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Effect of leachate recycle and inoculation on microbial
characteristics of municipal refuse in landfill bioreactors
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Abstract: Population development of key groups of anaerchic and aerobic bacteria involved in municipal refuse decomposition under laboratory
landfill bioreactors with and without eachate recycle and innculation was measured since modeling municipal refuse was Jandfilled in bioreactors
for about 210 days. Hydrolytic fermentative bacteria ( HFB), hydrogen-producing acetogenic bacteria ( HPAB), methane- producing bacteria
(MPB}, sulfate-reducing bacteria {SRB), anaerobic and serobic cellulolytic bacteria and denitrabacteria were enumerated by the most probable
number technique. The results showed that the dominant micreorganism groups were the methanogenic bacteria including hydmlytic
fermentative, hydrogen-producing acetogenic and methane-producing bacteria. They were present in fresh refuse but at low values and positively
affected by leachate recyele and refuse inoculation. The amounts of HFB or HPAB in digesters D4 and D5 operated with inoculation and
leachate recycle reached their maximum values of 10'° — 10'? cells/g dry refuse for HFB or 10° — 10° cells/g dry refuse for HPAB on day 60, in
digester D3 operated with leachate recycle on day 120 for HFB (10” celis/g dry refuse} or on day 90 for HPAB {10° cells/g dry refuse), and
in digesters D1 and D2 an day 210 for HFB (10° cells/g dry refuse) or on day 90 for HPAB (10* - 10° cells/g dry refuse). The population of
methane-producing bacteria in digesters D4 and D5 sharply increased on days 60 and 90 respectively, however in digesters D1, D2 and D3 on
day 120 Leachate recycle and inoculation changed the cellulolytic microorganisms composition of refuse ecosystem, the higher amounts of
anserchic cellulolytic bacteria were measured in digesters D4 and D5 (107 cells/g dry refuse), followed by digesters D3 (10° cells/g dry
refuse) , D2 or DI{10" cells/g dry refuse). However, the amounts of aerohic cellulolytic bacterin were much lower than that of anaerohic
cellulolytic bacteria. And it was higher in digester D3 than those in digesters D1, D2, D4 and D5. The amounts of SRB and denitrabacteria
were also higher in digester D5 than those in digesters D1, D2, D3 and D4. Refuse decomposition could be accelerated by leachate recycle and
inoculation in the view of microorganism development.
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Introduction

The disposal of waste to landfill is the dominant method of disposal for domestic and most other waste sireams . However,
non landfilling which has previously been the method of choice for many cities is at a crisis point for the reasens of shorter life,
space availability, cost and pollution, in particular, landfilling of domestic solid waste gives rise to a highly polluting liquor
known as leachate. The attainment of sustainable waste management, and the development of sustainable landfilling practices
will be an important step in sustainable development recognizes.

Understanding the microbiological processes occurring in landfill site is of paramount importance both to controlling
pollution problems resulting from the accumulation of carboxylic acids and inorganic ions and to the commercial exploitation of
landfill bioreactors {Jones, 1983; Baraz, 1989} . Substrate decomposition to methane in sanitary landfill follows the patterns
established for habitats such as sediments ( Abram, 1978), sludge digestion and the rumen, can be regarded as being
concerned first with hydrolysis and fermentation of polymers such as starch, protein, cellulose, hemicellulose and lignin to
volatile fatty acids (Bryant, 1977} . In the absence of nitrale and sulphate, the terminal products of refuse decomposition are
carbon dioxide and methane, which represents a usable but underutilized source of energy, but research on enhancement of
methane production has not led to an understanding of refuse decomposition adequate to predict and increase methane yields in
sanitary landfills (Barlaz, 1987; Kinman, 1987; Buivid, 1981). Pohland and Gould ( Pohland, 1986) used leachate recycle
to accelerate refuse decomposition, thus reducing the time required to assess the effects of co-dispesal of industrial waste
sludge with municipal refuse. However, leachate recycle is not typically practiced in full-scale landfills and the effects of
leachate recycle on microbial and chemical characteristics of refuse are little known.

