
IMPORTANCIA DE BIOFILMS 
EN SISTEMAS DE 
TRATAMIENTO DE AGUAS 
RESIDUALES
CLAUDIA ETCHEBEHERE
LABORATORIO DE ECOLOGI ́A MICROBIANA DEPARTAMENTO DE BIOQUI ́MICA 
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Esquema de la clase
• Sistemas de tratamiento de aguas residuales 

• Tipos de sistemas 

• Reactores aerobios 

• Reactores de remoción de Nitrógeno 

• Reactores anaerobios 
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Esquema de la clase



Ciclo del agua



Aguas residuales

Industria Concentración DBO mg/L

Láctea 500-4000

Mataderos 15000-20000

Vitivinícola 600-2000

Lavadero de lana 2000-5000

Doméstica 200-500

Límite máximo aceptado Menos de 10; 5 o 3

• Parámetros controlados: pH, OD, DBO5, aceites, grasas, detergentes, 
amoníaco libre, nitratos, fósforo total, sólidos suspendidos, etc. 

• Vertidos líquidos industriales, Decreto 253/79 (reglamenta al Código de 
Aguas, Ley Nº 14.859) el cual es específico para cursos de agua. 

• N: el límite máximo de nitrato para cursos de agua clase 1, 2 y 3 es de 
10mgN/L, y de amoniaco libre 0.02 mg/L. 

Aguas Residuales



Composicion de las aguas resiudalesCompuestos químicos presentes en las 
aguas residuales a tratar

• Carbohidratos 

• Proteínas 

• Lípidos 

• Compuestos recalcitrantes 

• Cómo los eliminamos? 

• Degradación biológica aerobia 

• Degradación anaerobia 



Sistemas de tratamiento aerobios
• Degradación aerobia de materia orgánica

• Respiración aerobia

C6H12O6 + 6 O2           6 CO2+6 H2O+ 38 ATP

•   Materia orgánica + O2          CO2+ H2O+ Crecimiento de biomasa

Sistemas aerobios

Se gasta energía y se genera lodos 



Sistemas de lodos activados 
Sistemas de lodos activados



Formación de flóculos

• En sistemas de lodos activados los organismos se 
agrupan formando flóculos. 

• La formación de flóculos es fundamental para la 
sedimentación (sedimentador) 

• Los flóculos se forman por una red de filamentos a la 
cual se adhieren microorganismos que segregan exo-
polímeros (bacterias formadoras de flóculos).

Biofloculación



FloculaciónFormación de flóculos

• Como las bacterias filamentosas 
crecen mas lento al principio se 
forman flóculos pequeños y 
redondeados (integrados solo por 
bacterias floculantes) 

• Al crecer los filamentos forman la 
red en la cual se adhieren las 
bacterias floculantes, estos 
flóculos tienen una morfología 
variable y son mas grandes. 

•  Los filamentos producen la unión 
de varios flóculos se producen 
flóculos mas grandes.



Bulking filamentosoBulking filamentoso

• Es uno de los principales problemas de 
sistemas de lodos activados 

• El sobrecrecimiento de bacterias 
filamentosas causa flóculos con menor 
densidad que se flotan. 

• El crecimiento desmedido causa un gran 
aumento de la biomasa del reactor. 



Reactores con soporteSistemas de biofilms aerobios

Mayor cantidad de biomasa en el reactor 
No se necesita sedimentador externo



Reactopres de biodiscos
Reactores de bio-discos



Gránulos aerobiosReactores de gránulos aerobios



Formación de biofilmsFormación del biofilm

• Microorganismos diferentes tienen diferente capacidad de formar biofilm? 

• La superficie ejerce una selección sobre el tipo de microorganismo que se adhiere?

Formación del biofilm

• Microorganismos diferentes tienen diferente capacidad de formar biofilm? 

• La superficie ejerce una selección sobre el tipo de microorganismo que se adhiere?

La superficie selecciona el tipo de microorganismo



Limitaciones en el transporte de sustrato

Esta limitación puede ser
utilizada para favorecer
un proceso en varias
etapas.

