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ABSTRACT. La competencia entre bacterias metanógenas (BPM) y bacterias sulfato reductoras (BRS) 
por el acetato e hidrógeno ha sido un factor limitante en el proceso de la digestión anaeróbica. Desde que 
se demostró que las BPM tienen una mayor capacidad para adherirse a superficies, la inmovilización de 
esas bacterias sobre soportes puede ser un método para favorecer su presencia. Este trabajo estudió la 
formación de biofilms por grupos tróficos de BPM y BRS sobre soportes de material cerámico y polietile-
no. Los resultados sugieren que las BPM hidrogenotróficas alcanzó velocidades de crecimiento sobre cerá-
mica de 0.061 h-1 y sobre polietileno de 0.030 h-1, con cuentas de 5.5 x 107 Número Más Probable (MPN) 
ml-1 sobre cerámica y 1.1 x 108 MPN ml-1 sobre polietileno. Esos valores fueron significativamente más al-
tos que los de otros grupos tróficos metanógenos que fueron estudiados (acetótrofos, formatótrofos y meti-
laminótrofos). En todos los casos los BRS alcanzaron valores más bajos de la velocidad de crecimiento 
máxima que los BPM. Las ve locidades para acetotróficos BRS fueron 0.009 h-1 sobre cerámica y 0.008 h-1 
sobre polietileno, con cuentas de 6.7 x 106 MPN ml-1 sobre cerámica y 4.2 x 106 MPN ml -1 sobre polietile-
no. Análisis estadístico demostró a esos valores ser significativamente más altos (p< 0.05) que los valores 
para BRS hidrogenotróficos. En comunidades de BPM y BRS, las proporciones de sus respectivos niveles 
tróficos en suspensión (sin soporte) fueron diferentes de los observados en sistemas que contienen sopor-
tes, sobre los cuales formaron biofilms. Se observó que BMP hidrogenotróficas y metilotróficas fueron las 
que se retuvieron mejor sobre cerámica y polietileno. 
Palabras clave: metanogénesis, reducción de sulfato, biofilms, filtro anaeróbico. 

INTRODUCTION 
 

       The treatment of anaerobic sulfate-containing effluents 
may be accomplished by one of, or a combination of the 
two following bacteria-based methods: a) sulfate reduction, 
and b) methanogenesis.10 The result of competition be-
tween sulfate reducing (BRS) and methanogenic (BPM) 

trophic groups may on one hand define the biogas pro-
duced, and on the other, determine the feasibility of 
methanogenic treatment of a given wastewater.18 The con-
centration of sulfate in fisheries wastewaters (>1.2 gl-1) 
favors sulfate reduction and may cause problems of corro-
sion given the presence of H2S during application of the 
anaerobic process most suited to the treatment of these ef-
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fluents.2,4  The permanence and activities of the BRS and 
BPM groups in biomass batch reactors, among other 
things, depends on the characteristics of the support com-
ponent (nature, hydrophobicity, ability to add micronutri-
ents) as well as on the adherence characteristics of the bac-
teria which form these communities (capacity for forma-
tion of exopolysaccharides and membrane proteins).15 
       Studies in the literature have demonstrated that the re-
duction in Chemical Oxigen Demand (COD) and methano-
genic activity during anaerobic treatment of fisheries efflu-
ents are feasible2,18 and have established the presence of 
BPM in systems with biofilms in sulfide-generating envi-
ronments.6,7 The preceding implies that BPM may subsist 
and compete with BRS in the presence of sulfates. It has 
also been reported that the methylamine consuming BPM 
may survive and compete, given that the BRS do not con-
sume methylamine.6,9 The proportion of each group (BRS,
BPM) within support-immobilized or planktonic popula-
tions in the presence of sulfate is unknown. 
       The objective of the present study was to determine the 
effect of the type of support on the adhesion of the BPM 
and BRS trophic groups. To this end, two support materials 
were tested including, a) a ceramic, representing a material 
of natural origin which was hydrophobic and capable of 
releasing micronutrients, and, b) polyethylene, an artificial, 
hydrophobic material. 
 