Table 1 Composition of the mixed refuse The objective of this paper is firstly io compare microbial characteristics of

Components Peme“t_ by refuse, incubated with and without leachate recycle and inocculation in
wet weight laboratory-scale landfill bioreactors, and secondly to evaluate the significance of

V_GEE‘AMBS 45.0 the five process condition.
o 2o 1 Materials and methods
Fruit 8.95 1.} Materials
Paper 7.47 Synthetic municipal solid waste mixture was man-made in our lagboratory,
Plastics and leather rubber 11.92 composition of this material is shown in Table 1.
Celtulose 3.60 The refuse mixture was shredded into 2 to 4 cm in length or width; the
Brick sand and soil 8.46 water content of mixture was about 50% of the water holding capacity .
Metals and glasses 7.57

1.2 Experimental equipment

Woods 333 Each simulated bioreactor landfill was assembled as shown in Fig.1. The

Foundation item: The National Natural Science Foundation of China {No. 59808012) and Zhejiang Province (No. 599127)



Ne.4 Effect of leachate recycle and incculation on microbial------ 509

refuse mixture was cumpacted in each of equipments until a specific weight of 0.5 ton per cubic meter was attained.
1.3 Experimental design

The objective of this study was to study and compare microbial characteristics of refuse during the refuse decomposition,
incubated with and without leachate recycle and inoculation, thus five equipments were employed, among them, the first one
(D1} was used as control, the second (D2) was adjusted 10 75% muoisture {wet weight) and no leachate recyele, the third
(D3} was adjusted to 75% moisture and initiated with leachate recycle but no inoculation, the fourth {D4) was adjusted to
75% moisture and initiated with leachate recycle and inoculated with high-effective microorganisms selected from old refuse in
general landfill, the fifth (D5) was nearly the same as the fourth but double inoculation. All leachate was not neutralized and
recycled through the top of the bioreactor on a daily basis. Al stimulated landfill bioreactors were incubated at 28 + 1C.
1.4  Procedure for container sampling
inoculum formation and  microbial

enumeration
Approximately 100g of the refuse 27
mixture were withdrawn periodically from the

each of bioreactors at bioreactors take down.
The refuse sample was immediately placed in
a plastic bag, which was closed and all free
air was removed by squeezing. 50g of the
refuse sample in the bag was used to form an
inoculum for most probable number (MPN)
enumeration. To form an inoculum, the
refuse was blended at 88% muisture in

d*stlllmg and auto:::lavmg water  under Fig.1 Schematic representation of digesters used during the experiment
nitrogen, afier blending, an extraclt of the 1. water injection port; 2. gas bags 3. sand layer; 4. refuse (solid waste);
refuse was formed by hand squeezing, the S. stone; 6. pump; BI, battom of digester

free liquid from hand squeezing { filtrate)} was
collected aseptically under nitrogen and nsed as the inoculums. The remaining was used to monitored for moisture contem by
measuring the foss of sample weight after drying in an oven at 105%C for approximately 16 — 24h io a constaml weight .

The hydrolytic fermentative bucteria, hydrogen-producing acetogenic bacteria, methanogens, sulfate-reducing hacteria,
aerobic and anaerohic cellulolytic bacteria and denitrobacieria were enumerated. Three MPN tubes were used for enumeration .
Tubes were incubated at 35 £ 1°C and checked for growth after 30 days except for the acetogen and methanogen MPN tubes
which were checked after 60 days.

1.5 Medium preparation and enumeration technigues

Medium composition for determination of hydrolytic fermentative Lacteria is as follows (g/L.) : glucose 10, beef extract 3,
peplone 5, NaCl 3, cystein 0.5, resazurin 0.002, pH 7.2 - 7.4.

Medium composition for determination of hydrogen-producing acetogenic hacteria is as follews { per liter }:
CH,CH,COONa 30 mmole, CH, { CH, ),COONa 30 mmole, sodium lactate 30 mmole, sodium succinate 30 mmole,
CH, CH, OH 30 mmole, yeast extract 2g, MgClL, 0.1g, NH,Cl1 1.0g, K,HPO, 0.4g, KH, PO, 0.4g. cystein 0.5g, resazurin
0.002g, trace element solution 10 ml, soil extract solutivn 300 ml, pH 7.0 -7.3.

