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ABSTRACT

Landfill bio-cover plays a significant role in matie reducing. It inhabits methane-oxidizing
bacteria which reduce methane emissions to the sghwye and supply carbon dioxide for
photosynthesis. Full factorial’@xperimental design using simulation columns veesiucted to
investigate statistically the effects of mixedaatnoisture content, nutrient addition and cover
thickness on the Cfbxidation efficiency through a landfill bio-coveewage sludge modified by
coal ash. The results from all experiment sets slaotivat all factors definitely influence methane
oxidation ability. The Chkloxidation efficiencies were different under digier experimental and
operating conditions. Synthesize the maximum &@tlation efficiency and V(CH the optimal
conditions was 1:1 mixed ratio of coal ash and sgavaludge, added 0.05 mL/g NMS nutrients
to 400 mm thickness in landfill bio-cover which mawoisture content of material reached 40%.
The maximum CHoxidation efficiency and V(CjHwere 88.6% and 0.75 mmol/(kged) under the
optimal conditions. Additionally, the decrease e €CH, concentration and the increase in €0
concentration in the headspace gas were clear atatio that there was CHoxidation process.

Key words:. landfill bio-cover, methane oxidation, mixed ratinoisture content, NMS nutrient,
cover thickness.

INTRODUCTION

Solid waste is delivered to landfills, and then weste is generally spread out, compacted, and
covered with a fresh layer of daily cover soil. Tdmaount of biodegradable waste deposited in
landfills decomposes by microbial action to formimhamethane (Ck50-65%), carbon dioxide
(C0O,35-50%), and water [1,2].It is common knowledget 6@, is green gas which has a bad
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influence on global climate. But contrary to metha@Q formed inside landfills and released
into the atmosphere produces a negligible effecthenenvironment due to the global warming
potential( GWP) of Chlis 23 times that of an equal mass of,@®er a period of 100 years and
atmospheric Chlhas more than doubled in concentrations overasiell50 yeardt is estimated
that CH, will become No.1 green gas which get the heel @ @ 2030[3,4]. Landfill CH
emissions have been cited as one of the anthromogeais releases that can and should be
controlled to reduce global climate change. Neweds methane is the most valuable
component of landfill gas; it can be extracted atitized as a form of energy. For example it
used to generate electricity or fuel in large-sdatelfill. Some small-scale landfill may choose
the simplest disposal option to combustion of ldhdhs. Landfill gas extraction systems and
utilize CH, are an ideal way to reduce landfill gas emissmratmosphere, but are mainly
feasible for large landfill sites and the cost ilweal is high. In order to know how many the
uncontrolled landfill gas emissions, we study @éalandfill in Guangzhou. It treatments about
8000t rubbish every day and collect landfill gas denerate electricity. Our study showed that
the CH, emission rate is 4.93 molfrh in landfill cover soil and the whole emissioncamt of

methane was 0.200" m*/a, which accounted for 11.7 percent of total me¢heollected. The

uncontrolled CH emissions which escape into the atmosphere maifisantly contribute to the
effects of global warming.

When installation of a gas extraction system idficient at large landfill and the methane
production is too low for energy recovery or flayiat small or older landfill, another effective
method to reduce CHemissions from landfill is the use of biologicalver for CH, oxidation
[5].A great quantity of literature has demonstratdiigh oxidation capacity in diverse bio-covers
due to it is rich in microorganism [6-8]. Such asnposts, sewage sludge and aged refuse all
have the capable of oxidizing G9-12].Before this study, the effect of methanedation of 3

bio-covers(sewage sludge modified by coal.aslged refuse and soil) was studied through

simulation columns experiment. The results showednmethane oxidation capacity of sewage
sludge is better than aged refuse and Jdik identification of an acceptable process for the
modification of sewage sludge may provide a solutmthe shortage of landfill cover material,
at the same timat is also an environmentally sustainable sludgatment and disposal methods
for the increasing volume of sludge being produtdan ever-larger number of sewage
treatment plants. Oxidation rate of ¢ldepends on physical properties and environmental
conditions, such as moisture content, organic cantemperature, cover material characteristics
and composition, pH, cover thickness and oxygenceotnations [13-15]This experimental
choose sewage sludge modified by coal ash as labaficover. The maximum efficiency of
CH, oxidation and V(ChH) can be found under the effects of mixed ratiojstuoe content,
nutrient addition, and cover thickness. The devalept trend and impact of each parameter in
landfill bio-cover also examined.

