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ABSTRACT

Solid wastes anaerobic biodegradability, methane production potential and microbiological composition
of two experimental sanitary landfillsin Brazil, running for one year, were evaluated. The two landfills
showed a similar organic matter stabilization during the methane production phase, despite the high
heterogeneity of the solid wastes. Both landfills presented the samelevel of methane (around 91.5L CH,/kg
Volatile Total Solids) and organic acids, mainly acetic and butyric acids, in theleachate. Bacterial isolates
belonged to genera Megasphaera, Selenomonas, Methanobacterium, Methanobrevibacter and

Methanosarcina.
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INTRODUCTION

Use of sanitary landfills are a common method of disposing
municipal solid wastes (MSW) (2). The availability of land, the
low costs of construction and operation when compared to other
systems, and the utilization of biogas as an alternative fuel make
landfills one of the most attractive solutions for treatment of
municipal solidwastesin Brazil. Thebiological anaerobic activity
in sanitary landfills is comparable to what occurs in anaerobic
environment (natural and bioreactors) (4). Despitetheconsiderable
knowledge on microbial activity in landfillsin United States of
Americaand Europe(3,4,7,8,9,12,13,14,15), littleinformationis
availablefromBrazil.

The present work reports on biologica transformationsin two
experimenta landfills, congtructed similarly to conventiond landfills,
with leachate drainage, biogas collectorsand soil and grasscovers.
Refuse decomposition was studied without leacheterecycling. The
total amount of MSW in both landfills corresponded to eleven
years of urban solid waste produced in aBrazilian city with 2,000
peoplewith economical level similar tothat of small citiesin Europe.

MATERIALSAND METHODS

Two experimental landfills, with 3,380 and 2,500 m® of
capacity, were studied. They were provided with awaterproof
system, comprised of Hypalon plastic and layers of sand and
clay. Drainage systems for gases and leachate were built into
the fills. The leachate was collected through a channel in the
bottom of thelandfills. The biogaswas pumped out with drills
through a PV C tube, involved by crushed stones to avoid
obstructions, and installed in vertical position. The systems
werefilled with municipal solid wates (M SW) during 3 months
and completely covered with plastic and alayer of compacted
clay and turf.

Municipal Solid Wastes (M SW) char acterization

Characterization of MSW was based on eight samples of
garbage (100 kg each) obtained at four different areas of the city
of S8o Carlos, S8o Paulo State, during summer and winter. The
MSW were classified as food/gardening, paper, glass, metal,
plastic, rag, wood/legther/rubber and others.
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Landfillssamples

Sampling was carried out using a mechanical auger at four
depths: 2t02.5m, 25t0 3 m, 3to 3.5 m and 3.5 to 4 m. 300g of
garbage free of plagtic, glass and metals were used for analyses.
L eachatewastaken fromwel| collectors connected to the channels
inthe bottom of thefills. Biogaswas collected fromthe PV C tubes
using aglassampoule. For microbiologica studies, sasmpleswere
taken from the first depth, homogenized in plastic bags, and
immediately transfered to flasks with reducing solution, under
nitrogen atmosphere. Sampleswere taken over 400 days.

M ethanepotential

The anaerobic biodegradability of MSW was determined
using the methane potential method described by Mounton et
al. (12). Testswere carried out in batch conditions using serum
bottles of 400 mL. Municipal digesters dudge (100g) as source
of anaerobic bacteriawasmixed with M SW (10g) from2to2.5m,
and incubated at 35°C. Biogas production was monitored twice
a day followed by methane determination. The age of sample
was around one year.

Chemical Oxygen Demand (COD), Volatile Total Solids
(VTS), moistureand pH

Analyses were done as described by APHA/AWWA/WPCF
(2). Initial proceduresfor COD analysesweredrying solid samples
a 105°C during 24 h, followed by maceration, acidification with
sulphuric acid, addition of water up to 250 mL and filtration in
GFC-Whatmannfilters.

Volatile organic acidsand gasesanalyses

Anayses of volatile organic acids and biogas were carried out
by gas chromatography with a flame ionization detector. Semi-
capillary Q and Porapak Q columnsand nitrogen and hydrogen as
carrier gaseswere used, respectively, for acids and gases anayses.
Tota volatile organic acidswere determined according to Ciola(6).

