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Introduction

To help explosions during underground coal mining, mine sha s
are continuously voiced to adulterate methane released from the coal
con uence to non-combustible attention( generally < 1 v/ v since
the lower ignitable limit of methane is 5( v/ v) in air) [5]. e mine
ventilation air( MVVA) is also released undressed into the atmosphere
causing signi cant hothouse gas emigrations. Methane has an roughly
twenty- one times advanced implicit impact on global warming than
carbon dioxide( on a mass- base in a 100- time time frame) arising
from its advanced molar immersion measure for infrared radiation
and a longer hearthstone time in the atmosphere [6]. On a molecular
base this equals a7.6- times advanced impact of methane. Worldwide
emigrations of methane from coal mining are expansive, estimated
to be over 329 million tonnes( Mt) carbon dioxide- fellow in 2005
with roughly 70 of these methane emigrations released as MVA [7].
Major challenges for MVA methane mitigation are the low methane
attention limiting its utility as an energy source, the high in ow rates(
50 — 500 m3s —1) and the considerable variability of these parameters.
colorful thermal technologies have been considered and while able of
treating MVA, they attract high capital and operating costs and bear
considerable safety measures. Bio Itration technology is a safer and
less precious approach as it utilises microorganisms as biocatalysts
to oxidise methane to carbon dioxide and biomass at ambient
temperature. Methane- oxidising organisms (methanotrophs) do
nowhere and laboriously grow in surroundings where both methane
and either oxygen or indispensable electron acceptors are present(e.g.
soils, lakes, ponds, tips, and coal mine spots). e biology of colorful
methanotrophs has been lately reviewed. Over the once decade, methane
bio Itration technology has garnered considerable attention for the
treatment of e uent feasts generated during tip and beast husbandry
operations, where nicely low gas in ow rates do [8]. still, only limited
perceptivity are available regarding the eventuality of bio Itration for
the junking of methane at the veritably low attention and high in ow
rates of MVA (for a recent review see. Studies of methane junking
with quilting accoutrements similar as polypropylene Raschig rings, a

batch study), glass tubes, mature compost, clay or pine dinghy revealed
fairly slow conversion. Accordingly, large bio Iter volumes may be
needed for MVVA operations. To accommodate large volume bio Iters,
a ordable quilting accoutrements would be needed. At a mine point
the most accessible and a ordable quilting material may be coal [9].
Chakravorty and Forrester (1985) have reported that methanotrophic
microorganisms were suitable to grow on the face of coal as a thin
bio Imand oxidized methane in batch trials. To our current knowledge,
coal has not been utilised preliminarily as a bio Iter quilting material
for microbial methane oxidation. e end of the present study was to
design a laboratory- scale nonstop bio Iter with coal as the quilting
material for methane oxidation at 1(v/ v) — a attention representative
of MVA- in order to estimate whethernon-sterilised coal may serve as
a suitable volition to other quilting accoutrements . Speci ¢ objects
were to cover bio Iter performance over a range of gas in ow rates and
to probe the e ect of inoculation with the methanotrophic bacterium,
Methylosinus sporium. At the end of the trial, the composition of the
mixed bio Im community was analysed to determine the dominant
methanotrophic organism at that time [10].

Material and Methods

Nitrate mineral mariners( NMS) medium, coal quilting and
feasts e nitrate mineral mariners( NMS) medium according to the
German Resource Centre for Biological Material( DSMZ) contained
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per litre 1 g MgSO4.7 H20;0.2 g CaCl2.6 H20;0.004 g Fe( I11) NH4-
EDTA; 1 g KNO3;0.272 g KH2P0O4;0.717 g Na2HPO4.12 H20. is
medium was mixed with 1 ml L- 1 methanol( as fresh carbon source
to accelerate the slow growth of methanotrophs) and0.5 ml L- 1 trace
element result. e trace element result contained( per L)0.5 g Na2-
EDTA;0.2 g FeSO4.7 H20;0.01 g ZnSO4.7 H20;0.003 g MnCl2.4
H20;0.03 g H3B0O3;0.02 g CoCl2.6 H20;0.001 g CaCl2.2 H20;0.002
g NiClI2.6 H20;0.003 g Na2M004.2 H20. e pH of the medium was
acclimated t06.8 with 2 M NaOH. It was also castrated by autoclaving
for 15 twinkles at 15 psi and 121 °C. Bituminous coal, for use as the
bio Iter quilting material, was kindly handed by BHP Billiton(www.
bhpbilliton.com) from the Appin Colliery point in New South Wales,
Australia. Coal characteristics are available in the supplementary
section Data S1. e coal was base using a mortar and pestle and settled
to gain pieces of 2 — 3 cm periphery. Methane with a chastity 0f99.95,
argon with a chastity 0f99.996 and compressed air were attained from
Core Gas, Australia. Bio Iter design and operation Two identical
bio Iters were designed and constructed from acrylic resin( Perspex).
e two bio Iters were packed with unsterilized coal to a bed height
of 22 cm, equating to an empty bed volume 0f3.89 L. e void volume
within the coal bed was0.39 L as determined by lling the airspace in
the quilting with water. Bio Iter 1 was invested with a 100 ml of pureM.
sporium culture mixed with 900 mL of NMS. Bio lter 2 was drenched
with 1 L of sterile NMS alone( i.e. noM. sporium). therefore both
bio Iters contained microbes that naturally passed on the coal quilting
and bio lIter 1 also containedM. sporium. e coal beds were le to
soak in their separate media for 24 hours a er which the redundant
liquid was drained. A humidi ed methane and air gas sluice( 1( v/ v)
methane in air at0.2 L/ min) was also continuously passed through
each bio Iter. moisture was handed to help the coal bed from drying
out. Sterile NMS medium( 2 L) was added via the top of each bio Iter
every three days, the drain was opened a er 10 min and the medium
was also recirculated doubly and drained again so that only a liquid
Im remained on the shells to feed the microbes. Gas analysis and
determination of bio lter performance Methane and carbon dioxide
attention in the two bio Iter bay and exit aqueducts were determined
using a Shimadzu GC- 8A gas chromatograph( GC) equipped with a
thermal conductivity sensor. Separation was achieved using an Alltech
Hayesep DB100/120 column with helium as the carrier gas. To assess
whether methane junking began from microbial action or system
leakage, one hour before analysis argon( 1( v/ v)) was introduced to the
gas sluice entering the bio Iter asan inert internal standard. A cold trap
was used to remove moisture from the gas sluice previous to injection
into the GC. Analyses were performed in triplet every three days with
attention determined relative to the internal argon standard grounded
on peak areas. Bio lter performance was estimated on the base of empty
bed volume to grease comparison with other studies. Methane bay
cargo( IL), methane junking e ectiveness( sha ), methane elimination
capacity( EC), and carbon dioxide product rate( PCO2) were calculated
using the equations listed.

Discussion

e current study highlights the implicit operation of coal- packed
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