MATERIALSAND METHODS
Experimental materials
Sewage sludge from the Liede sewerage treatmentt ipl&uangzhou, and coal ash provided by
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the Huangpu power plant in Guangzhou. The digesiguydrated sludge had the physical
properties; pH 7.05, 73.32% of water content, 2h72f organic content, and electric
conductivity 1024s/cm.

Experimental design

The capacity of the cover layer to oxidize methaepends on both the physical and the
chemical properties of the bio-cover material. Téwperimental runs were designed as a
four-factor three-level factorial (Table 1).All foparameters chosen were tested at three levels,
low middle and high. The engineering requiremerftosmotic coefficient and compressive
strength for cover material of landfill was lesanh10'cm/s and stronger than 50 kPa. The
osmotic coefficient and compressive strength of esa and sewage sludge in various mixing
ratios were determined, the resulted showed tha&nwhe mixed ratio of coal ash and sewage

sludge are 1:% 1.5:1,the engineering requirements of osmotic coefit and compressive

strength for cover material of landfill site wadisiged. So the mixed ratio of coal ash and
sewage sludge was studied at the levels of 1:5:1.2nd 1.50:1. One of the important factors
influencing methane oxidation was the water contértover material, so the water content was
chosen as second parameters in this study and léwveks were selected to verify the range
reported in the literature [16-17].The levels w288, 30% and 40%. A number of researchers
have investigated the methanotrophic bacteria wprekented in the landfill cover materials can
help convert methane to carbon dioxide [IBhe NMS nutrient solution will accelerate the
growth of these methanotrophic bacteria, so NMSienit was chosen as the third parameter in
this experiment. A liter NMS nutrient solution indes 0.85g NaN§) 0.53g KHPQO,,
2.17gNaHPGQ,, 0.037g MgSQ@ 7H,0, 0.17g KSO4,0.007g CaGl2H,0, 0.5mL 1mol/L HSO,,
11.2 mg FeS@7H0O, 2.5 mg CuSE5HO and 2mL microelement solution. A liter
microelement solution includes 0.204g ZnSMLO, 0.223g MnS@4H,O, 0.062g HBO;,
0.048g NaMo00O,:2H,0, 0.048g CoGl6H,0O and 0.083g KI. The concentration of nutrients was
also studied at three levels: no nutrient addesinD.of nutrient solution/kg of bio-cover and
1.0mL/kg.For the last factor scrutinized, the bawer layer thicknesses were: 200mm thickness,
300mm and 400mm respectively. The experiment redult examining nine combinations of
these four factors across the three levels of each.

Table 1.3%rthogonal table

) ) Moisture Nutrient Cover
Factor Mixed ratio . _
content (%) addition(mL/g) thickness(mm)

1 11 20 0 200
2 1.25:1 30 0.05 300
3 1.50:1 40 0.10 400

Experiment equipment

The development of methane oxidation potential ab-dover was investigated in

laboratory-scale PVC columns. The experiment setap showed in the figure 1.The PVC
column was 1000 mm in length and 150 mm in diamé&ach PVC column had two layers: a
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lower layer which consisted of 200 mm of crushedvgt (20 mm in diameter) as a gas
dispersion layer, in turn, an upper layer which sisted of bio-cover. The perforated plate
(10mm in aperture) angkotextileplaced over the crushed gravel layer which pressbig-cover
to jam gas dispersion.