Microbiological studies

Strict anaerobe cultivation was done using the roll-tube
method described by Hungate (10) and the liquid medium
cultivation described by Miller and Wolin (11). Mediafor roll-tube
enumeration and isolation of hydrolytic and fermentative bacteria
were prepared according to Salinitro et al. (16). I dentification of
hydrolytic and fermentative bacteriain pure culturewasbased on
VirginiaPolytechnic Ingtitute Manua (17). Methanogenic cultures
were isolated in Basal-Carbonate-Yeast-Triptone media (18)
supplemented with acetate, methanol, formate or hydrogen as
energetic sources. M ethanogeni ¢ bacteriaidentification wasbased
onBergey’sManual (5). Bacterial samplesweretaken during the
last 200 days, both from landfilled solid wastes and leachate
collected at experimentd landfill flows. After theenumeration, the
fermentative hydrolitic anaerobeswere purified and isolateswere
maintained for further studies.
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RESULTSAND DISCUSSION

The MSW composition was 56.7% food/gardening, 21.3%
paper, 1.1% glass, 5.4% metal, 8.5% plastic, 3.4% rag, 2.3%
wood/leather/rubber and 1.3% other materials. No differences
were observed between seasons or areas. The high level of
organic matter in MSW is characteristic of atropical region
withintensive agricultural and dairy activitiescloseto an urban
area, and of the economical people conditions and wastage of
food. Organic matter is generally lower in big urban areas
(2,14,15). The amount of paper is probably related with the
number of universitiesin the city, and the low percentage of
glasswasaresult of domestic reutilization. Themoisturelevel,
46.6 % (+ 5.8), istypical of high organic content and anaerobic
process (14).

Fig. Lillustratesthe production of methane 90 days after
closing the landfills. In both landfills, the production of
methane was similar. During the studied period (300 days),
methane valuesincreased from 35 to 60%, characterizing the
methanogenic phase of the anaerobic decomposition (14).
The methane potentials (Fig. 2) around this period were 97.8
and 85.1 L CH,/kg VTS (mean values), for fills 1 and 2,
respectively. From these results the extent of methane
production by the landfills could be calculated. According
to Attal et al. (2) the methane potential in landfills varies
from 0.8t0 90 L biogas/kg of degradable M SW. Pohland and
Harper (14) indicated values of theoretical gas yields for
biodegradable fractions as arange of 60 to 170 L/kg of dry
waste.

Figs. 3to 6 show the VTS and COD values for solid waste
samplesat different depths. The variations between fills1 and 2
at the same depth and time are probably related to the
heterogeneity of MSW and the operation during the filling of
the systems. Different sampling sitesand analytical procedures
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Figure 1. Methane gas production.
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Figure 2. Methane potencial.
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Figure3. Volatiletota solidsmeasurements—Fill 1.
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Figure4. Volatiletotal solidsmeasurements—Fill 2.
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Figure5. Chemicd oxygen demand measurements—Fill 1.

0.25 A
@ L
§ 0.20 .
e e |
DD0.15 |‘_‘,‘ — &
TN Rl
Q v
0.10 .
3 4
0.054 T T T T
0 100 200 300 400 500
Time (days)
——21t02.5m --0--25t03m
—A—3t03.5m --@--3.5t04m

Figure6. Chemical oxygen demand measurements—Fill 2.

could aso be responsible for these differences. It should be
noted that theinitial valuesof COD and V TSwere obtained from
the fresh garbage sample. The first 100 days period was
characterized by a decrease of VTS and COD. Mean va ues of
COD removal, 38.5 and 37.5%, and VTS reduction, 24.6 and
39.1%, respectively for fills 1 and 2, showed adight degradation,
considering the systemsasadiscrete cell of alandfill and without
differences between the depths. During this period, the VTS
contents of fill 1 at the intermediary depths increased and the
sampling was the most probable reason for these differences.
COD vauesafter 100 days, and after morethan oneyear, showed
the same organic matter content in both landfills during the
methane production phase, and the range of values, 0.10t0 0.20
o/g of dry waste, was not very different fromtheinitial valuesat
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any depth. The VTS contents of fill 1 werelower thanfill 2 and
no differences were observed between the depths. The results
indicate that the methane phase was not stabilized after 400
days. It was possible to cal cul ate the methane potential asVTS
remaining as0.20to 0.25 g/g of dry waste.

Figs. 7 and 8 show results of COD and VTSin the leachates.
Thevauesweresimilar inthefirst 150 days, decreased dowly up
to 280 days, and decreased pronouncedly in both parameters at
300days.

Solid organic matter breakdown resulted in products with
initial valuesof COD around 40 g/L. and VTS content around 25
g/L, for leachates 1 and 2. Vol atile organic acid production and
pH values (Figs. 9 to 12) show the occurrence of hydrolysis
inside the fills. The amount of total volatile organic acids (Fig.
12), and particularly the amount of individual volatile acids,
indicates hydrolytic and acetogenic bacteria activities, with
acetic, butyric and propionic acids as the main fermentation
products, at pH 5.5 to 6.0. The count of non-methanogenic
bacteria in the leachate was 7.5 (+ 0.14) log CFU (Colonies
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Figure7. Chemica oxygen demand measurementsfromleachate.
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Figure8. Volatiletotal solidsmeasurementsfromleachate.
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Figure9. pH measurementsfrom leachate.

