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Abstract This paper aims at a better understanding of
methane oxidation under conditions that are represent-
ative of landfill cover soils. The kinetics of methane ox-
idation were studied in landfill cover soils that had
been exposed to high methane mixing ratios. This was
done in batch experiments, under various environmen-
tal conditions. Vmax increased exponentially with tem-
perature in the range 5–35 7C, with a Q10 value of 2.8.
Km increased approximately linearly in this range from
1.2 mM to 7 mM. Consequently, the influence of tem-
perature on methane consumption was more pro-
nounced at high concentrations than at low concentra-
tions. The inhibition by ammonium of methane con-
sumption was much stronger after 6–7 months of expo-
sure to high methane mixing ratios than after 5–7
weeks of exposure, indicating that there was a shift of
dominating methanotrophic species in soils after long
exposure times. Additions of nitrifying sludge or com-
post to soils initially inhibited methane oxidation, fol-
lowed by a stimulation after a few days.
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Introduction

Methane (CH4) is an important greenhouse gas, contri-
buting around 15–20% to the greenhouse effect (IPCC
1996). Soils can oxidize atmospheric CH4 microbially,
with a global sink strength of about 6% of the global
CH4 emission (Crutzen 1991). In some environments,
such as landfill cover soils, CH4 is oxidized efficiently,
because high CH4 mixing ratios lead to enhanced CH4

oxidation (Kightley et al. 1995; Schnell and King 1995;
Bogner et al. 1997). Methane oxidation rates were
found to depend on moisture and temperature (Whalen
et al. 1990; Boeckx et al. 1996), nitrogen input (Mosier
et al. 1991; Hütsch et al. 1993), soil amendments
(Boeckx and Van Cleemput 1996; De Visscher et al.
1999), soil tillage (Hütsch 1998) and the presence of
copper (Leak and Dalton 1986; Graham et al. 1993).

In past research, two methods were generally used
to study the response of methanotrophs to environmen-
tal factors. The first method, generally adopted by soil
scientists, is to incubate soil samples under different en-
vironmental conditions, and to compare the CH4 up-
take rates (Bender and Conrad 1994). However, this
method allows a different microbial community to de-
velop at each incubation, so it is not clear whether the
influence observed is a result of physiology or popula-
tion dynamics. The second method, usually adopted by
microbiologists, is to expose microbial cultures to dif-
ferent environmental conditions (Leak and Dalton
1986). In this case, the observed influence is certainly
physiological, but the microbial strains are not neces-
sarily the same ones dominant in situ. Furthermore,
some environmental factors, such as mineral nitrogen
concentration, may not be representative of in situ con-
ditions. A compromise between the two approaches has
been the use of soil slurries (Megraw and Knowles
1987).

The aim of this study was to investigate the physio-
logical response to environmental factors of a soil eco-
system that is representative of a landfill cover soil. The
procedure was as follows: soil was incubated in the
presence of CH4 in order to obtain an active methano-
trophic community, samples of this soil were then
transferred to bottles, and CH4 was added. The kinetics
of the CH4 uptake were determined in the bottles un-
der different environmental conditions. Thus, the in-
fluence of the environmental factor was isolated from
possible changes in the composition of soil microbiota,
while preserving the representativeness of the sample.
The influence of temperature, moisture, mineral nitro-
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gen, copper, and sources of microorganisms (compost
and nitrifying sludge) were thus determined.

Materials and methods

Soil characteristics and soil handling

A sandy loamy cover soil was taken from a landfill in Schoten
(Belgium), on the site described by De Visscher et al. (1999). The
soil properties were: 60% sand; 31.6% silt; 8.4% clay; 1.7% car-
bon; particle density 2532 kg m–3; soil pHH2O 6.6. The soil was
air-dried, ground, and rewetted up to 140 g of water/kg air-dried
soil unless indicated otherwise. A week after rewetting, the soil
was incubated in a flow-through system with cylinders, a modifi-
cation of the setup described by De Visscher et al. (1999). In the
present study, a mixture of 5–6% CH4 in air was fed at the bottom
of the cylinders, and no air was fed at the top. The flow rate was
sufficiently high to ensure that the CH4 concentration was almost
constant throughout the column. This was checked using GC
analysis.

Soil analyses

Soil moisture contents were determined gravimetrically, by drying
10 g samples for 48 h at 105 7C. Soil pH was determined in a 1 :2.5
soil–water mixture.