Limitaciones en el transporte de sustrato



Sistemas de remoción de Nitrógeno

• Aguas residuales con alto contenido en 
p r o t e í n a s ( i n d u s t r i a l e c h e r a , 
curtiembres, industria cárnica).  

• Al ser tratadas en los sistemas 
convencionales de tratamiento liberan 
grandes cantidades de amonio.  

• Es necesario un post-tratamiento para 
comple ta r la e l im inac ión de la 
contaminación y cumplir con las normas 
de vertido.

Sistemas de remoción de nitrógeno



Ciclo del Nitrogeno

•Nitrificación (oxidación aerobia del amonio a nitrato)  

•Desnitrificación (reducción del nitrato a N2 en condiciones anóxicas). 

Ciclo del nitrógeno



Nitrificación

Proceso aeróbico en dos pasos oxidación de amonio y de 
nitrito 

Autótrofo, utilizan CO2 como fuente de Carbono 

Bajo rendimiento celular 

Crecimiento lento 

Difícil de cultivar 

En general en baja proporción

Nitrificación



Oxidación de amonio y de nitrito en dos pasosDos procesos acoplados
• Géneros predominantes 

Oxidantes de amonio 
• AOB (Bacterias) 

Nitrosomonas  
Nitrosospira 
Nitrosococcus 

• AOA (Archaeas) 
Nitrososphaera viennensis 
Candidatus Nitrosopshaera gargensis 

• Oxidantes de nitrito (NOB) 
Nitrobacter 
Nitrospira 
Nitrospina

NH4+                 NO2-

O2                      H2O

NO2-                 NO3-

O2                      H2O



Desnitrificación

‣ Proceso anóxico pero la mayoría 
puede utilizar también oxígeno. 

‣ En general si hay oxigeno no hay 
desnitrificacion. 

‣ Heterótrofos, utilizan compuestos 
orgánicos, 

‣ (acetato, succinato, etanol) 
‣ Algunos pueden utilizar H2 o 

Sulfuro 

‣ Rendimiento celular alto, 
crecimiento rápido 

‣ Alta diversidad

Materia organica            CO2

Desnitrificación



¿Cómo se pueden acoplar los dos procesos?

u Nitrificación

u Proceso aerobio litótrofo.       NH4+      NO3-

u Desnitrificación

u Proceso anóxico heterófico.   NO3- N2



Sistemas de remoción de N

u Sistemas en dos etapas u Sistemas SBR (sequencing batch reactors)

Sistemas de remoción de Nitrógeno
• Dos reactores uno aerobio y otro anoxico 

• Sistemas mixtos operados en ciclos

NO3
-     N2

NH4+     NO2
-
        NO3

-

AOB NOB



Proceso Anammox 
(anaerobic ammonia oxidation)

Descubierto al final de 1986 en un 
proceso de tratamiento de efluentes. 
 Muy recientemente se ha descubierto 
que anammox es una parte significativa 
(hasta el 70%) del ciclo del N en los 
océanos. 

Sistemas anammox

Ahorro de aireación 

No se debe agregar materia orgánica

Es necesario 
tener nitrito y 
amonio en la 
proporción 
correcta.

Proceso 
autótrofo



Sistemas combinados

u Sistema de aeriacion tubular

Sistemas combinados

http://www.aaees.org/e3scompetition/2015honor-research.php



Sistemas combinados

Sistemas combinados

http://www.aaees.org/e3scompetition/2015honor-research.php



Tratamiento anaerobio de aguas 
residualesDegradación anaerobia

Archaeas metanogénicas 
hidrogenotróficas

Archaeas metanogénicas 
acetoclásticas



Reactores metanogenicos
Reactores metanogénicos

No se utiliza energía 
Se genera metano 
Se genera menos lodos



Reactores UASB 
Reactores UASB

Upflow Anaerobic Sludge Bed (UASB) 



Gránulos metanogénicosGránulos metanogénicos

•Transferencia de H+ interespecies (Favorece la acetogénesis)
•Protección a variación de pH, tóxicos y   [sustrato].
•Retención de la biomasa

A) Hulshoff Pol et al., 2004. B) FISH de secciones de gránulos mesófilos con EUB338 marcada con FLUOS y 
ARC915 marcada con rodamina. C) Micrografía electrónica de barrido de gránulos mesófilos [Sekiguchi et al., 
1999].