MATERIALS AND METHODS  
 
       Inoculum. The anaerobic inoculum was obtained from 
a reactor which had been operative for 24 months in the 
Department of Microbiology (University of Concepción,
Chile). This anaerobic suspended biomass reactor is main-
tained at 37°C and functions continuously, with agitation 
at 120 rpm. System feed includes fisheries waste products 
and presently functions with a residence time of 10 days, 
with 90% removal of DQO. It produces a biogas with 
methane fractions above 0.8 .  
       Assay systems and model culture media. Amber-
colored 50 ml vials were employed, containing 25 ml each  
of model effluent and closed with butyryl caps and alumi-
num seals. Support material tested included ceramic 
spheres of 0.5 cm diameter and pieces of polyethylene 0.5 
cm in diameter and 1 cm in length (Bioblock, Denmark), at 
a displacement of 1 ml per culture vial. The model effluent 
was prepared on the basis of Balch-3 medium4 and on the 
fisheries effluent characteristics of Aspé et al2 to give the 
following composition: 7.0 g COD l-1; 2 g SO4

-2 l-1; 9 g 
Na+ l-1; 18 g Cl– l-1; 250 g NH4

+ l-1; 900 g of total N l-1; and 
66.2 g PO4

–3 l-1. Preparation of the materia l was carried out 
in an anaerobic environment, continuously gassed with a 
mixture of 80% N2 and 20% CO2. Redox potential below - 
300 mV was obtained by the addition of Na2S x 9 H20 
(final concentration 0.025%). Control systems were run not 
containing support materials. Systems were inoculated for 
10 days at 37°C with constant agitation at 120 rpm, in an 

atmosphere of 80% CO2:20% H2 . 
       Counts of planktonic bacteria and sessile bacteria 
on support materials. Planktonic bacteria not associated 
with support materials were counted by obtaining serial 
dilutions from the liquid phase in the test vials. For analy-
sis of sessile bacteria, each support material was washed 
with the anaerobic solution described by Kataoka et al8 to 
eliminate non-adherent bacteria. Adhered biomass was re-
suspended into 10 ml of the same solution by means of 
ultra-sonication (Ultrasonic Cleaner 10-W) for 30 s.21 Se-
rial dilutions were made from this suspension, employing 
the Most Probable Number (MPN) technique.1 Balch-3 
media was used for counts of bacteria of the BPM trophic 
group, omitting tripticase and adding acetate, formate, 
trimethylamine, and hydrogen as sole electron donors for 
determination of acetotrophic, methylaminotrophic, forma-
totrophic and hydrogenotrophic BPMs.14 Total counts of 
BRS were obtained using the selective, differential me-
dium described by Sharma and Hobson14 plus acetate to 
determine acetotrophs, and 80% H2:20% CO2 to determine 
hydrogenotrophs. 
       Measurement of methane. Detection and quantifica-
tion of methane was carried out by gas chromatography 
using a HACH-Carle ® Series 100 AGC instrument 
(HACH Co. , Loveland, Co., USA). 
       Data analyses. Duration of the lag phase (λ) , growth 
rate (µ) and maximum count in the stationary phase (Α) 
was carried out on counts over time of planktonic cells and 
cells associated with supports of each trophic group using 
the Gompertz model.12 The treatment effect was studied 
using growth rate of the biofilm by means of analysis of 
variance. Adjustment of the growth mo del and analysis of 
variance were computed using a Systat version 5.0 pro-
gram.20 
 

RESULTS  
 

       Results on growth rates (µ) and maximum counts (Α) 
obtained for the BPM group are given in Table 1 and for 
the BRS group in Table 2. The results showed there were 
no significant differences among the growth rates of 
methanogenic groups without supports (suspended cells). 
       In contrast, there were differences in counts at the be-
ginning of the stationary phase (A) where the methylami-
notrophic and hydrogenotrophic BPM reached values in 
excess of 108 MPN l-1 (Table 1). In systems where bacteria 
were adhered to ceramic and polyethylene supports, the 
growth rates and total counts were greater for the hydro-
genotrophic BPM, followed by the acetotrophic BPM 
(Table 1). Methanogenic formatotrophs and acetotrophs 
did not constitute more than 10% of the total methanogenic 
population, estimated as a simple sum of the counts of all 
the trophic groups at the beginning of the stationary phase 
(Table 1). 
       Within the BRS group, the acetotrophs were dominant 
in suspended biomass systems (2.1 X 107 MPN ml-1); a 
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similar trend was observed in systems with ceramic and 
polyethylene supports, with the acetotrophic group 95% 
higher than recorded for the hydrogenotrophs (Table 2). 
       No significant differences were observed between 
growth rates of acetotrophic BRS attached to ceramic and 
polyethylene supports, where they showed magnitudes of 
0.008 to 0.009 h-1 . Similarly, the values of (m) for the hy-
drogenotrophic BRS (0.004 h -1, Table 2) were not different 
between biofilms on ceramic and polyethylene substrates, 
although they were significantly less than values for aceto-
trophic BRS (Table 2).  
 