Inorganic N was extracted from 30 g soil samples with 60 ml
2 M KCl under shaking for 1 h and then the soil slurry was fil-
tered. The ammonium (NH4

c) content of the filtrate was deter-
mined acidimetrically after steam distillation. Nitrate (NO3

–) was
determined as NH4

c after reduction with Devarda alloy (Keeney
and Nelson 1982).

Methane oxidation kinetics

Soil samples were taken from the incubation column, the environ-
mental conditions were adjusted to the desired level, and the sam-
ples were transferred to 215-ml incubation bottles. The batch in-
cubation technique described by De Visscher et al. (1999) was
used for the determination of the CH4 oxidation kinetics, but in-
stead of 10–30 g of fresh soil, 80–90 g of fresh soil was incubated
in the bottles. The bottles were sealed with rubber septa and
filled with 20,000 ppm CH4. Methane degradation curves (i.e.,
concentration versus time curves) were obtained by repeatedly
analysing the headspace with GC-FID until the CH4 concentra-
tion was below 50 ppm. In order to assess microbial growth, the
procedure was followed on three consecutive days unless indi-
cated otherwise. Kinetic parameters were obtained by fitting a
computer-simulated time course of the CH4 concentration in the
bottles to the measured concentrations. Michaelis-Menten kine-
tics were fitted to the data, according to the following relation-
ship:

rCH4
pP

Vmax [CH4]
Kmc[CH4]

(1)

with [CH4] representing the CH4 concentration of soil water
(mM). These CH4 concentrations were calculated from the gas-
phase concentrations using the solubility data of Sander (1999).
The difference between the CH4 uptake rates on consecutive days
indicated bacterial growth. This growth was accounted for in the
simulation by means of a growth model.

Experiments were performed in duplicate or triplicate. The
standard deviation was always ~10% for Vmax and ~5% for Km,
except at low temperatures, when Km was about 1,000 ppm in the
gas phase. In this case the standard deviation for Km was around
10%.

In some cases, a first-order term (–k1 [CH4]) was added to the
kinetic Eq. 1 in order to allow for deviations from Michaelis-
Menten kinetics (De Visscher et al. 1999).

Influence of temperature

Soil samples were taken from the flow-through incubation after
6 days of exposure to 5–6% CH4, and transferred to eight bottles.
Two bottles were incubated at each of 5, 15, 25 or 30 7C. After
18 h, a degradation curve was determined at an initial concentra-
tion of 20,000 ppm CH4. The following day, a degradation curve
was determined at an initial concentration of 2,500 ppm CH4.
Subsequently, the incubation temperature of the samples kept at
5, 15 or 30 7C was increased by 5 7C and 18 h later the degradation
curves were determined again.

Moisture content

Soil samples were taken from a flow-through incubation after
7 days, and transferred to bottles after adjustment of the moisture
content. Experiments were performed at moisture contents of 9,
14 and 20% (90, 140 and 200 g water/kgsoil DW). The lowest mois-
ture content was attained by drying soil in an airstream at room
temperature. The highest moisture content was attained by ad-
ding deionized water. Two degradation curves were determined
at initial CH4 concentrations of 20,000 ppm, followed by a de-
gradation curve at 2,500 ppm.

Influence of mineral nitrogen

Soil samples were taken from the flow-through incubation after
34 days. Ammonium was added as NH4Cl (1–5 g N l–1 in aqueous
solution), blanks were prepared by adding equal amounts of
deionized water. The soil samples were transferred to bottles and
degradation curves were determined on three consecutive days,
each time at an initial concentration of 20,000 ppm. A similar ex-
periment was performed with soil taken after 48 days of flow-
through incubation. In this case, however, the initial CH4 concen-
tration in the bottles was 50,000 ppm on three consecutive days.
Similar experiments were performed with soils taken after 176
and 210 days (initial CH4 concentration 30,000 ppm).

In some preliminary experiments, the influence of NO3
– (ad-

ded as NaNO3) was also determined.

