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Abstract−− The typical microbiological groups re-
ported in literature under the experienced environ-
mental conditions are present in the biofilm struc-
ture investigated on sand particles. This is concluded 
based on microorganism morphology analyzed by 
scanning electron microscopy. Methanosarcina sp. 
(acetate consumers) and filamentous microorgan-
isms with morphology similar to Methanospirillum 
sp. (H2-utilizing archaea) are distinguished among 
methanogens. Based on acetate levels and microor-
ganism’s threshold concentration, a predominance of 
Methanosarcina mazei rather than Methanosarcina 
barkeri is concluded. Among acetogens, bacillus 
morphologically similar to the syntrophic acetogenic 
Syntrophobacter wolinii are observed together with 
Desulfovibrio sp. (hydrogen-utilizing, sulfate-
reducing). With respect to acidogens, short and long 
rod-shaped bacteria, diplococcus in chains (probably 
Streptococcus-like bacteria) and filamentous bacilli 
are morphologically distinguished but cannot be 
characterized from this study. A methanogenic 
biofilm fluidized bed reactor inoculated with the 
biofilm population investigated showed process effi-
ciencies up to 98% of chemical oxygen demand re-
duction for treating an acetate-based substrate. 
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I. INTRODUCTION 
Microbiological processes have been extensively 

applying for the removal of inorganic and organic com-
pounds from wastewaters. In general, the treatment 
processes have to be stable, low in cost and to provide 
an effluent quality to comply with the increasingly 
stringent discharge standards. These needs can be met 
by either optimizing the operation of existing wastewa-
ter treatment plants, which are mainly based on the con-
ventional aerobic processes, or by developing novel 
bioprocesses.  

During last decades the anaerobic digestion has been 
considered as an attractive biotechnological process for 
degrading a variety of polluting organic wastes. How-
ever, the benefits of this technology are not restricted to 
only removal of contaminants. Indeed, energy savings 
can be obtained by computing the biogas produced (fuel 
methane) in a global process analysis.  

The anaerobic degradation is a process carried out 
by one of the most complex known interactions among 
microbial populations interacting in a food web (Davey 

and O'toole, 2000). Briefly, the process consists of three 
stages: (a) the first one (liquefication) involves the hy-
drolysis and conversion of insoluble complex material 
to soluble compounds and the reduction of polymers to 
monomers; (b) acidogenesis involves the fermentation 
of the monomers into a variety of end-products, which 
include volatile acids (acetate, propionate, butyrate, 
formic acid), alcohols, carbon dioxide and hydrogen; 
and (c) methanogenesis: the end-products of the fermen-
tation process are then converted by another group of 
anaerobes into methane and carbon dioxide with trace 
quantities of other gases (hydrogen sulphide, ammonia, 
nitrogen, mercaptans and amines) (Ghaly, 1996).  

The application of the anaerobic biotechnology re-
quired the overcoming of some difficulties at the early 
development stages, mainly related to the anaerobic 
digestion process itself, i.e. the slow growth rate of the 
anaerobic methanogenic microorganisms. This disad-
vantage discouraged its application to continuous sys-
tems operating at short retention times (high dilution 
rates) since the microorganism washout takes place un-
der such conditions. This drawback was technologically 
overcome by decoupling the hydraulic retention time 
from the solid (microorganisms) retention time by de-
velopment of granular biomass or attaching or immobi-
lizing the microbial consortium on inert support materi-
als (biofilms). In biofilms, the microorganisms are em-
bedded in a matrix of organic extracellular polymeric 
substances produced by the microbial activity and also 
may contain inorganic or abiotic substances. 

In general, the relative population levels of the mi-
crobial groups (acidogens, acetogens, methanogens) and 
the species of each group present depend on the waste-
water characteristics as well as on the operational and 
environmental conditions, e.g. substrate type and or-
ganic loading rate, system configuration, inert support 
material type and shear stress acting on it. Any stress or 
disturbance on the system may lead to a change in spe-
cies types and their relative population levels, which is 
ultimately reflected in the reactor performance. Then, it 
becomes evident the importance of a well-balanced and 
mature biofilm development and methods for monitor-
ing its structure. The scanning electron microscope 
(SEM) can be used to obtain knowledge of both mor-
phology and composition of the populations of anaer-
obes coexisting in the biofilm structure of digesters 
(Lazarova and Manem, 1995; Araujo et al., 1998; Díaz 
et al., 2003; Montenegro et al., 2003; Yang et al., 
2004). 