1.CH,; 2.CGQ, 3. rotor flow meter 4. humidifier 5. crushed grhlayer 6.bio-cover 7.outlet
Fig.1 Apparatusfor the experiments

Table 2. The chemical and physical properties of each material

. moisture organic electrode Electric Loading
Experimental i o _
number content content pH potential conductivity  density
(%) (%) (mV) (us/cm) (g/mL)
1 20.07 10.99 7.82 -52 1124 1.24
2 29.55 14.85 8.31 -83 1003 1.15
3 41.66 13.88 7.85 -66 995 1.21
4 21.23 10.82 7.77 -55 1062 1.01
5 30.75 12.88 8.19 -80 1022 0.99
6 41.15 13.61 8.23 -79 944 1.04
7 19.40 11.92 7.95 -64 1088 1.05
8 30.64 13.92 8.30 -84 1155 1.02
9 39.53 10.51 8.67 -98 1083 1.03

Experimental methods

Sewage sludge modified by coal ash is packed ih ealumn according to factoriaf.3he CH,

and CQ are supplied from two gas cylinder containing 98.pure gas and 99.5% pure gas.
They were mixed in a ratio of 1:1 using rotor flometer. After increasing their humidity by a
humidifier, the gas mixture is injected in eachucoh through the inlet port at a rate of
20mL/min for 60 min, and then the column inlet waghtly closed and never opened again
through the entire experimental period. The conmagion of headspace gas was monitored over
time by taking samples from the outlet, using a tigist 1.0 cni syringe. The Chiand CQ
concentration was direct determined using GC-686@bl chromatograph with hydrogen flame

ionization detector. The gasification chamber terapee is 100C and the detector temperature
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is 150C.The oven temperature is initially kept at’CCand gradually increased to “80at the

speed of 2.5°C/min. The runtime is 5min. Standard gas mixturesrigaknown concentration of
CHsand CQ are used for standard curve.

Sewage sludge modified by coal ash initial moistcoatents was tested, and determined at

105°C for constant weight by electrothermal blowing 8ox (101A-2E, from Shanghai AnTing).
The moisture content of each bio-cover sample vagssted to the level of the experimental

design. Organic content was tested at’60@r constant weight by muffle (SX3-3-10,Hangzhou

ZhuoChi). The pH and electrode potential of eacb-duver were test by pH meter
(Phs-25,Shanghai YingGe). The electric conductiwigis also determined by conductivity
meter(DDB-303A,Shanghai LeiCi). The chemical angsital properties of each material are
showed in the figure 2.

RESULTSAND DISCUSSION

Theresult of orthogonal test

Table 3 shows the maximum Glaxidation efficiency and V(Ck of landfill bio-cover under
different environmental parameters. This would ¢ati® that there was different in methane
oxidation from the materials as a result of varyiclgemical and physical properties. The
maximum CH oxidation efficiency was 81.88% for experimentahg No.3, where mixed ratio
was 1:1, 0.10 mL/g nutrients were added to 400 mmckmhess landfill bio-cover that contained
40% moisture. However the max V(@Hwvas 1.02 mmol/(kged) for experimental runs No.9,
where mixed ratio was 1.50:1, 0.05 mL/g nutrienerevadded to 200 mm thickness landfill
bio-cover that contained 40% moisture. All factdefinitely influence methane oxidation ability
but the degree of influence is the issue. By comgaR of maximum Chloxidation efficiency,
the degree of influence is mixed ratio>nutrientiadd>cover thickness>moisture content. The
optimal conditions were £,D3Bz;where mixed ratio was 1:1, 0.05 mL/g nutrients wedded

to 400 mm thickness landfill bio-cover that coned0% moisture. However, by comparing R
of V(CH,), the degree of influence is cover thickness>miratitb>nutrient addition>moisture
content. The optimal conditions wergA)C,Bz where mixed ratio was 1:1, 0.05 mL/g nutrients
were added to 200 mm thickness landfill bio-covet tcontained 40% moisturBecause the
importance of each target was different, each paramhad various effects on each target,
accordingly optimal condition was different.