Influence of nitrifying sludge and compost

Soil samples were taken from the flow-through incubation after
28 days. Nitrifying sludge (0.5 ml, 1 ml or 2 ml) was added to 90 g
of moist soil, and transferred to bottles. Degradation curves were
obtained on four consecutive days at initial concentrations of
20,000 ppm. The nitrifying culture (ABIL, commercially pro-
duced by Avecom, Beernem, Belgium) was a specific enrichment
of Nitrosomonas species, containing about 1 g of nitrifier biomass
dry weight per liter on a total of 10 g of total solids per liter. It
also contained 100 mg/l NO3

–-N. The specific activity of the bio-
mass was 1 g NH4

c-N nitrified per liter of ABIL per day.
The influence of adding compost from an aerobic fruit, veget-

able and garden waste composting plant on methane oxidation
was investigated. Soil samples were taken from the flow-through
incubation after 20 days. Samples (2, 5 or 10 g) of moist compost
were added to 90 g of moist soil and transferred to bottles.
Degradation curves were obtained on five consecutive days at
initial concentrations of 20,000 ppm. The compost, obtained
from ILVA, Schendelbeke, Belgium, had the following
properties: 420 g moisture/kgcompost DW, 40% organic matter, 2%
total N (C:N 10.7), 480 mg NH4

c-N/kgcompost DW, 130 mg NO3
–-N/

kgcompost DW, pHH2O 8.8. The compost was routinely analysed for
the content of heavy metals, which was necessary for certification
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as a soil amendment. The heavy metal contents were: 0.71 mg Cd
kg–1

compost DW, 16 mg Cr kg–1
compost DW, 39 mg Cu kg–1

compost DW,
0.14 mg Hg kg–1

compost DW, 84 mg Pb kg–1
compost DW, 13.6 mg Ni

kg–1
compost DW, and 220 mg Zn kg–1

compost DW.

Influence of copper content

The copper content of the soil (26 mg Cu2c kg–1
soil DW) was deter-

mined by atomic absorption spectrometry, after extraction with
0.01 M CaCl2. The CH4 oxidation kinetics of this soil (taken after
41 days of flow-through incubation) was compared with the CH4

oxidation kinetics of soil samples to which 26 or 52 mg Cu2c

kg–1
soil DW were added as CuSO4. Degradation curves were deter-

mined on four consecutive days (initial concentration
20,000 ppm).

Influence of incubation time

All experiments were performed with samples taken from the
same flow-through incubation, with the exception of some prelim-
inary experiments on the influence of mineral N, and the experi-
ment on the influence of the moisture content. An unamended
sample was used on each occasion as a control. Consequently, the
CH4 oxidation kinetics of the unamended soil were determined
after 6, 20, 28, 34, 41, 48, 176, and 210 days of flow-through incu-
bation. One additional experiment was performed, after 217 days
of flow-through incubation (initial CH4 concentration
30,000 ppm; two consecutive degradation curves).

Results and discussion

Influence of incubation time

Kinetic experiments with soil samples were performed
after 6, 20, 28, 34, 41, 48, 176, 210, and 217 days of incu-
bation at 5–6% CH4. The values of Vmax were 0.200,
0.213, 0.725, 0.820, 0.552, 0.508, 0.496, 0.288, and
0.445 mmol kg–1

soil DW s–1, respectively. The value of Km

increased from 6 to 10 mM in the liquid phase during
these 217 days (4,000–7,000 ppm in the gas phase). Ap-
parently, after an initial steady state (activity around
0.2 mmol kg–1

soil DW s–1), the soil evolved to a more ac-
tive phase between day 20 and day 28 of the incubation.
A similar phenomenon was found by Kightley et al.
(1995) and De Visscher et al. (1999), and no reasonable
hypotheses to interpret it have been proposed. After
about 5 weeks, the activity started to decrease again.
Hilger et al. (2000) found a similar decrease, and attri-
buted it to the production of exopolymers that clog the
soil pores, or hinder the gas diffusion to the microor-
ganisms.

Influence of temperature

The concentration versus time profiles of all experi-
ments are shown in Fig. 1. The highest activity was
found at 35 7C, the highest temperature tested. This is
somewhat at variance with earlier studies indicating
that the optimum temperature for CH4 oxidation is
near 30 7C or below (Boeckx et al. 1996; Whalen and

Fig. 1 Concentration versus time profiles of batch methane oxi-
dation experiments at different temperatures, and initial methane
concentrations of 20,000 (top) or 2,500 ppm (bottom). Error bars
are standard deviations from experiments on duplicate soil sam-
ples

Table 1 Kinetic parameters of methane consumption in soils at
different temperatures B standard deviations based on measure-
ments on duplicate soil samples. Parameter values were based on
fits to degradation curves in Fig. 1, at 20,000 ppm and 2,500 ppm
initial concentrations. Values of Km are liquid concentrations, cal-
culated from gas concentrations using the solubility data of San-
der (1999)

T ( 7C) Vmax (mmol kg–1
soil DW s–1) Km (mM)

5 0.0233B0.0002 1.18B0.12
10 0.0478B0.0001 2.10B0.24
15 0.0546B0.0001 2.20B0.14
20 0.1069B0.0001 4.20B0.02
25 0.200B0.003 5.60B0.01
30 0.3026B0.0006 6.71B0.10
35 0.503B0.015 7.01B0.31

Reeburgh 1996). However, the short-term (~48 h)
temperature response was investigated in our study.
Exposure to temperatures exceeding 30 7C for longer
periods can lead to a loss of activity due to enhanced
cell decay. Consequently, the temperature optimum de-
pends on the timescale of the experiment.