Composition of the medium used for determination of methanogens is as follows (g/L): NH,Cl 1.0, MgClL 0.1,
KH, PO, 0.4, K, HPO, 0.4, yeast extract 1.0, cystein 0.5, HCOONa 5.0, CH;CO0ONa 5.0, CH,;0H 5.0 ml, H,/CO, &)/
20 (viv), soil extract 300 ml, trace element solution 10 ml.

Composition of the medium used for determination of sulfate-reducing bacteria as follows (per liter) : 10% NH,Cl+ 1%
MgCl, 10 ml, 4% K, HPO, + 4% KH,PO, 10 ml, yeast extract 1.0 ml, cysteine 0.5g, Na, S0, 1.14g, lactate 0.5 ml,
NaOH 0.5g. trace element solution 10 ml, resazurm 1.0ml, FeSO, G.25g, agar 20g, pH 7.2.

Composition of the medium used for determination of anuerobic cellulolytic bacteda is as follows {g/L): KH,PQ, 1.0,
Na(NH, YJHPO, 2.0, peptone 1.0, MgSQ, *7H,0 0.5, CaCl, *6H,0 0.3, CaC0, 5.0 , filter paper without starch 7em x
lem.

Composition of the medium used for determination of aerobic cellulolytic bacteria is as follows (g/L): KH,PO, 1.0,
Mg380, -7H,0 0.3, FeCl, 0.01, NaCl 0.1, NaNO, 2.5, CaCl, 0.1, filter paper without starch 7em x lem , pH 7.2.

Compasition of the medium used for determination of denitrobacteria is as follows (g/L) : KNO, 2.0, MgS0,-7H,00.2,
K,HPO, 0.5, pH 7.2,

Preparetion of soil extract was as follows: taking several paddy scil and adding tap water (soil/water=1:1.5), stir it
and then let it stand still for 24h, filter the supernatant with filter paper, sterilize the filtrate and store it in a refrigerator.

Composition of trace element solution was as follows (g/L): N(CH,COOH), 4.5, FeCl, - H,0 0.4, MnCl, - 6H,0
0.12, CoCL-6H,00.12, ZnCl, 0.1, AIK(S0,), 0.01, NaCl 1.0, CaCl, 0.02, Na,Mo0, 0.0, H,B0, 0.0!.

Enumeration techniques: The population of each group was measured by MPN method with triplicatc. The growth, the
formation of hydrogen, methane, nitrogen and H, S, and the degradation of filter paper were used as the indexes of population

|

for hydrolytic, fermentative, hydrogen-preducing acetogenic, methanogenic bacteria, denitrobacteria, sulfate-reducing and
aerobic (anserobic) cellulolytic bacteria.
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2 Results and discussion
2.1 Populatien of methanogenic flora
2,1.1 General trend of methanogenic population
The amounts of methanogenic microorganisms including hydrolytic fermentative, hydrogen-producing acetogenic and
methane-producing bacteria were measured during different times of refuse decomposition which was buried for 210 days. The
results of a MPN determination in triplicate for all the methanogenic bacteria were presented in Table 2. There was a common
trend that all the methanogenic groups were present in fresh refuse but at low values and their amounts increased suddenly in
all the digesters during the first two weeks, then increased progressively up to the highest values and decreased gradually.
2.1.2 Effect of leachate recycle and inoculation on methanogenic bacteria population during refuse decomposition
There were differences in the population of methanogenic bacteria between digesters operated with or without leachate
recycle and inoculation. The variation with time in the population of methanogenic bacteria including hydrolytic fermentative,
hydrogen- producing and methane-producing bacteria in all digesters was different (Table 2}. The population of hydrolytic
fermentative bacteria in digesters D4 and D5 operated with incculation and leachate recycle reached the maximum {10 — 10"
cells/g dry refuse, respectively) on day 60, in digester D3 operated wilh leachate recycle on day 120 (10'° rells/g dry refuse)
and for D1 and D2 on day 210.
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Fig.2 Total average {MPN) of methangenic bacteria during refuse decomposition