Degradación anaerobia

Archaeas metanogénicas 
hidrogenotróficas

Archaeas metanogénicas 
acetoclásticas



Producción de hidrógeno como 
combustible limpio

Hidrogeno como energía
• No produce gases de efecto invernadero 
• Alta eficiencia de conversión: 83% 
• Producción a partir de renovables: electrólisis, gasificación 

de biomasa,  fermentación oscura, etc. 
• Posibilidad de generación local 
• Desafíos: 
• Sustituir los combustibles fósiles 
• Almacenado, distribución y materiales  
• Técnicos, políticos y sociales en su implantación

Hidrogeno como energía
• No produce gases de efecto invernadero 
• Alta eficiencia de conversión: 83% 
• Producción a partir de renovables: electrólisis, gasificación 

de biomasa,  fermentación oscura, etc. 
• Posibilidad de generación local 
• Desafíos: 
• Sustituir los combustibles fósiles 
• Almacenado, distribución y materiales  
• Técnicos, políticos y sociales en su implantación



Producción de hidrógeno por 
fermentación oscuraDegradación anaerobia

Archaeas metanogénicas 
hidrogenotróficas

Archaeas metanogénicas 
acetoclásticas



Microorganismos productores de hidrógeno

Productores de H2 

Firmicutes
Clostridium
Ethanoligenens
Thermoanaerobacter

Delta Proteobacteria
Enterobacteriaceae

Thermotogales
Thermotoga
Kosmotoga

Consumidores de H2

Methanogens 
(hydrogenotrophic)

Homoacetogens

Competidores

Lactic acid bacteria



Reactores de producción de 
hidrógeno

u pH ácido

u Alta carga orgánica

u Bajo tiempo de residencia hidráulico

u Reactores con soporte

Reactores de producción de 
hidrógeno

Reactor de 
lecho fijo

Reactores de producción de 
hidrógeno

Reactor de 
lecho fijo

Reactores de producción de 
hidrógeno

Reactor de 
lecho fijo



¿El material de soporte selecciona los 
microorganismos productores de hidrógeno?

u Fe-hidrogenasa enzima 
clave prar la producción 
de hidrógeno de 
Clostridium

Comunidad del biofilm es igual a la 
planctónica?

T-RFLP Q-PCR Fe-hidrogenasa

Comunidad del biofilm es igual a la 
planctónica?

T-RFLP Q-PCR Fe-hidrogenasa



Celdas microbianas

u Microorganismos electroactivos transfieren electrones a una superficie

Las bacterias transfieren los electrones a un ánodo en condiciones 
anaerobicas, en el cátodo se reduce el oxígeno generando electricidad

Celdas microbianas



Tipos de celdas microbianas
Tipos de celdas microbianas



Mecanismos de trasnferencia de 
electronesMecanismos de transferencia de 

electrones a la superficie

Lovley et al., 2006

Geobacter 
sulfurreducens  
 “nanowires”

Pseudomonas alcaliphila
 Fenazinas mediadoras

Zhand et al., 2012

Okamoto et al., 2012

Shewanella oneidensis 
Transporte vía citocromos



Biofilms en celdas microbianas
Biofilms en MFC



Celdas microbianas asociadas a la 
producción de hidrógeno
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to gain extra energy from cheese whey as a second stage 
process during raw cheese whey treatment by dark fermen-
tation process.

