duisburg-Essen, Fachbereich Bauwesen, Schriftenreihe = Forum
Siedlungswasserwirtschaft und Abfallwirtschaft Universitit Essen, Heft 20 (in German).

Figueroa R. A., 1998. Gasemissionsverhalten abgedichteter Deponien - Untersuchungen zum
Gastransport durch Oberfldchenabdichtungen sowie zum mikrobiellen Abbau von Methan
und FCKWs in Rekultivierungsschichten. Hamburger Berichte, Band 13, Technical
University Hamburg-Harburg, Economica Verlag, Bonn 1998.

Figueroa, R. A., 1996. Landfill gas treatmant by biofilters. In: Christensen, T.H., Cossu, R.,
Stegmann, R. (Eds.), Landfilling of Waste: Biogas. E & FN Spoon, London, pp. 535-559.
Figueroa, R. A. 1993. Methane oxidation in a landfill top soils. In: Christensen, T. H., Cossu, R.,
Stegmann, R. (Eds.), Proceedings Sardinia “93. Fourth International Landfill Symposium,

CISA, Environmental Sanitary Engineering Centre, Cagliari, Italy, vol. I, pp. 701-716.

Galle, B., Samuelsson, J., Svensson, B., Borjesson, G., 2001. Measurements of CH, emissions
from landfills using a time correlation tracer method based on FTIR absorption spectroscopy.
Environmental Science and Technology 35 (1), 21-25.

Gebert, J., Grongroft, A., 2006a. Passive landfill gas emission — influence of atmospheric
pressure and implications for the operation of methane oxidising-biofilters. Waste
Management 26, 245-251.

Gebert, J., Grongroft, A., 2006b. Performance of a passively vented field-scale biofilter for the
microbial oxidation of landfill methane. Waste Management 26, 399-407.

Gebert, J., Grongroft, A., 2005. Microbial oxidation of landfill methane in a biofilter system —
passive ventilation and oxygen supply. In: Proceedings Sardinia “05, Tenth International
Waste Management and Landfill Symposium, 3 — 7 October 2005, CISA, Environmental
Sanitary Engineering Centre, Cagliari, Italy.

Gebert, J., 2004. Mikrobielle Methanoxidation im Biofilter zur Behandlung von Rest-Emissionen
bei der passiven Deponieentgasung (Microbial oxidation of methane in biofilters for the
treatment of residual gas emissions on passively vented landfills). Dissertation. Hamburger
Bodenkundliche Arbeiten 55 (in German).

Gebert, J., Grongroft, A., Schloter, M., Gattinger, A., 2004. Community structure in a
methanotroph biofilter as revealed by phospholipid fatty acid analysis. FEMS Microbiology
Letters 240, 61-67.

Gebert, J., Grongroft, A., Miehlich, G., 2003. Kinetics of microbial landfill methane oxidation in
biofilters. Waste Management 23, 609-619.

Haubrichs, R., Widmann, R., 2006. Evaluation of aerated biofilter systems for microbial methane
oxidation of poor landfill gas. Waste Management 26, 408-416.

Hilger, H.A., Cranford, D.F., Barlaz, M.A., 2000b. Methane oxidation and microbial exopolymer
production in landfill cover soil. Soil Biology and Biochemistry 32, 457-467.

Hilger, H.A., Liehr, S.K., Barlaz, M.A., 1999. Exopolysaccharide Control of Methane Oxidation
in Landfill Cover Soil. Journal of Environmental Engineering 125, 1113-1123.

Hilger, H.A., Wollum, A.G., Barlaz, M.A., 2000a. Landfill Methane Oxidation Response to
Vegetation, Fertilization, and Liming. Journal of Environmental Quality 29, 324-334.

Hovde, D.C., Stanton, A.C., Meyers, T.P., Matt, D.R., 1995. CH, emissions from a landfill
measured by eddy correlation using a fast-response diode laser sensor, Journal of
Atmospheric Chemistry, 20, 141-162.



Huber-Humer, M., 2004. Abatement of landfill methane emissions by microbial oxidation in
biocovers made of compost. Doctoral Thesis at the University of Natural Resources and
Applied Life Sciences Vienna, Institute of Waste Management, Vienna 2004.

H.-Humer, M., Lechner, P., 2003. Effect of methane oxidation on the water balance of the
landfill cover and the vegetation layer. In: Proceedings of Sardinia ‘03. Ninth International
Waste Management and Landfill Symposium, CISA Environmental Sanitary Engineering
Centre, Cagliari, Italy.

H.-Humer, M., Lechner, P. 2002. Proper bio-covers to enhance methane oxidation - findings
from a two year field trial, Proceedings from the Solid Waste Association of North America,
25th annual Landfill Gas symposium, Monterey CA, March 25 - 28 2002.