It is clear from Fig. 1 that the influence of tempera-
ture was stronger at 10,000–20,000 ppm than at
0–3,000 ppm. This can also be seen from the kinetic pa-
rameters. Table 1 shows the values of Vmax and Km that
best fitted the kinetic data (average of measurements
on duplicate soil samples). The kinetic parameters were
within the same range of those reported by Czepiel et
al. (1996) and De Visscher et al. (1999). Both Vmax and
Km increased with temperature. The increase of Vmax

was exponential over the whole temperature range
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(R2p0.989; np7), with a Q10 value of 2.8. This roughly
coincides with an activation energy of 72 kJ mol–1. The
increase in Km was approximately linear. Ignoring the
value at 15 7C, which was below the trend of the other
values, the relationship best fitting the experimental
values of Km was:

Km (mM)p0.143c0.207 T (2)

where T represents the temperature in 7C (R2p0.987;
np6).

If [CH4]~Km, Eq. 1 becomes:

rCH4
pP

Vmax

Km

[CH4] (3)

a first-order equation with a constant rate (Vmax/Km).
At these low concentrations, the reaction rate had a
Q10 of only 1.4 between 10 and 20 7C, and 1.9 between
20 and 30 7C in our experiments. Usually, the [CH4] of
Eq. 3 refers to the gas-phase CH4 concentration. For in-
stance, when [CH4]p1.7 ppm, Eq. 3 yields the reaction
rate of CH4 at its natural concentration in the atmos-
phere (Lessard et al. 1994; Whalen and Reeburgh
1996). In that case, the Q10 values we found at low CH4

concentrations were even lower (1–1.4). This is due to
the temperature dependency of the CH4 solubility in
water.

A concentration-dependent influence of tempera-
ture on CH4 consumption has also been observed by
King and Adamsen (1992) in a pure-culture study with
Methylomonas rubra. They attributed the difference to
mass transfer limitations. If mass transfer resistance is
the cause of the change in Km, then Km should also de-
crease with decreasing moisture level. To check this,
batch experiments at 9% moisture content were
compared with batch experiments at 14% moisture
content. The kinetic parameters were as follows:
Vmaxp0.0239 mmol kg–1

soil DW s–1, Kmp2.24 mM,
k1p0.00143 mmol mM–1 kg–1

soil DW s–1 for the experiment
at 9% moisture content, and Vmaxp0.0289 mmol
kg–1

soil DW s–1, Kmp2.33 mM, k1p0.00188 mmol mM–1

kg–1
soil DW s–1 for the experiment at 14% moisture con-

tent. The activity was lower at 9% moisture content
than at 14% moisture content, likely due to water
stress, but Km was practically the same in both cases,
and the ratio between the first-order term and Vmax was
nearly constant. By substitution of the values of Vmax,
Km and k1 found at 9% moisture content and at 14%
moisture content into:

rCH4
pP

Vmax [CH4]
Kmc[CH4]

Pk1 [CH4] (4)

the CH4 consumption can be calculated as a function of
the CH4 concentration. This is shown in Fig. 2. The
curves are plotted on different scales to eliminate the
effect of water stress, and to allow comparison of the
shapes of the curves. If there was a considerable limita-
tion to mass transfer, the kinetic curve would have re-
sembled a straight line more closely as the soil became

Fig. 2 Methane consumption rate as a function of methane con-
centration, at two moisture levels. Calculations based on parame-
ter values estimated from fits to two degradation curves at initial
methane concentrations of 20,000 ppm and one degradation curve
at initial methane concentration 2,500 ppm

wetter and the mass transfer resistance increased. The
shapes of the curves were nearly identical. It can be
concluded that mass transfer resistances were negligible
in these experiments, and that the Km shift shown in
Table 1 was a physiological response of soil microbiota
to changes in temperature. In natural CH4-rich envi-
ronments, CH4 production decreases with decreasing
temperature (Arah and Stephen 1998; van Hulzen et al.
1999). The decrease in Km may be a survival strategy of
the methanotrophs under such conditions. Similarly,
methanotrophs adapted to long-term incubation with
CH4 (~275 ppm) showed a decrease in Km value (Dun-
field et al. 1999).