15000
f 10000
o0
g
= 5000
>
0 i
0 100 200 300 400 500
Time (days)
—@— Isobutiric Ac. —1l— Acetic Ac.
—A— Propionic Ac. —— Butitic Ac.
- - ¥X- - -Isovaleric Ac. - - @ - - Valeric Ac.

Figure10. Volatilefatty acids—Fill 1.
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Figure11. Volatilefatty acids—Fill 2.

Forming Unids)/mL. During thistimethe pH and methanogenic
activity alsoincreased (Fig. 1). pH of leachate increased to 7.8.
After 300 days, the pronounced decrease in all leachate
parameters studied pointed to stabilization of organic matter



degradation, and the remaining COD and VTS of solid wastes
(Figs. 3to 6) confirmed that thisperiod was still in an accelerated
methane production phase. Theresults are consistent with other
refuse decomposition experimentswhere the solidsremaining at
thismethane phase are almost 70-75% (4).

Care was taken during hydrolytic-fermentative bacterial
enumeration (Table 1), sincethe microorganismsin therefuse
may be attached to fibrous materialslike cellulose or inert solids.
A range of 5.5 to 8.0 log CFU/g dry waste was obtained at
different points of the landfills. Two proteolytic bacteria
isolated were Megasphaera sp and Selenomonas sp.
M ethanogenic bacteria enriched from solid waste belonged to
the genera Methanobacterium, Methanobrevibacter and
Methanosarcina. M ethanogenic enrichments were performed
using solid wastes from both landfills at the methane phase.
The Methanosarcina species had morphological charac-
teristicssimilar to the species M. acetivorans, whoselifecycle
includes cyst formation.
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Figure 12. Tota volatilefatty acids.

Table 1. Counts of hydrolytic fermentative anaerobic bacteriain
fillsland 2 at 2to 2.5 m depth.

Fill 1 Fill 2
Degradation log CFU/g Degradation logCFU/g
time (days) dry waste time (days) dry waste

247 5.74 (£ 0.4) 224 5.56 (£0.1)
261 5.94 (£ 0.2) 238 6.09 (+0.3)
275 7.93 (£ 0.3) 252 7.62 (£0.5)
289 6.49 (£ 0.9) 266 6.32 (£0.4)
303 587 (x0.4) 280 6.49 (£ 0.8)
317 517 (£ 0.2) 294 8.22 (£ 0.04)
360 6.31 (x0.1) 337 5.64 (£0.2)
367 6.51 (x0.3) 344 6.69 (£ 1.0)
373 7.40 (£ 1.0) 350 6.12 (£0.2)
394 7.90 (£0.5) 371 7.72 (£0.5)
408 5.60 (+0.3) 385 5.59 (£0.5)

Biodegradahility potencial of two landfills

CONCLUSIONS

The MSW contained 50 to 70% of organic matter, and its
anaerobic degradation was confirmed by theformation of products
likemethaneand leachate. After oneyear, theexperimentd landfills
represented scale-up systems, running inthe methane production
phase. Despitethe M SW heterogeneity, theresults showed similar
biological activities for fills 1 and 2. Methane potential values
indicated further gas production by the remaining MSW. This
method could be very useful to predict the capacity of biogas
productionin landfills.
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RESUMO

Potencial de biodegrabilidade de dois aterros
sanitarios experimentais no Brasil

Durante um ano foi realizado o monitoramento da
biodegradabilidade anaerdbia de residuos solidos, do potencial
de geragéo de metano e da composi¢do microbiol 6gica de dois
aterros sanitérios experimentais. Observou-se que, apesar da
grande heterogenei dade dos residuos solidos, os resultados em
termos de estabilizacdo de matéria organica durante a fase de
producéo de metano foram similares paraosdoisaterros. Ambos
0s sistemas apresentaram as mesmeas faixas de producéo de
metano (91.5L CH,/kg STV - solidostotaisvoléteis) ede &cidos
organicos, principa mente &cidos acético e butirico. Isolou-se
ainda, culturas bacterianas dos géneros Megasphaera,
Selenomonas, Methanobacterium, Methanobrevibacter and
Methanosar cina.

Palavras-chave: residuos sdlidos urbanos, aterros sanitério,
bidegradacdo anaerdbia
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