Keywords Microbial fuel cell · Cheese whey · 
Biohydrogen · Microbial community · Amplicon 
sequencing · Anode bacteria isolation

Introduction

Cheese whey is a liquid by-product that remains after the 
cheese making process and represent up to 95% of the 
initial milk volume and is considered an important pol-
lutant partially due to its high chemical oxygen demand 
(0.8–102 gCOD/L) [1]. Dry matter in cheese whey accounts 
up to 7% and is composed by lactose, proteins, salts, lipids, 
lactic acid, citric acid and nitrogenated compounds such as 
urea and uric acids [2]. The typical treatment for this waste-
water are anaerobic lagoons, but more efficient technolo-
gies as nutrient and water recovery or anaerobic digestion 
have been explored and applied at full scale [1]. One inter-
esting alternative for cheese whey treatment is dark fermen-
tation where biohydrogen is produced, which we and other 
authors have demonstrated feasible [3–10]. However, this 
option presents some limitations like strong variations in 
hydrogen yields and the incomplete degradation of organic 
matter remaining as volatile fatty acids which indicates that 
further research is necessary to obtain a stable and efficient 
system [4, 9, 11].

Within bioelectrochemical systems, microbial fuel cells 
(MFC) are emerging as a new alternative for energy recov-
ery during treatment of wastewaters. In MFCs the organic 
matter is converted to  CO2, protons and electrons by micro-
organisms as part of their metabolism using the anode 

Abstract An important pollutant produced during the 
cheese making process is cheese whey which is a liquid 
by-product with high content of organic matter, composed 
mainly by lactose and proteins. Hydrogen can be produced 
from cheese whey by dark fermentation but, organic mat-
ter is not completely removed producing an effluent rich 
in volatile fatty acids. Here we demonstrate that this efflu-
ent can be further used to produce energy in microbial 
fuel cells. Moreover, current production was not feasible 
when using raw cheese whey directly to feed the microbial 
fuel cell. A maximal power density of 439  mW/m2 was 
obtained from the reactor effluent which was 1000 times 
more than when using raw cheese whey as substrate. 16S 
rRNA gene amplicon sequencing showed that potential 
electroactive populations (Geobacter, Pseudomonas and 
Thauera) were enriched on anodes of MFCs fed with reac-
tor effluent while fermentative populations (Clostridium 
and Lactobacillus) were predominant on the MFC anode 
fed directly with raw cheese whey. This result was further 
demonstrated using culture techniques. A total of 45 strains 
were isolated belonging to 10 different genera including 
known electrogenic populations like Geobacter (in MFC 
with reactor effluent) and known fermentative populations 
like Lactobacillus (in MFC with cheese whey). Our results 
show that microbial fuel cells are an attractive technology 

Electronic supplementary material The online version of this 
article (doi:10.1007/s00449-017-1746-6) contains supplementary 
material, which is available to authorized users.
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1 (fed with raw cheese whey) (Fig.  1). The maximum 
cell potential obtained for MFC 2 was 0.209 V in the first 
operation cycle with reactor effluent but dropped to 0.142 
and 0.097  V in the second and third cycles, respectively 
(Fig.  1). MFC 1 reached only 0.035  V in the first feed 
cycle with raw cheese whey and this potential was never 
exceeded in subsequent cycles (Fig. 1). The control MFC 
(fed with acetate) reached almost a constant potential close 
to 0.2 V in every successive feed cycle (Fig. 1). Polariza-
tion curves performed at the last cycle of operation showed 
that MFC 2 produced higher optimal current density than 
MFC 1 (Table  2). However, both produced less optimal 
current density than the control. When comparing power 
densities, MFC 2 produced 1000 times more power density 
than MFC 1 and the control produced a maximum power 
density 1.2 times higher than MFC 2 (Table 2). The cou-
lombic efficiency (CE) (calculated from the current meas-
ured during MFC operation) obtained for MFC 2 was 24%, 
whereas for MFC 1 the CE was 14% but, the COD removal 
in MFC 1 was only 42%. Both CEs were lower than the CE 
of the control MFC (46%) (Table 2).

