
Int.J.Curr.Microbiol.App.Sci (2015) 4(1): 625-634   

625

    
Original Research Article  

Bioflocks structure from enriched lab-scale stabilization ponds  
used to remove high chromium concentrations  

L.F.Prieto-Contreras1,2, F.J.Avelar-González1,V.M.Loera-Muro1, C.Quiñones-Valles1, 
A.Loera-Muro1, E.M.Ramírez-López1, F. Esparza-García3 and A. L. Guerrero-Barrera1*  

1Centro de Ciencias Básicas, Universidad Autónoma de Aguascalientes, Mexico 
2Doctorado en Ciencias Biológicas, Universidad Autónoma de Aguascalientes, Mexico 

3Departamento de Biotecnología e Ingeniería, CINVESTAV-IPN, Mexico 
*Corresponding author      

                  A B S T R A C T                                

Introduction  

Stabilization ponds are a cost-efficient 
method for the treatment of municipal and 
non-toxic industrial effluents. Enrichment 
procedure using activated sludge from a 
municipal wastewater treatment plant has                

been developed to increase the biomass 
concentration and activity in stabilization 
ponds, which produces better efficiency and 
capacity to remove high organic and toxic 
phenol loads. The enriched ponds removed 
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Architecture of bioflocks from labscale anoxic stabilization ponds enriched with 
activated sludge, used to remove efficiently high concentrations of chromium VI, 
until 153 mg/l with near 99% of removal efficiency, was determined by scanning 
electronic microscopy. This flocculated biomass showed a biofilm-like architecture 
formed by cylindrical towers and scattered structures on the surface showing liquid 
channels inside the bioflock, characteristic of biofilm architecture, but they were 
not attached to any inert surface. Before chromium treatment bioflocks had a gram 
negative: gram positive bacteria proportion of 50: 50%. After chromium treatment 
these proportion changes to 70: 30%, respectively. The viability of flocculated 
biomass before and after chromium treatment was almost 100%, determined by 
Live/Dead Bactlight Kit (Molecular Probes). Before chromium treatment, bioflocks 
were characterized and the bacteria present were isolated, biochemically 
characterized and sequenced using rRNA, these bacteria were Aeromonas 
hydrophila AKR1, Curtobacterium sp Fek 20, Staphylococcus saprophyticus 
OTUC3, Bacillus sp By130 (A) Ydz-ds, Citrobacter sp I101-10, Pseudomonas 
aeruginosa, Escherichia coli UMN 026, Morganella morganii BH-16, Klebsiella 
pneumoniae subsp. pneumoniae MGH78578, Aeromonas salmonicida subsp. 
salmonicida and Enterobacter sp YRL01. After chromium treatment only were 
found Escherichia coli UMN 026, Acinetobacter sp TPR 15 and Morganella 
morganii BH-16. These results show a selection of chromium resistant species.  
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organic matter twice faster and phenol seven 
times faster than traditional ponds, and the 
flocculated biomass resulted from the 
enrichment procedure was the main 
responsible of the removal of both 
contaminants (Avelar et al., 2001; Avelar et 
al., 2003; Ramos et al., 2005, 2007). 
However, the architecture and the structure 
of this flocculated biomass are unknown.  

Microorganisms in nature have been 
development survival strategies against 
adverse environment, so they could survive 
as microbial consortia like biomats or 
biofilms (Boles and Horswill, 2008; 
Chandra and Ghannouum, 2004; Hu et al., 
2005). Biofilms are bacterial communities 
that include one or several species, which 
are adhered to inert surfaces or tissue alive. 
Biofilms produces extracellular matrix that 
usually are compound by 
exopolysaccharides (EPS), proteins and 
sometimes nucleic acids (Chandra et al., 
2001; Donlan, 2002; Hu, et al., 2005; 
Palmer and Stoodley,  2007; Parsek and 
Fuqua, 2004; Post et al., 2004; Rice et al., 
2005; Singh et al., 2003; Yi et al., 2004).   