Humer, M., Lechner, P. 2001a. Microorganisms against the greenhouse effect - suitable cover
layers for the elimination of methane emissions from landfills, Proceedings from the Solid
Waste Association of North America, 6th Annual Landfill Symposium, June 18-22, San
Diego, CA, 2001.

Humer, M., Lechner, P. 2001b. Microbial methane oxidation for the reduction of landfill gas
emissions, The journal of solid waste technology and management 27 (3 & 4), November
201, p. 146-151.

Humer, M., Lechner, P., 2001c. Design of a landfill cover layer to enhance methane oxidation —
results of a two year field investigation. In: Christensen, T. H., Cossu, R., Stegmann, R.
(Eds.), Proceedings Sardinia O1. Eight International Waste Management and Landfill
Symposium, CISA Environmental Sanitary Engineering Centre, Cagliari, Italy, vol. II, pp.
541-550.

Humer, M., Lechner, P., 1999a. Alternative approach to the elimination of greenhouse gases
from old landfills. Waste Management and Research, 17, 443-452.

Humer, M., Lechner, P., 1999b. Methane oxidation in compost cover layers on landfills. In:
Christensen, T. H., Cossu, R., Stegmann, R. (Eds.), Proceedings Sardinia 99. Seventh Waste
Management and Landfill Symposium, CISA Environmental Sanitary Engineering Centre,
Cagliari, Italy, vol. III, pp. 403-410.

Ishiwata, N., 1998. Numerical Analysis of Methane Oxidation and Migration in Landfill Cover
Soil. M.Sc. Thesis, Institute of Public Health, Japan (in Japanese).

Jones, H.A., Nedwell, D.B., 1993. Methane emission and methane oxidation in land-fill cover
soil. FEMS Microbiology Ecology 102, 185-195.

Jones, H. A., Nedwell, D.B., 1990. Soil atmosphere concentration profiles and methane emission
rates in the restoration covers above landfill sites: equipment and preliminary results. Waste
Management and Research 8, 21-31.

Kallistova, A.Y., Kevbrina, M.V., Nekrasova, V.K., Glagolev, M.V., Serebryanaya, M.IL.,
Nozhevnikova, A.N. 2005. Methane oxidation in landfill cover soil. Microbiology 74(5),
608-614.

Kettunen, R. H., Einola, J. K. M., Rintala, J. A. 2006. Landfill methane oxidation in engineered
soil columns at low temperature. Water Air and Soil Pollution 177(1-4), 313-334.

Kightley, D., Nedwell, D.B., Cooper, M., 1995. Capacity for methane oxidation in landfill cover
soils measured in laboratory-scale soil microcosms. Applied and Environmental
Microbiology 61, 592-610.



Kjeldsen, P. Fredenslund, A.M., Scheutz, C., Lemming, G. 2007. Engineered Biocovers -
Passive Mitigation Systems for Landfill gas: Status for the demonstration project,
BIOCOVER. In: Lechner, P.(Ed.): Waste matters. Integrated Views, 2nd BOKU Waste
Conference, pp. 133-142.

Kjeldsen, P., Dalager, A., Broholm, K., 1997. Attenuation of methane and non methane organic
compounds in landfill gas affected soils. Journal of Air and Waste Management Association
47, 1268-1275.

Kjeldsen, P., 1996. Landfill gas migration in soil. Chapter 3.1 in:. Christensen, T.H., Cossu, R.,
Stegmann, R. (eds.), Landfilling of waste: Biogas. E. & FN Spon. London, GB.

Kjeldsen, P., Fischer, E.V., 1995. Landfill gas migration — Field investigations at Skellingsted
landfill, Denmark. Waste Management and Research 13, 467-484.

Laurila, T., Tuovinen, J-P., Lohila, A., Hatakka, J., Aurela, M., Thum, T., Pihlatie, M., Rinne, J.,
Vesala, T., 2005. Measuring methane emissions from a landfill using a cost-effective
micrometeorological method. Geophysical Research Letters, 322, 1.19808.

Liptay, K., Chanton, J., Czepiel, P., Mosher, B., 1998. Use of stable isotopes to determine
methane oxidation in landfill cover soils. Journal of Geophysical Research 103, 8243-8250.

Mahieu, K., De Visscher, A., Vanrolleghem, P.A., Van Cleemput, O. 2008. Modelling of stable
isotope fractionation by methane oxidation and diffusion in landfill cover soils. Waste
Management.In press.

Mahieu, K., 2007. Modelling methane oxidation in landfill cover soils using stable isotope ratios.
Doctoral thesis, Ghent University, Belgium.

Mahieu, K., De Visscher, A., Vanrolleghem, P.A., Van Cleemput, O., 2006. Carbon and
hydrogen isotope fractionation by microbial methane oxidation: Improved determination.
Waste Management 26, 389-398.