Table 2 The amounts of methanogenic bacteria in different digesters during refuse decomposition (10* cells/g dry refuse)

Microbial group [.}iges.ter Sampling tine, d
identity 0 7 14 30 60 90 120 210
Hydrolytic fer- DI 6.4x10" 2.18x10° 9.83x10" 9.83x10° 2.55x 10" 2.46x10° 7.72x 10° 3.43x10°
mentative bac- D2 6.4x10' 3.8x10* 3.1x10° 1,87x10f 2.1Bx 10" 2.18x10° 3.43x 10" 4.58x 10°
teria (HFB) D3 6.4%x10'" 1.8x10° 4.98x10° 1.8x10° 3.8x10° 1.8x10° 4.4x10° 3.8x10°
D4 6.4x10'" S.6x10° 4.98x10° 3.8x10° 6.0%x10° 38x10° 1.8x10 6.0x10°
D5  6.4x10" 1.0x10° 1.31x10° 3.8x10° 4.0x10* 1.8x10° 1.8x10® 2.8x10f
Hydrogen-producing D1 9.16% 10~ 4.37 5.46%10' 1.62x 10 2.46x10° 1.63x10° 1.55x10°
acetogenic D2 9.16x107! 4.96 4.91x10° 2.18x10° 1.03x10° 1.03x10° 2.06x 10*
bacteria (HAB} D3 9.16x10°' 2.36 6.0x10° 1.8x100 6.0x10° 3.8x10° 8.0x10
D4 9.1x10"" 8.35x 10" 1.0x1¢  6.0x10° 6.0%1¢° 1[.0x10° 4.6x10
DS 9.16xI10°" 8.38x 108 3.8x10° 3.BxI0® 3.8xi6® 6.0x10° 2.6x10°
Methane-producing DI 9oxl107* 9.0x10°* 2.18x 107’ 7.66 6.56x 107 6.04x10° 2.1x 107
bacteria {MPB) Dz %.0x107* 1.24% 107" 1,96 x 107" 3.43 4.58 6.0x10° 3.0x10°
D3 9.0x10"* 236x1077 1.2x 100 2.6x10° 6.0x10° 1.2x10° 9.5x10?
™M 9.0x10"? 1.05 1.2%100 1.0x 10 4.4x10° 1.72x10° 7.0x1¢°

D5 90x10°* 1.57x10°' 6 2.6x10°  1.8x10° 6.0x10° 7.8x10
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Table 2 indicated that leachate recycle and inoculation affected refuse methanogenic population. Leachate recycle could
increase anaerobic condition by creating suitable condition for methanogenic bacteria. Total or average amounts of each group
of methanogenic bacteria were higher in digester D5 followed by digesters D4, D3, D2 and D1 respectively (Fig.2). The
differences in methanogenic population between D4 and D5 also confirmed that the methanogenic bacteria in refuse ecosystem
might be affected by inoculation.
2,2 Population of cellulolytic bacteria

Cellulose is the principal constituent of refuse. Both aerobic and anaerobic bacteria ure capable of cellulose degradation.
The complete conversion product of cellulose is methane under anaerobic condition or carbon dioxide under aerobic condition .
But the fungi are more successful than bacteria in the degradation of cellulose embedded in lignin.
2.2.1 Anaerobic cellulolytic bacteria
2.2.1.1 General trend

The amounts of anasrobic cellulolytic bacteria were measured during different periods of refuse decompositien. The results
are shown in Table 3. Tt was obvious that the population of anaerobic cellulolytic bacteria was lower in fresh refuse and
increased to its maximum on day 120 in all digesters. Contrary o the population of methanogenic bacteria, the population of
anaerohic cellulolytic bacteria did not decreased obviously after reaching its maximum. The population of anserobic cellululytic
bacteria was at 10° ~ 107 cells/g dry refuse, about 10" times less than hydrolytic fermentative bacteria, 100 times less than
hydrogen-producing acetogenic bacteria and about 10 times less than methane-producing bacteria .
2.2.1.2 Effect of leachate recycle and inoculum on anaerobic cellulolytic bacteria