Table 3. Lo(3* orthogonal experimental runsand the resulting amylase measurements

Moisture Nutrient Cover Maximum
Run ixed content addition thickness CH, oxidation V(CH4)b
no. atic (%) (mL/g) (mm) efficiency (%} mmol/(kged)
1 11 20 0 200 68.1 0.90
2 11 30 0.05 300 77.3 0.79
3 11 40 0.10 400 81.9 0.58
4 1.25:1 20 0.05 400 56.4 0.49
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5 1.25:1 30 0.10 200 37.6 0.66
6 1.25:1 40 0 300 40.2 0.39
7 1.50:1 20 0.10 300 49.4 0.54
8 1.50:1 30 0 400 56.2 0.45
9 1.50:1 40 0.05 200 63.0 1.02
Maximum CH, oxidation efficiency V(CH)
Ky 227.3 173.9 164.5 168.7 1K 2.27 1.93 1.74 2.58

K, 134.2 171.1 196.7 166.9 2K 1.54 1.90 2.30 1.72
Ks 168.6 185.1 168.9 194.5 3K 2.01 1.99 1.78 1.52

Ky 75.8 58.0 54.8 56.2 1k 0.76 0.64 0.58 0.86

ko 447 57.0 65.6 55.6 2k 0.51 0.63 0.77 0.57

ks 56.2 61.7 56.3 64.8 sk 0.67 0.66 0.59 0.51

R 31.1 4.7 10.8 9.2 R 0.25 0.03 0.19 0.35
(CCHA) t,0— (CCH4) t,i

®Maximum CH oxidation efficiency= (Cens)io is  the CH

(CCH4)t, 0

concentration(%v/v) at the beginning of the expenmm (CCH4)t,iiS the CH concentration

(%v/v) at the end of the experiment.

NcH . : .
P\ eha= dEH . hcHs is the amount of substance of CHonsumptiond is the days of
m

experimentmis bio-cover weight.

80

methane converision/%

1:01 12511 1.50:1 20 30 40 0 0.05 0.10 200 300 400

mixed ratio mositure content/% nutrient addition/mg/L cover thickness/mm

Figurel. The effect of each factor on CH, oxidation efficiency

The effect of each factor on CH,4 oxidation ability

As showed in Table 3, R of mixed ratio is 31.1 whicdicated that the mixed ratio of coal ash
and sewage sludge was a critical physical paranaffessting the Cli oxidation ability. The best
mixed ratio of coal ash and sewage sludge is 1gl{FRand 2). There are a number of possible
reasons for these results. On the one hand, thedmiatio determine grain diameter which
influence the gas vertical spedtdwas studied that using the method of siewwiwen the mixed
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ratio of coal ash and sewage sludge is 1:1, giaimmeter which greater than 0.90mm was 70.1%.
The mixed ratio is 1.50:1, grain diameter whichagee than 0.90mm was 72.0%.But grain
diameter which greater than 0.90mm was only 52.18énrthe mixed ratio is 1.25:1.The larger
grain diameter of material, the faster verticalexp®f gas, then it may be enhance methane
oxidation efficiency. On the other hand, it was wehown that sewage sludge is rich in
microorganism but coal ash is only inert substarnthe, more sewage sludge contained in
bio-cover, the more microorganisms in materiaw#ts clear that increasing microbial activity
can improve methane oxidation efficiency.
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1:01 1.25:1 1.50:1 20 30 40 0 0.05 0.10 200 300 400
mixed ratio mositure content/% nutrient addition/mg cover thickness/mm

Figure2. The effect of each factor on V(CHy)

Results from the R of moisture content (Table Jveh that a minor effect of bio-cover at
various moisture contents and the wetter the natgot the higher methane oxidation (Fig.1
and 2).It was hypothesized that when the moistunetent was low, which led to osmotic
pressure that caused the water from the bactedilsl to flow out and eventually the death of the
microbial population [5]. But when the moisture tamt was high, compressive strength of
material was low. The engineering requirement ahpessive strength for cover material of
landfill was stronger than 50 kPa, so the moisttortent should be under 40%. And higher
moisture affects the movement of gas through thdfithand the microbial growth. So the best
moisture content is 40% in this study.