Biofilms promotes metabolic interactions as 
antagonism, mutualism, interspecific 
competition and commensally relationships. 
These communities increase the antibiotic 
and antimicrobial resistance (Boles and 
Horswill, 2008; Kirisits et al., 2005; Lindsay 
and Von Holy, 2006; Mangallappalli-Illathu 
and Korber, 2006; Parsek and Fuqua, 2004; 
Spoering and Lewis, 2001; Suthereland et 
al., 2007).    

Priester et al. (2006) found that relationship 
between metals and bacteria involve EPS, 
which promotes nutrient retention, adhesion 
cell-substrate, signaling cell to cell and 
protection of individual cells from 
depredators and chemical degradation. EPS 
also could stabilize heavy metals (Priester et 
al., 2006).  

In a biofilm could be found photosynthetic, 
chemosynthetic, chemolithotrophic, motile 
and non-motile bacteria, which live in 
symbiosis. Biofilm could have Gram 
negative and Gram positive mixture of 
bacteria or only one type of Gram bacteria. 
In this work are explored the biomass 
flocculated structure by scanning electron 
microscopy, the bacterial composition and 
the changes produces in both blioflocks 
before and after treatment with chromium 
(153 mg/l).   

Materials and Methods  

Bacterial isolation   

Biomass flocculated (30 ml) without or with 
chromium treatment (153 mg/l) was 
homogenized and washed three times with 
0.1X PBS. 100 l of a 1:20 dilution of this 
homogenized biomass were grown on agar 
BHI or BHI with 100 mg/l of K2Cr2O7 pH 5 
and incubated at 30°C all night long (Leung 
et al., 2000). Bacterial colonies were 
selected according with their morphology. 
Every colony was re-cultured individually. 
These colonies were incubated at 30°C, 24 
hrs and after Gram staining was done to 
check their purity. After isolation, 
biochemical characterization was done using 
Api NE or Api E galleries (Biomériéux).   

Bacterial nucleic acid extraction, reverse 
transcription polymerase chain reaction 
and molecular identification of bacterial 
strains.   

After biochemical characterization of all 
isolated bacterial strains, each was grown in 
brain heart infusion media (Beckton-
Dickinson) at 30°C for 24 hrs. After, the 
extraction of nucleic acids was done 
according to Sambrook and Russell method 
(2001), PCR was performed by using 
universal rRNA primers 16s (27f) 
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AGAGTTTGATCMTGGCTCASG and 16s 
(1492R) TACGGYTACCTTGTTACGACT 
T. For amplification reaction 200 ng of 
nucleic acids was used, with 40 pM of each 
primer and 25 l of 1X PCR Master Mix 
(Fermentas), used for final volume (50 l) 
of reaction mixture. PCR conditions were 30 
cycles at 94°C for 30 min, 48°C 1 min and 
72°C for 2 min. The purification and 
sequentiation were done by Macrogen Corp. 
Every sequence was compared with 
GenBank data (NCBI) for the identification 
of the bacterial strains.  

Viability-test  

Duplicated random samples were taken from 
flocculated biomass with or without 
chromium treatment (153 mg/l). As negative 
control, flocculated biomass from labscale 
stabilization ponds without chromium 
treatment was used. Flocculated biomass 
was homogenized and washed three times 
with 0.1X PBS. Dead/Live BacLight kit 
(Molecular Probes) was used in order to test 
viability. Images were taken with 
microscope, Zeiss Axioscope 40, and 
captured using the Image Pro Plus System 
(Cybernetics).   

Flocculated biomass scanning electron 
microscopy  

Flocculated biomass was homogenized, 
washed and diluted as mentioned in isolation 
section. Three microliter of 1:20 dilution 
was taken and air dried. After this, samples 
were dehydrated in alcohol with increased 
dilution series (60 100%). The excess 
humidity was removed with liquid CO2, in 
critic point chamber (Tousimis). Dehydrated 
samples were covered using chamber Desk 
II. Samples were observed with scanning 
electron microscope Jeol LV-5900. The 
images were captured with microscopy 
software.   