The difference between digesters D1 and D2 suggested the stimulatory effect of moisture content. The population of
anacrobic cellullytic bacteria in digesters D1 and D2 was significantly higher than that in digesters D3, D4 and D5 operated
with leachate tecycle and inoculation during the first two months, because leachate recycle and inoculation stimulated
degradation of refuse and led to the decrease of pH. Low pH restrained the growth of anaerobic cellulolytic bacteria. With the
degradation of refuse and increase of pH, leachate recyele and inoculation began to affect about two months later, therefore,

the total or average amounts of anaerobic cellulolytic bacteria were higher in digester D5 followed by digesters D4, D3, D2
and D} (Fig. 3).

Table 3 The amounts of anaerobic and aerobic cellulolytic bacteria during the decomposition of refuse with different treatments
{ cells/g dry refuse)

Digester Sampling time <
Microbial group . .
identity 0 7 14 30 60 90 120 210
Anaerobic D1 1 3.5x100  2.07x10° 4.37x 107 1.19x 10" 2.13x10° 6.0x10° 6.0x10°
cellulolytic D2 1 3.6x 100 1.03x10° 5.89x10° 1.79x 10" 3.66x 10 4.58x 10 B.0x10°
bacteria { AeCB) D3 1 4.0x 10" 1.4x10° 1.0xI10* 6.6x10° 5.2x100 B.0x0® 3.6x10°
D4 t 4.4x100 3.1x100 8.0x10° 8.0xI10* 6.4x10° 1.0x10 1.4x10°
D5 1 8.0x100  1.2x10' 2.4x10° 2.8x10° 1.0x10® 4.6x100 4.0x10°
Aerobic D1 0 22x 100 Z2.0x10' 2.4x100 43x100 5.7x100 6.0xIP 6,0xI¢P
cellulolytic 02 0 4.0x100 1.44x10°7 2.0x10" 2.6x10° 1.37x10° 8.0x10® 3.66x10°
bacteria (ACB) D3 0 4.0%x100 1.05x10° 4.0x10' 6.6x (00 L.4x1? 4.6x10° 6.4x10°
D4 0 4.0x10° 1.83x10° 4.0x10" 1.2x10° 1.4x10° 1.0x10¢ 1.0x10°
D5 0 4.0x10  8.34x 1 4.0x10° 1.2x100 3.8x10® 1.0x10*  1.0x10°
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Fig.3 Total average {MPN) of cellulalytic bactria during refuse decomposition

2.2.2 Aerohic cellulolytic bacteria
2.2.2.1 General trend

There was a common trend that the population of aerobic cellulolytic groups was at low value after initiation of the
digesters and did not shown significant increase or decrease before day 60. After then, the population of aerobic cellulolytic
bacteria in all digesters showed a little increase (10' — 10° cells/g dry refuse, less than the amounts of anserobic cellulolytic
bacteria during refuse decomposition). This is contrary to the general trend that the population of aervbic bacteria must
decrease with time according to the condition of refuse ecosystem. However, its increase can be explained by the fact that
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facultative cellulolytic bacteria might be more dominant with the time during refuse incubation periods.
2.2.2.2 Effect of leachate recycle and inoculation

The average or total amounts of zerobic cellulolytic bacteria growing in digesters D2 and D3 were significantly higher than
that in digesters D4 and DS operated with leachate recycle and inoculation and that in digester D1 was the lest (Table 3 and
Fig.3), which showed that inoculation did not affect the amounts of aerobic cellulolytic bacteria and moisture content might be
more important factor affecting the amounts of aerobic cellulolytic bacteria in refuse decomposition.
2.3 Sulfate-reducing bacteria

Sulfate-reducing bacteria (SRB) participates in interspecies hydrogen transfer in the complex fermentation leading to
methanogenesis and leading o massive and spectacular accumulation of sulfide. In addition to the control of methane gas
production, sullate reduction can also enhance the stabilization of waste.
2.3.1 General trend

The amounis of SRB were measured during different periods of refuse incubation, the results of a MPN determination in
triplicate for all digesters are presented in Table 4. There was 1 common trend that all the groups of SRB were presented in the
fresh refuse, but at low level (less than 100 cells/g dry refuse) compared to the population of mathanogenic bacteria. With the
incubation of seluse in landfill bivreactors, the amounts of SRB increased gradually 1o the maximum, then decreased again.