Mahieu, K., De Visscher, A., Vanrolleghem, P.A., Van Cleemput, O., 2005. Improved
quantification of methane oxidation in landfill cover soils by numerical modeling of stable
isotope fractionation. In: Proceedings Sardinia “05. Tenth International Waste Management
and Landfill Symposium, 3 — 7 October 2005, CISA, Environmental Sanitary Engineering
Centre, Cagliari, Italy.

Maurice, C., Lagerkvist, A., 2004. Assessment of the methane oxidation capacity of soil. Waste
Management and Research 22, 42-48.

Maurice, C., Lagerkvist, A. 2003. LFG emission measurements in cold climatic conditions:
seasonal variations and methane emissions mitigation. Cold Regions Science and
Technology 36(1-3), 37-46.

Maurice C., 2001. Bioindication and bioremediation of landfill emissions. Doctoral Thesis, Lulea
University of Technology 2001:29, Department of Environmental Engineering, Division of
Waste Science and Technology.

Mennerich, A., 1986. Oxidation von Deponiegas auf biologischem Wege- Moglichkeiten und
erste Ergebnisse aus Laborversuchen (Biological oxidation of methane- options and first
results from laboratory studies). Miill und Abfall 18: 271-277 (in German).

Morris, J., Effects of Waste Composition on Landfill Processes under Semi-arid Conditions, PhD
Thesis, Faculty of Engineering, University of the Witwatersrand, Johannesburg, S. Africa,
2001

Mosher, B. W., Czepiel, P., Harriss, R., Shorter, J., Kolb, C., McManus, J.B., Allwine, E., Lamb,
B., 1999. CH; Emissions at nine landfill sites in the northeastern United States.
Environmental Science and Technology 33 (12), 2088-2094.




Nozhevnikova, A.N., Lifshitz, A.B., Lebedev, V.S., Zavarin G.A., 1993. Emissions of CH;4 into
the atmosphere from landfills in the former USSR. Chemosphere, 26, 401-417.

Park, J.-R., Moon, S., Ahn, Y.M., Kim, J.Y., Nam, K. 2005. Determination of environmental
factors influencing methane oxidation in a sandy landfill cover soil. Environmental
Technology 26, 93-102.

Park, S.Y., Brown, K.W., Thomas, J.C., 2004. The use of biofilters to reduce atmospheric
methane emissions from landfills: Part 1. Biofilter design. Water Air and Soil Pollution 155,
63-85.

Park, S., Brown, K.W., Thomas, J.C., 2002. The effect of various environmental and design
parameters on methane oxidation in a model biofilter. Waste Management Research 20, 434—
444,

Pawtowska M.,Stepniewski W., Czerwinski J., 2003. The effect of texture on methane Oxidation
Capacity in a Sand Layer-a model laboratory study. In: Pawlowski, L., Dudzinska, M.R.,
Pawtowski, A., Environmental Engineering Studies. Polish Research on the way to the EU,
Kluwer Academic/Plemun Publishers, New York.

Poulsen, T.G., Christophersen, M., Moldrup, P., Kjeldsen, P., 2001. Modeling lateral gas
transport in soil adjacent to old landfill. Journal of Environmental Engineering 127, 145-153.

Powelson, D.K., Chanton, J., Abichou, T., Morales, J. 2006. Methane oxidation in water-
spreading and compost biofilters. Waste Management & Research 24, 528-536.

Rannaud, D., Cabral, A.R., Allaire, S., Lefebvre, R. et Nastev, M., 2007. Migration d’oxygene et
oxidation du methane dans les barriers d’oxydation passive installées dans les sites
d’enfouissement. Comptes rendus de la 60e Conférence géotechnique canadienne, Ottawa,
21-24 Oct., 2007.

Scharff, H., Oonk, H., Vroon, R., Van der Sloot, H. A., Van Zomeren, A., Hensen, A., 2003.
Verbesserte Methanoxidation durch Zwangsbeliiftung unter einer Deponieabdeckung.
Handbuch der Altlastensanierung 32, 2nd edition.

Scheutz, C., Bogner, J., Chanton, J.P., Blake, D., Morcet. M., Aran, C., Kjeldsen, P., 2008.
Atmospheric emissions and attenuations of non-methane organic compounds in cover soils at
a French landfill. Waste Management. In press.

Scheutz, C.; Pedersen, G.B., Kjeldsen, P. 2008a. Biodegradation of methane and halocarbons in
simulated landfill biocover systems containing compost materials. Submitted to
Environmental Science and Technology 2008.

Scheutz, C., Kjeldsen, P., 2005. Biodegradation of Trace Gasses in Simulated Landfill Soil
Cover. Journal of the Air and Waste Management Association. 55, 878-885.

Scheutz, C., Kjeldsen, P., 2004. Environmental Factors Influencing Attenuation of Methane and
Hydrochlorofluorocarbons in Landfill Cover Soils. Journal of Environmental Quality, 33, 72-
79.