Chromium removal  

Samples were taken every third day from 
effluents of stabilization ponds enriched 
with bioflocks treated with chromium (153 
mg/l), as well as control ponds. Using 
atomic adsorption the chromium 
concentration was determined as Avelar et 
al. (2003), described.  

Results and Discussion  

Microorganism identification  

From bioflocks from random sampling were 
isolated and identified by biochemical 
characterization and molecular sequentiation 
of several species. They were characterized 
using 16S rRNA partial sequence analysis. 
From no treated system were isolated: 
Aeromonas hydrophila AKR1, 
Curtobacterium sp Fek 20, Staphylococcus 
saprophyticus OTUC3, Bacillus sp By130 
(A) Ydz-ds, Citrobacter spI101-10, 
Pseudomonas aeruginosa, Escherichia coli 
UMN 026, Morganella morganii strain BH-
16, Klebsiella pneumoniae subsp. 
pneumoniae MGH78578, Aeromonas 
salmonicida subsp. salmonicida and 
Enterobacter sp YRL01. While from 
chromium treated systems the following 
were isolated: Escherichia coli UMN 026, 
Acinetobacter spTPR 15, Morganella 
morganii BH-16.  

Viability test   

Bioflocks from stabilization ponds control 
or chromium treated are shown in figure 1. 
Their viability was explored by Dead/Live 
BacLight Kit (Molecular Probes). Panels A 
and C shows the optic views of bioflocks 
while panels B and D shows the results of 
viability test observed by epifluorescence. 
Green microorganisms were alive, while red 
microorganisms were dead. For both 
bioflocks without or with chromium 
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treatment the viability found was almost 
90%. Figure 2 showed the Gram type 
proportion in the bioflocks before and after 
chromium treatment. Before chromium 
treatment proportion between Gram positive 
and Gram negative bacteria was 50:50 (Fig. 
2A); whilst after chromium treatment the 
Gram positive proportion was reduced to 
30% while Gram negative bacteria increased 
to 70% (Fig. 2B). In Figure 2B also showed 
crystals that are surrounded by biomass.  

Bioflocks structure observed by scanning 
electron microscopy   

The stabilization ponds flocculated biomass 
from both systems with or without 
chromium treatment showed a biofilms like 
structure. They show bacteria in attachment 
phase, also growth structures and detaching 
structures with water channels as it is shown 
in Fig. 3 and Fig. 4, but these biofilms are 
not attached to a solid surface as normal 
biofilms are. In Fig. 4 it is shown that at 
least diversity, apparently the bioflock 
structure is less tight.   

The pollution caused by heavy metals in 
wastewater is a serious problem because 
these elements are not biodegradable and 
can accumulate in living tissues (Deng et al., 
2006; Quintelas et al., 2009).  The 
conventional methods for heavy metal 
removal from industrial effluents are 
precipitation, coagulation, ion exchange, 
cementation, electro-dialysis, electro-
winning, electro-coagulation and reverse 
osmosis (Ahluwalia and Goyal, 2007; 
Quintelas et al., 2009). These technologies 
are expensive, mainly when applied to dilute 
solutions they not have a good efficiency 
and usually generating huge volumes of 

sludge containing high levels of heavy 
metals, which have to be disposed. Due to 
these, new technologies are necessary 
(Cossich et al., 2004; Quintelas et al., 2009). 
In these sense, stabilization ponds enriched 
with bioflocks represent a good alternative, 
because they have a high removal capacity 
and resistance to high chromium 
concentration due to a biomass increasing, 
microbial population selection with 
acclimatization and with high organic levels 
as well as with the treatment with other 
xenobiotics (Avelar et al., 2003; Chambless 
et al., 2006; Ramos et al., 2005).    

Acclimatized systems showed chromium 
removal capacities of 99%, instead of the no 
enriched system that have only 5% of this 
removal capacity (data not shown). Here, the 
results show that chromium treatment 
produces a microorganism selection in 
bioflocks. Thus, control bioflocks showed 
eleven different bacterial species, instead of 
chromium treated systems that only showed 
three different species, this microbial 
selection caused by a xenobiotic in high 
level has been found also for other authors 
in activated sludge (Leung et al., 2000; Ye 
et al., 2005; Vilchez, 2007; Stewartt, 2008). 
As results showed, all the experiment cells 
still alive, but there was a specific selection.   