To determine if the current was related to the con-
sumption of organic compounds present in the complex 
substrates reducing sugars and volatile fatty acids were 
measured. Reducing sugars were the main substrate at the 
beginning of the operation cycle in MFC 1 and were con-
sumed producing VFAs (mainly acetic) which remained in 
the MFC until the end of the batch cycle (Fig. 2a). In MFC 
2 no reducing sugars were detected in the substrate and the 
main VFAs present initially were acetic, butyric and propi-
onic acids. After one operation cycle, all measured VFAs 
were completely consumed. The pH in MFC 1 decreased 
reaching a value of 4.7 at the end of the batch cycle while 
pH remained close to 7 until the end of the experiment in 
MFC 2 (Fig. 2).

Microbial community analysis of anodes

To understand the differences in the electrochemical per-
formance of the MFCs through the anode microbial 

communities, we performed 16S rRNA gene based high 
throughput sequencing analysis. A total of 4877, 5334 and 
2673 high-quality reads (average length of 225  bp) were 
obtained for MFC 1, MFC 2 and control MFC, respectively. 
The number of OTUs at 3% distance were 211 for MFC 1, 
213 for MFC 2 and 155 for the control MFC. Alpha diver-
sity indexes calculated from pyrosequencing data showed 

Table 2  Electrochemical 
performance determined 
as current densities, power 
densities and coulombic 
efficiencies of the operated 
microbial fuel cells are 
presented

a The concentration of each substrate was 2.5 gCOD/L
b The effluent used was obtained from a biohydrogen producing reactor fed with cheese whey
c Optimum values are presented obtained from polarization curves
d Calculated theoretically from VFA and lactose concentrations

MFC Substratea Current density 
(A/m2)c

Power density 
(mW/m2)c

Coulombic effi-
ciency (%)c

COD 
removal 
(%)d

MFC 1 Cheese whey 1.37 0.34 14 41
MFC 2 Reactor  effluentb 1.71 439 24 100
Control Acetate 2.17 504 46 100

Fig. 1  Potential response for MFC 1 (fed with raw cheese whey) and 
MFC 2 (fed with biohydrogen reactor effluent) compared to the con-
trol MFC (fed with acetate) in consecutive batch cycles. Time 0 indi-
cates the moment when the influent was changed from acetate to the 
complex substrate. Arrows indicate consecutive substrate additions

Author's personal copy
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Consumo de sustratos

812 Bioprocess Biosyst Eng (2017) 40:807–819

1 3

that the microbial community on the anode from MFC 2 
presented higher diversity (Shannon indexes) and even-
ness (Dominance index) than the microbial communities 
of the anodes from the MFC1 and control MFC (MFC 
1: 2.879 and 0.193; MFC 2: 3.616 and 0.049 and control 
MFC 3.073 and 0.097, Shannon and Dominances indexes, 
respectively).

Weighted UniFrac analysis followed by principal com-
ponent analysis showed that the microbial communities 
from the anode of MFC 2 and control MFC were phyloge-
netically more similar than the community from the anode 
of MFC 1 (Fig. 3a). The microbial communities from MFC 
2 and control MFC anodes share 43 OTUs while only 16 

OTUs are shared by the microbial communities of MFC 1 
anodes and the control MFC anodes (Fig.  3b). This indi-
cates a strong selective pressure of the substrates used on 
the microbial communities developed on the anodes.

The OTUs analyzed at phylum level were grouped into 
28 phyla being the main phyla Proteobacteria and Fir-
micutes (Fig.  4). Firmicutes was clearly predominant in 
MFC 1 anodes accounting for 73% of the total sequences, 
whereas both Proteobacteria and Firmicutes were pre-
dominant in MFC 2 anodes (31 and 42%, respectively) and 
the control MFC anodes (29 and 38%) (Fig. 4). The com-
position within Proteobacteria showed a predominance of 
the classes Alpha, Beta, Gamma and Delta Proteobacteria 