After reviewing the effect of nutrient on Gldxidation ability (Fig.1 and 2), it was clear that
adding nutrients positively affected the £ékidation ability, but it was not the more thetbet
The CH,oxidation ability was largest when 0.05 mL/g nutteewere added in landfill; however
0.10 mL/g nutrients were added in landfill, the Jdxidation ability dropped. Considering the
largest CH oxidation ability and the lowest cost, the bedtieat addition was 0.05 mL/g in this
study.

Fig.1 and 2 also illustrate the Gldxidation ability for the different layer thickreslt was
indicated that the effect of cover thickness onnttaximum CH oxidation efficiency and V(CH
followed the different trend. The 400mm layer tmeks had the higher maximum oxidation
efficiency than 300mm and 200mm layer thicknesstbuad crosscurrent on V(GH Zhao[19]
reported that the landfill had a larger volume w@f-tover, larger population of methanotrophic
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bacteria and thus greater bacterial activitiegjltieg) in higher CH oxidation efficiency values.
However the higher thickness must occupy more spadecost of landfill. The cover thickness
should meet economic benefit and engineeniaguirements. This study suggests selecting
200mm aglaily cover and 400mm as intermediate cover.

Methane oxidation efficiency in the landfill bio-cover under optimal conditions

From the results of d(3*) orthogonal experimental, the optimal conditiorsswl:1 mixed ratio
added 0.05 mL/g nutrients to 400 mm thickness mdfill bio-cover which made moisture
reached 40%. Figure 3 depicts the changes in CB, and Q concentrations with times under
optimal conditions. Results in Fig.3 illustrate tthiae CH, concentration in the headspace gas
dropped from around 43.9% to 5.0% in 25d and the €@centration increased from 26.6% to
31.4%.The CH oxidation efficiency was up to 88.6%, which highttean Ly(3* orthogonal
experimental results. This indicates that the i from Ly(3*) orthogonal experimental were
optimal for methane oxidation. The decrease inGkR concentration and the increase in O
concentration in the headspace gas were clearatmiicthat there was Ghbxidation process.
Hilger and Humer[6] reported that methanotrophssaom CH and oxidize it to C@and water
for energy vyield.

V/%

Fig.3 Changesin CH4(% Vv/v),CO,(% v/v) and O,(% v/v) concentrations with times under optimal conditions.
CONCLUSION

The amount of methane released at the top of tistewfdl can be reduced on its way through
bio-cover sewage sludge modified by coal ash. is $kudy, the Cldoxidation efficiency was
different under different physical and chemicahadterial and environmental factors. The mixed
ratio of coal ash and sewage sludge, moisture ogntéMS nutrient addition and cover
thickness of material definitely influence methameadation ability. The mixed ratio, NMS
nutrient addition and cover thickness play a sigaiit role in methane oxidation; nevertheless
moisture content is a minor physical parameter ciffg the methane oxidation ability.
Considering the methane oxidation ability, projejuirements and economic benefits of waste
landfill, the optimal conditions was 1:1 mixed cabf coal ash and sewage sludge, added 0.05
mL/g NMS nutrients to 400 mm thickness in landfilb-cover which made moisture content of
material reached 40%. The maximum Cékidation efficiency and V(Ck were 88.6% and
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0.75 mmol/(kged) under this optimal conditiod$e results confirmed the observations from the
simulation experimental program indicating that -bawver should consider physical and
chemical of materials even environmental factor®ugh improved landfill cover design in
order to enhanced methane oxidation abilityetalize the maximum economic benefit
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