The selected species in the stabilization 
ponds treated with chromium, Escherichia 
coli, Acinetobacter sp and Morganella 
morganii, showed adaptation to chromium 
stress conditions. These species as other 
authors have been proposed could have 
synergic metabolism to remove chromium 
(Burmolle et al., 2006; Teitzel and Parsek, 
2003; Stewartt and Franklin, 2008).       
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Figure.1 Bioflocks from control stabilization ponds. (A) Structure observed by light microscopy 
(400X). (B) Viability test using Dead/Live BactLight kit (Molecular Probes) in comparison 
withbioflocks from stabilization ponds treated with 153 mg/L chromium. (C) Structure observed by 
light microscopy (400X). (D) Viability test using Dead/Live BactLight kit. The observation was made 
by epifluorescence using FITC filter (400X)  

   

Figure.2 Gram staining of stabilization ponds bioflocks. (A) Control bioflock, Gram positive: Gram 
negative proportion 50: 50%. (B) Bioflock treated with 153 mg/L of chromium. Gram positive: Gram 

negative proportion 30:70% (400X)  
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Figure.3 Scanning electron micrographies of control bioflock without chromium treatment. (A) Water 
channel structure. (B) Biofilm structure (C and D) Mixed-species heterotrophic biofilm grown shown 

different kind of bacteria and some water channel between them  

   

Figure.4 Scanning electron micrographies of chromium treated bioflock (153 mg/L). (A) and (B) show 
microorganism growth. (C) shows a close up of water channel in biofilm structure. (D) Mixed-species 
heterotrophic biofilm grown shown different kind of bacteria and some water channel between them  

  

A
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Molokwane et al. (2008) have been found 
that bacteria consortia collected from a 
waste water treatment plant in South 
Africa in aerobic conditions completely 
remove chromium VI (150 mg/L), after 
150 h and in that conditions Bacillus sp 
and Microbacterium sp are selected. Their 
results are similar to the results obtained in 
the present work.  

E. coli and Acinetobacter sp have been 
reported as good microorganisms to 
remove chromium VI from tanneries or 
from industrial waste water (Srivastava 
and Thakur, 2007; Quintelas et al., 2008), 
and Morganella morganii has been found 
multiplied during the transit of the organic 
residues through the gut of worms, but no 
removal of chromium capability has been 
found before of the present work 
(Parthasarathi et al., 2007), however its 
capability could be related with 
phosphatase mediated chromium 
accumulation that is observed in M. 
morganii with other heavy metals  
(Macaskie et al., 1994).    

One of the resistance mechanisms reported 
in several bacterial species are biofilms. A 
bacterial biofilm is a community of 
microorganisms attached to a solid surface 
using extracellular polymeric substances 
(Branda et al.. 2005; Wood et al., 2006). 
In nature, biofilm formation has several 
steps, attachment, growth and detaching 
(Langmark et al., 2005). During the 
process, water channels formation is the 
main characteristic. Pseudomonas 
aeruginosa during biofilm development 
exhibits mushroom-like structures which 
have been attributed to stress forces 
conditions (Stoodley et al., 1999) and 
substrate gradients (Chang et al., 2003) 
that could be involved differential gene 
expression (Espinoza-Urgel, 2003).   

In our systems are found mushroom like 
structures (Figs.  4 and 5), these 
mushroom structures form channel that is 
reported are used for nutrient and waste 
flow. The bioflocks seems to be biofilms 
that not are attached to any inert surface 
(Drudge and Warren, 2014; Ofi eru et al., 
2014). They are attached between them 
probably by exo-polysaccharides which 
are high expressed when high chromium 
levels are present in Acinetobacter sp (data 
not shown). More studies are necessary to 
show what kind of exo- polysaccharide 
this specie is producing.  
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