Fig. 2  Volatile fatty acids (VFA) concentration, lactose concentra-
tion (measured as reducing sugars) and pH during one batch cycle 
for MFC 1 (a) and MFC 2 (b). Lactose is only shown for MFC 1 as 
it was not detected in MFC 2. pH (open square), Lactose (plus sym-

bol), Acetic acid (closed square), Propionic acid (closed circle), Lac-
tic acid (asterisk), Isobutyric acid (multiple symbol), Butyric acid 
(closed triangle). For the control MFC acetate was completely con-
sumed (data not shown)

Fig. 3  a Weighted UniFrac analysis with principal component analy-
sis (PCA) of pyrosequencing results for MFC 1 (fed with raw cheese 
whey), MFC 2 (fed with biohydrogen reactor effluent), the control 
MFC (fed with acetate) and the inoculum. The percentage of varia-

tion explained is presented on each axis. b Overlap of OTUs in bacte-
rial communities from MFC 1, MFC 2 and control MFC. The number 
in parentheses indicates the total number of OTUs in the community

Author's personal copy
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on the anodes of all MFCs and Firmicutes was dominated 
by Bacilli and Clostridia. However, relative abundances 
of each class changed depending on the MFC substrate 
(Fig.  4). Main OTUs within Protebacteria were different 
in the different MFC anodes indicating the strong influence 
of the substrate used. One OTU (429) predominant in the 
control MFC (19.2%) and in MFC 2 (6.1%) was, accord-
ing to the phylogenetic tree, closely related to Geobacter 
anodireducens (Table 3; Figure S1). Several species within 
the genus Geobacter have been shown to be exoelectro-
genic bacteria and OTU 429 might be relevant for current 
production in MFC 2 and the control MFC. OTU 123 clas-
sified according to the phylogenetic tree within the genus 
Pseudomonas, was more abundant in MFC 2 than OTU 
429 (8.7 vs 6.1%) (Table 3; Figure S1). Pseudomonas aer-
uginosa has been reported as electroactive and the genus 
Pseudomonas has been frequently found, using rRNA 16S 
amplicon sequencing, on anodes of MFCs indicating that 
OTU 123 might also be related to current production in 
MFC 2 [40].

In MFC 2 and the control MFC, predominant OTUs 
within Firmicutes were classified, according to the phy-
logenetic analysis as belonging to the genera Fusibacter, 

Clostridium, Dethiosulfatibacter and the family Peptostrep-
tococaceae. (Table  3; Figure S1). A completely different 
community was detected on the anode of MFC 1 where the 
predominant OTUs were classified as belonging to the gen-
era Lactobacillus, Streptococcus and Clostridium (Table 3; 
Figure S1).

The microbial communities developed on the anodes 
differ strongly from the microbial community of the inocu-
lum used, presenting high abundance of three OTUs classi-
fied within the phylum Fusobacteria, and the genera Rho-
dopseudomonas and Arcobacter which were not present in 
the microbial communities of the MFC anodes indicated a 
strong influence of the substrate and the MFC operation on 
the anode community selection (Table 3; Figure S1).

Isolation of bacteria from the anodes

45 bacterial strains were isolated from the different anodes 
using different culture media and incubation conditions. 
From the anodes of MFC 2, 19 isolates were obtained and 
classified according to the phylogenetic analysis to the 
genera Pseudomonas, Paracoccus, Raoultella, Geobacter, 
Achromobacter, Ochrobactrum and Lactobacillus (Table 4; 

Fig. 4  Microbial community composition at phylum level and class 
level of anodes from MFC 1 (fed with raw cheese whey), MFC 2 
(fed with biohydrogen reactor effluent) and the control MFC (fed 