DISCUSSION 
 
       The analyses of kinetic parameters and growth of the 
BPM and BRS trophic groups showed that the methylami-
notrophic and hydrogenotrophic populations were those 
which more readily colonized the ceramic and polyethyl-

ene surfaces (Tables 1, 2). Efficacy of the supports for re-
tention of biofilms may be due to the high specific surface 
and hydrophobicity of the polyethylene, and the capacity 
for liberation of micronutrients by the ceramic sub-
strate11,16 
       These results suggested that in spite of the high sulfate 
concentration described for fisheries effluents2,3  the activ-
ity of the methanogenic bacteria in these sulfhydryl-
generating environments may be sustained by the presence 
of non-competitive substrates such as the methylated 
amines.9 This is in agreement with observations made on 
marine sediments by Ollivier et al.,12 where microorgan-
isms isolated were mostly methylaminotrophic BPM spe-
cies. The preceding suggests that although the methano-
genesis may not be sustained exclusively by methylamino-
trophic bacteria, these may indeed form an important part 
of the methanogenic community in sulfide-generating en-
vironments, particularly in those where sulfate-rich resi-

Table 1. Growth rates (m+ 95% confidence interval) and maximum stationary-phase counts (A + 95% confidence interval) 
of trophic groups of suspended and support-attached methanogenic bacteria (BPM) obtained by fit to the Gompertz 
model.12 

Table 2. Growth rates (µ + 95% confidence interval) and maximum stationary-phase counts (A + 95% confidence interval) 
of trophic groups of suspended and support-attached sulfate reducing bacteria (BRS) obtained by fit to the Gompertz 
model.12 

Ac, Acetotrophic;  F, Formotrophic; H, Hydrogenotrophic; M, Methylaminotrophic; (*), significant difference (p < 0.05) 

                         Treatement   

 No Support   Ceramic   

Trophic  
Group  

µ ( h -1) A (NMP)  
Resuspended  

Cells ml -1 

µ ( h -1) A (NMP)  
Resuspended 

Cells  ml -1  

µ ( h -1) A (NMP)  
Resuspended 

Cells ml -1 

B P M- A c  0.028 ± 0.006  5.1 x  107 ± 1.8 x  107  0.014 ± 0.004  2.9 x 106 ± 1.0 x  106  0.020 ± 0.005  9.7 x  106 ± 3.7 x  106  

B P M-F  0.025 ± 0.012  1.9 x  106 ± 6.7 x  105  0.012 ± 0.005  3.6 x  106 ± 7.9 x  105  0.020 ± 0.005  1.3 x 107 ± 5.5 x  106 

B P M- H  0.028 ± 0.009  4.4 x  108* ± 1.5 x  108  0.061*± 0.022  5.5 x  107* ± 1.4 x  107  0.030 ± 0.004  1.1 x 108* ± 3.0 x 107  

B P M- M  0.029 ± 0.001  5.6 x  108* ± 2.9 x  108  0.033 ± 0.006  1.8 x  107 ± 5.8 x  106  0.029 ± 0.007  1.9 x 107 ± 1.2 x  107 

Poliethylene  

Ac, Acetotrophic;  F, Formotrophic; H, Hydrogenotrophic; M, Methylaminotrophic; (*), significant difference (p < 0.05) 

                      Treatement   

 No support    Ceramic   

Trophic 
Group  

µ (h -1)  A (NMP)  
Resuspended 

Cells ml -1 

µ (h -1)  A (NMP)  
Resuspended 

Cells ml -1 

µ (h -1)  A (NMP)  
Resuspended 

Cells ml -1 

BRS- A c  0.004*± 0.0008 2.117 ± 1.8 x  107 0.009 ± 0.001  6.7 x 106 ± 1.0 x 106  0.008 ± 0.002  4.2 x 106 ± 3.7 x 106  

BRS- H  0.002 ± 0.0007 3.4 x  105 ± 6.7 x  105  0.004 ± 0.002  1.3 x 106 ± 7.9 x 105  0.004 ± 0.0002 9.4 x  106 ± 5.5 x  106  

Poliethylene  
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dues are treated anaerobically.16,18 
       The principal precursor source of methylated amines in 
marine ecosystems is that of the degradation of glycine-
betaine and trimethylamine oxide , which are both typi-
cally found in the tissues of marine organisms, including 
fishes.9,16 
       In conclusion, and in accordance with present results, 
use of ceramic material as inert material in fixed-bed reac-
tors may permit the formation of biofilms enriched with 
methylaminotrophic BPM, and may be a good alternative 
for improving methanization and diminishing the activity 
of BRS. 
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