Mass transfer limitations were not negligible at a
moisture content of 20%. The CH4 uptake activity was
less than half the activity at 14% moisture content,
whereas the Km value was higher, and the first-order
term was more dominant (Vmaxp0.00732 mmol
kg–1

soil DW s–1, Kmp4.02 mM, k1p0.00095 mmol mM–1

kg–1
soil DW s–1) than at 14% moisture.

Influence of mineral nitrogen

Some preliminary experiments were performed to
study the effect of adding NH4

c and NO3
– to the soil on

CH4 consumption kinetics. These experiments were
performed after 7–14 days of soil exposure to high CH4

mixing ratios, in different flow-through systems. The
length of time between wetting of the soil and incuba-
tion in the flow-through systems was different for each
experiment (between 5 days and several weeks). The
addition of ammonium caused a slight inhibition or a
strong increase in the CH4 oxidation rate (data not
shown). The influence of NO3

– was negligible when the
NH4

caddition inhibited CH4 oxidation, whereas it stim-
ulated the oxidation when this was also increased by
the NH4

c addition (data not shown).
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Fig. 3 Effect of different ammonium contents on batch methane
oxidation by soil after four different times of exposure to high
methane mixing ratios

Table 2 Initial reaction rates of the degradation curves shown in
Fig. 3. The influence of added NH4

c on the methane oxidation
rates was monitored after four different exposure times at 5–6%
CH4

High-CH4

exposure
period (days)

Added ammonium
content
(mg kg–1

soil DW)

Initial CH4

oxidation rate
(mmol CH4 kg–1

soil DW s–1)

34 0 0.61
25 0.56
50 0.50

100 0.52
48 0 0.46

25 0.42
50 0.38

100 0.40
176 0 0.44

25 0.16
210 0 0.26

25 0.10

In order to eliminate this variability, the influence of
NH4

c on CH4 oxidation was studied with samples from
the same flow-through system, after 34, 48, 176, and 210
days of exposure to 5–6% CH4. Figure 3 shows the first
CH4 degradation curve of each experiment. The initial
CH4 oxidation rates are shown in Table 2. After 34
days of exposure, the inhibition was 7% at 25 mg NH4

c-
N kg–1

soil DW, and 15% at 50 and 100 mg NH4
c-N kg–1

soil DW.
Similar results were found after 48 days. After long in-
cubation times, the inhibition by NH4

cwas much strong-
er. Indeed, the inhibition was 65% at 25 mg NH4

c-N
kg–1

soil DW after 176 days of exposure. The inhibition was
nearly the same after 210 days. Thus, the inhibitory ef-
fect of NH4

c increased with incubation time, in spite of
the fact that the moisture content increased as well
(from a value of 15–18% after 34 and 48 days to a value

Fig. 4 Effect of different amounts of nitrifying sludge on batch
methane oxidation by soil. Day 1 was the day on which the sludge
was added; Days 2–4 were the three following days

of 30–33% after 176 and 210 days). Boeckx et al. (1996)
found that the inhibition of CH4 consumption by NH4

c

ions decreased with increasing moisture content.
Therefore, it can be assumed that the inhibition would
have been worse if the water content had not
changed.

The different effects of NH4
caddition on CH4 oxida-

tion were probably due to changes in the composition
of the microbial community with CH4 exposure. Short-
ly after exposing the soil to high CH4 concentration, the
methanotrophic strains that grow fast (or hatch rapidly
out of cysts) dominated. As the methanotrophic com-
munity developed, the mineral N content of the soil de-
creased (De Visscher et al. 1999). After depletion of
the mineral N, only the methanotrophs able to fix N
were still able to grow, thus suppressing strains that
thrived when mineral N was still present.

Influence of nitrifying sludge additions

Figure 4 shows the results of batch CH4 consumption
experiments with added nitrifying sludge, on four con-
secutive days. The initial CH4 oxidation rates are
shown in Table 3. Initially, adding the sludge inhibited
the CH4 consumption. The inhibition increased with in-
creasing amounts of sludge. As time proceeded, the in-
hibition became less pronounced. On day 4, 0.5 ml of
nitrifying sludge added to 90 g of soil dry weight even
stimulated the CH4 consumption slightly.