with acetate), obtained by 16S rRNA gene pyrosequencing. Phyla or 
classes with relative abundances below 1% are grouped and named 
“Other”
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1 (fed with raw cheese whey) (Fig.  1). The maximum 
cell potential obtained for MFC 2 was 0.209 V in the first 
operation cycle with reactor effluent but dropped to 0.142 
and 0.097  V in the second and third cycles, respectively 
(Fig.  1). MFC 1 reached only 0.035  V in the first feed 
cycle with raw cheese whey and this potential was never 
exceeded in subsequent cycles (Fig. 1). The control MFC 
(fed with acetate) reached almost a constant potential close 
to 0.2 V in every successive feed cycle (Fig. 1). Polariza-
tion curves performed at the last cycle of operation showed 
that MFC 2 produced higher optimal current density than 
MFC 1 (Table  2). However, both produced less optimal 
current density than the control. When comparing power 
densities, MFC 2 produced 1000 times more power density 
than MFC 1 and the control produced a maximum power 
density 1.2 times higher than MFC 2 (Table 2). The cou-
lombic efficiency (CE) (calculated from the current meas-
ured during MFC operation) obtained for MFC 2 was 24%, 
whereas for MFC 1 the CE was 14% but, the COD removal 
in MFC 1 was only 42%. Both CEs were lower than the CE 
of the control MFC (46%) (Table 2).

To determine if the current was related to the con-
sumption of organic compounds present in the complex 
substrates reducing sugars and volatile fatty acids were 
measured. Reducing sugars were the main substrate at the 
beginning of the operation cycle in MFC 1 and were con-
sumed producing VFAs (mainly acetic) which remained in 
the MFC until the end of the batch cycle (Fig. 2a). In MFC 
2 no reducing sugars were detected in the substrate and the 
main VFAs present initially were acetic, butyric and propi-
onic acids. After one operation cycle, all measured VFAs 
were completely consumed. The pH in MFC 1 decreased 
reaching a value of 4.7 at the end of the batch cycle while 
pH remained close to 7 until the end of the experiment in 
MFC 2 (Fig. 2).

Microbial community analysis of anodes

To understand the differences in the electrochemical per-
formance of the MFCs through the anode microbial 

communities, we performed 16S rRNA gene based high 
throughput sequencing analysis. A total of 4877, 5334 and 
2673 high-quality reads (average length of 225  bp) were 
obtained for MFC 1, MFC 2 and control MFC, respectively. 
The number of OTUs at 3% distance were 211 for MFC 1, 
213 for MFC 2 and 155 for the control MFC. Alpha diver-
sity indexes calculated from pyrosequencing data showed 

Table 2  Electrochemical 
performance determined 
as current densities, power 
densities and coulombic 
efficiencies of the operated 
microbial fuel cells are 
presented

a The concentration of each substrate was 2.5 gCOD/L
b The effluent used was obtained from a biohydrogen producing reactor fed with cheese whey
c Optimum values are presented obtained from polarization curves
d Calculated theoretically from VFA and lactose concentrations

MFC Substratea Current density 
(A/m2)c

Power density 
(mW/m2)c

Coulombic effi-
ciency (%)c

COD 
removal 
(%)d

MFC 1 Cheese whey 1.37 0.34 14 41
MFC 2 Reactor  effluentb 1.71 439 24 100
Control Acetate 2.17 504 46 100

Fig. 1  Potential response for MFC 1 (fed with raw cheese whey) and 
MFC 2 (fed with biohydrogen reactor effluent) compared to the con-
trol MFC (fed with acetate) in consecutive batch cycles. Time 0 indi-
cates the moment when the influent was changed from acetate to the 
complex substrate. Arrows indicate consecutive substrate additions
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Importancia de los biofilm en sistemas 
de tratamiento de aguas residuales

Importancia de biofilms en sistemas de 
tratamiento

• Mayor cantidad de biomasa en el reactor, sistemas 
con mayor capacidad y menor tamaño. 

• Evitan el sedimentador externo 

• Mejoran la transferencia entre diferentes grupos de 
microorganismos. 

• Permite realizar sistemas combinados.



Control del crecimiento en el biofilm
Control del crecimiento del biofilm

• Flujo del liquido 

• Recirculación 

• Concentración de sustrato 

• Tipo de sustrato



Biofilms en sistemas de purificación y 
suministro de agua potable

u Filtros de arena

u Biofiltros

u Biofilm en cañerías (desprendimiento de biofilm)
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