Scheutz, C., Mosb&k, H. and Kjeldsen, P., 2004. Attenuation of Methane and Volatile Organic
Compounds in Landfill Soil Covers. Journal of Environmental Quality, 33, 61-71.

Scheutz, C., Bogner, J., Chanton, J., Blake, D., Morcet, M., Kjeldsen, P., 2003. Comparative
Oxidation and Net Emissions of Methane and Selected Non-Methane Organic Compounds in
Landfill Cover Soils. Environmental Science and Technology, 37, 5150-5158.

Scheutz, C., Kjeldsen, P., 2003. Capacity for Biodegradation of CFCs and HCFCs in a Methane
Oxidative Counter-Gradient Laboratory System Simulating Landfill Soil Covers.
Environmental Science and Technology, 37, 5143-5149.



Spokas, K., Bogner, J., Chanton, J.P., Morcet, M., Aran, C., Graff, C., Moreau-Le Golvan, Y.,
Hebe, 1. (2006) Methane mass balance at three landfill sites: What is the efficiency of capture
by gas collection systems? Waste Management 26 (5): 516-525.

Spokas, K., C. Graff, M. Morcet, and C. Aran, 2003. Implications of the spatial variability of
landfill emission rates on geospatial analyses. Waste Management 23, 599-607.

Stein, V.B., Hettiaratchi, J.P.A., Achari, G., 2001. Numerical model for biological oxidation and
migration of methane in soils. Practice Periodical of Hazardous Toxic and Radioactive Waste
Management 5, 225-234.

Stern, J.C., Chanton, J., Abichou, T., Powelson, D., Yuan, L., Escoriza, S., Bogner, J., 2007. Use
of a biologically active cover to reduce landfill methane emissions and enhance methane
oxidation. Waste Management 27, 1248-1258.

Straka, F., Crha, J., Musilova, M., Kuncarova, M., 1999. LFG - Biofilters on old landfills. In:
Christensen, T. H., Cossu, R., Stegmann, R. (Eds.), Proceedings Sardinia 1999. Seventh
International Waste Management and Landfill Symposium, CISA, Environmental Sanitary
Engineering Centre, Cagliari, Italy, vol. II, pp. 507-516.

Streese J., 2005. Abbau von Methan in aktiv durchstromten Biofiltern (Degradation of methane
in actively vented biofilters). Doctoral Thesis at the University of Hamburg-Harburg,
Hamburger Berichte zur Abfallwirtschaft 25, Verlag Abfall aktuell, Hamburg 2005.

Streese J., Stegman, R., 2003. Microbial oxidation of CH4 from old landfills in biofilters. Waste
Management 23, 573-580.

Swarbrick, G. E., Dever, S. A., Annett, L., 2005. Landfill gas bioremediation using methane
oxidation in a permeable reactive wall. In: Proceedings Sardinia “05. Tenth International
Waste Management and Landfill Symposium, 3 — 7 October 2005, CISA, Environmental
Sanitary Engineering Centre, Cagliari, Italy.

Trégoures, A., Beneito, A., Berne, P., Gonze, M.A., Sabroux, J.C, Pokryszka, Z., Savanne, D.,
Tauziede, C., Cellier, P., Laville, P., Milward, R., Arnaud, A., Levy, F., Burkhalter, R., 1999.
Comparison of seven methods for measuring methane flux at a municipal solid waste landfill
site. Waste Management and Research 17, 453-458.

Wilshusen, J.H., Hettiaratchi, J.P.A., De Visscher, A., Saint-Fort, R., 2004a. Methane oxidation
and formation of EPS in compost: Effect of oxygen concentration. Environmental Pollution
129, 305-314.

Wilshusen, J. H., Hettiaratchi, J. P. A., Stein, V. B., 2004b. Long-term behaviour of passively
aerated compost methanotrophic biofilter columns. Waste Management 24, 643-653.

Wise M.G., McArthur, J.V., Shimkets, J.L., 1999. Methanotroph diversity in landfill soil:
Isolation of novel type I and type II methanotrophs whose presence was suggested by
culture-independent 16S ribosomal DNA analysis. Applied and Environmental Microbiology
65, 4887-4897.

Yamada, M., Ishiwata, N. Inoue, Y., Ohsako, M., Tanaka, M., 1998. Numerical analysis of
methane oxidation and migration in landfill cover soil. In: Proceedings of the Second Joint
Conference of Korean Society of Waste Management and Japan Society of Waste
Management Experts, Seoul, Korea, pp. 81-84.

Zeiss, C.A. 2006. Accelerated methane oxidation cover systems to reduce greenhouse gas
emissions from MSW landfills in cold-semi-arid regions. Water, Air, and Soil Pollution 176,
285-306.