Table 4 The amounts of suifate-reducing bacteria (SRB) in refuse with different treatments during the refuse decomposition { cells/
g dry refuse)

. . . Incubation time, d
Digester identity

0 7 14 30 60 90 120 210
Dl 1.O0x 10 2.07x10° 1.97x10° 4.37x10° 3.4x1¢F — 7.73x 10° 4.29% 10°
D2 1LOx 10 10x 1P 5.24x 107 3,93 10" 2,29 107 — 3. 2% 10 2.52x 10°
D3 LOx 100 1.2x 107 3.93x10° 4.4x10° 4.0x 10 — 6.4x10°  3.6x10
D4 1.0x 10 1.2x10° 4.7x10° 1.0x10° 4.0x10' — 1.6x10° 3.0x10
D5 1.0x 107 1.8x10° tOSx 17 6.0x10° 4.0x10° — 1.§x 10°  6.0x10°

2.3.2 Effect of leachate recycle and inoculation

The population of SRB was positively affected with refuse inoculation and leachate recycle during the early stage of refuse
incubation. Tt increased up to the maximum (10° — 10° cells/g dry refuse) in digesters D4 and DS on day 14, after then,
because of the decrease of sulfate and increase of organic acids concentration, the amounts of SRB sharply decreased until day
120. Because of the decrease of organic matters and re-oxidation of H,S in leachate by air, the amounts of SRB increased
again in some degree. However, the amounts of SRB in digesters D1, D2 and D3 increased gradually with incubation time and
reached the maximum (10° — 10* cells/g dry refuse) on day 120. This explained that inoculation and leachate recycle
accelerated refuse decomposition into simple organic matters which can be used by SRB, MPB and other fermentative bacteria,
and SRB can compete with methanogens for substrate due to their high affinity for acetate and hydrogen in hydrogen limited
, but SRB could not compete with methanogens at high organic concentration (Min,

environment and in the presence of SO7
1993).
2.4 Denitrabacteria

The amounts of denitrabacteria measured during refuse incubation are presented in Table 5. The results of a MPN
determination in quadruplicate showed that they were much more than that of methanogenic and sulfate-reducing bacteria

Table 5 The amounts of denitrabacteria in refuse with different treatments during the decomposition of organic matter { cells/g dry
refuse)

. . . incubation time ,d
Digester identity

0 7 14 30 60 90 120 210
DI 7.3x10° 1.31x10° 1.31x10° 5.46x10° 5.12x 10° 3.66x 107 4.20x10? 2.4x10°
D2 7.3x10°  6.4%10° 4.75x10° 1.18x10° 8.01x10° 4.1x10* 3.78x10° 2.4x10°
D3 7.3x10°  1.4x10° 6.03x10° 4.0x10* 4.4x10° B.0x10* 8.0x10° 4.0xI10°
D4 7.3x10° 6.6x10° 6.6x10° 4.0x10* 6.6x10° B.0x10* 5.2x100 2.4xI10°
D5 73x10°  L4x10° 1.4x10° 4.0x10* 6.4x107 6.6x10° 8.0x10° 6.4x10*

during the early stage of refuse decomposition, because nitrate may be reduced by denitrabacteria much more easily than
sulfate reduced by SRB and carbon dioxide reduced by methane-producing bacteria, denitrabacteria can compete with
methane-producing bacteria and SRB (Fig.4 and Fig.5). However, with the refuse decompasition and the decrease of
nitrate, the population of denitrabacteria decreased slowly with time in all digesters up until day 210, the population of
denitrabacteria in digesters D4 and DS decreased much faster than that in digesters D1, D2 and D3 since leachate recycle and
inoculation accelerated refuse decomposition and provided more hydrogen and reducing power for nitrate reduetion.
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