Nitrifying bacteria are known to oxidize CH4, but
they do not derive energy from it for growth (Bédard
and Knowles 1989). Therefore, it was expected that ad-
ding nitrifying sludge would stimulate CH4 oxidation.
This stimulation did occur, but an inhibitory effect was
apparent as well, especially on the first few days. Am-
monium may well have been the cause of the inhibition.
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Table 3 Initial reaction rates of the degradation curves shown in
Fig. 4. The influence of the amounts of nitrifying sludge (added to
90 g of soil moist weight) on the methane oxidation rate. Day 1
was the day on which the sludge was added; days 2–4 were the
three following days

Time Amount of nitrifying
sludge added (g)

Initial CH4

oxidation rate
(mmol CH4 kg–1

soil DW s–1)

Day 1 0 0.56
0.5 0.39
1 0.40
2 0.26

Day 2 0 0.51
0.5 0.41
1 0.34
2 0.29

Day 3 0 0.63
0.5 0.61
1 0.48
2 0.40

Day 4 0 0.59
0.5 0.59
1 0.50
2 0.39

After the experiments, the soil with 2 ml nitrifying
sludge added contained 15.7 mg NH4

c-N kg–1
soil DW. This

was the only soil still showing a pronounced inhibition
on the fourth day. Indeed, the other soils contained
3–5 mg NH4

c-N kg–1
soil DW.

Influence of compost additions

Similar results were obtained with compost and nitrify-
ing sludge amendments, although the inhibition was
less pronounced with compost (data not shown). In the
first batch experiment, the unamended soil had the
highest CH4 consumption activity. After 5 days, all
amended soils had at least the same CH4 consumption
activity as the unamended soil. The highest activity was
found in the soil amended with 2 g compost fresh
weight (added to 90 g of soil fresh weight). After 5
days, the NH4

c content decreased with increasing
amounts of added compost (10.3 mg NH4

c-N kg–1
soil DW

without compost, 2.2 mg NH4
c–N kg–1

soil DW with 10 g
compost), whereas the pH increased with increasing
amounts of added compost (6.6 without compost, 7.1
with 10 g added compost). Increasing the pH led to an
increasing sensitivity to NH4

c inhibition, because free
NH3 is a stronger inhibitor of CH4 oxidation than the
NH4

c ion (Carlsen et al. 1991). Apparently, under our
experimental conditions, the NH4

c content was de-
creased sufficiently for a reduced inhibition when 2 g of
compost was added to the soil, while the pH increase
was not yet sufficient to increase the sensitivity to NH4

c

inhibition. Since the compost was certified for use as a
fertilizer, it is unlikely that there was any inhibition due
to metal toxicity.

Table 4 Kinetic parameters of methane consumption in soils at
different copper concentrations. Parameter values based on fits to
three degradation curves with initial concentrations 20,000 ppm

Cu2c content
(mg kg–1

soil DW)
Vmax (mmol kg–1

soil DW s–1) Km (mM)

26 0.57 8.1
52 0.58 8.3
78 0.54 8.1

Influence of copper

Table 4 shows the kinetic parameters calculated from
batch experiments performed with three copper con-
tents. Clearly, copper is not the limiting element in our
experiments. When copper is not limiting, CH4 is oxid-
ized to CH3OH by the particulate methane monooxy-
genase (pMMO), whereas in the absence of copper, the
soluble methane monooxygenase (sMMO) is the active
enzyme. The absence of any influence of copper on
CH4 oxidation kinetics in our experiments indicates
that the pMMO was already active at the lowest copper
content, i.e., at 26 mg Cu2c kg–1

soil DW.

Conclusions

In batch experiments, the affinity constant of microbial
methane consumption by soils adapted to high mixing
ratios of methane increased with increasing tempera-
ture. Consequently, methane consumption was more
sensitive to temperature at high mixing ratios than at
low mixing ratios. The effect was a physiological re-
sponse to the temperature change, and did not reflect
mass transfer limitations. The inhibition by ammonium
was hard to assess because it depended on the time of
exposure to high methane mixing ratios. Long exposure
times increased the sensitivity to ammonium inhibition.
Adding nitrifying sludge or compost enhanced the me-
thane consumption after a brief inhibition effect. Ad-
ding copper did not affect the methane consumption ki-
netics, indicating that the particulate methane mono-
oxygenase was the active enzyme in the system.
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