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Aerated lagoons are a main unit operation for wastewater treatment in 
the paper industry. Many such operations involve inoculation with 
bacterial formulations in which in situ effectiveness has not been proven; 
this can be translated into low efficiency in treatment and unnecessary 
investments. Lack of knowledge of bacterial biodiversity present in a 
lagoon limits the capacity to exploit the maximum degradation. To 
overcome such problems, various methods to identify and study these 
microorganisms have been developed. In this study, a PCR-DGGE 
analysis was performed to estimate the bacterial diversity and to verify 
the presence of bacteria present in a commercial inoculum in two 
aerated lagoons of a pulp and paper effluent. Phylogenetic affiliation of 
predominant member’s correspondent to γ- and β-proteobacteria and 
Firmicutes were found. The dominant bacteria present in lagoon 2 
belonged to the following genus Microbacterium sp. Rhodocyclaceae 
sp., Eubacterium sp. and B. subtilis. In lagoon 1 the dominant genus 
included Microbacterium sp., Rhodocyclaceae sp. Tepidimonas sp., 
Acetanaerobacterium sp., and Flavobacteria sp. The two characterized 
lagoons were not similar to the commercial inoculum. In addition, non-
dominant bacteria (less relative intensity) were composed mostly of 
bacteria of the commercial inoculum. 
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INTRODUCTION 
 
 Wastewaters of pulp-and-paper mills can be potentially polluting and very 

dangerous, so they should be treated before being discharged (Ashrafi et al. 2015). The 

most common aerobic biological methods used in the treatment of pulp mill effluents are 

aerated lagoons (Bajpai 2012). Of the microorganisms involved in the depuration process, 

bacteria stand out; they are able to convert organic matter to carbon dioxide, water, and 

biomass, which can be removed by physical methods (Welander et al. 1997; Forster et al. 

2003). The stability and permanence of bacteria in the system ensures an efficient process. 

However, lagoons are subjected to various perturbations such as variations in pH, high 

organic loads, presence of toxic compounds, and seasonal changes (Mueller et al. 1977). 

To counteract these effects, a biomass support material (Welander et al. 1997) or lagoons 

that are inoculated with commercial inoculum are introduced. 
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 The application of traditional and molecular techniques has provided a glimpse into 

the industry’s “black box” and has given information to improve the wastewater treatment 

process. Currently, a great variety of molecular methods are available that provide more 

information than the widely known culture methods. Fingerprint methods, such as DGGE, 

can be used to monitor through the purification process (Bailón-Salas et al. 2017). 

However, few reports concerning the study of bacterial communities in aerated lagoons in 

a pulp and paper effluent exist (Liss and Allen 1992; Yu and Mohn 2001). The lack of 

knowledge of the bacterial communities present in the aerated lagoons of the pulp and 

paper effluent limits the capacity to take advantage of maximizing its purifying capacity. 

  The wastewater treatment plant (WWTP) of this study is located in northern 

Mexico and receives effluent from the pulp and paper mill industry. This plant performs a 

pre-treatment based on sieves, using a clarifier as the primary treatment, a secondary 

treatment based on two lagoons in series, posteriorly a packaged filter, and a chlorine-based 

final disinfection process. This study was performed in the secondary treatment. The 

lagoons are inoculated daily with a commercial inoculum, whose in situ effectiveness has 

not been proven.  

 The aim of this research is to verify the presence of bacteria from the commercial 

inoculum and identify the bacterial community composition in two aerated lagoons of pulp 

and paper effluent using PCR-DGGE. A 16S rDNA-based approach to determine the 

bacterial community associated with commercial inoculum was used. 

 
 
EXPERIMENTAL 
 

Materials 
 Wastewater samples were collected from the two aerated lagoons of pulp and paper 

mill effluent from the WWTP located in northern Mexico. Dimensions of the lagoons are 

20 m x 120 m x 7 m and an occupied volume of 93,480 m3. Samples were stored at 4 °C 

until used for DNA extraction and physicochemical analysis.  

 Temperature, dissolved oxygen (DO), electrical conductivity (EC), and pH were 

determined in situ with an HQ40d Portable device (HACH Company, Loveland CO, USA) 

for each lagoon. Settleable solids (SS) was analyzed gravimetrically. The biochemical 

oxygen demand (BOD5) was determined by a manometric-respirometric method with a 

BODTrak™ II apparatus (Hach Company, 2010, Loveland, Colorado). The measurement 

of chemical oxygen demand (COD) was determined using the closed reflux (colorimetric) 

method described in section 5220-D and turbidity was determined by a spectrophotometric 

method to analyze water and wastewater (Rice et al. 2012). Using a photometer HI83225 

(HANNA Instruments Inc., Woonsocket, RI, USA) phosphorus, potassium, nitrates, and 

sulfates were determined. 

 
Commercial inoculum preparation 

 The commercial culture of microorganisms (unknown composition) was cultured 

in 3 mL of Lysogeny Broth (LB) medium and incubated overnight at 37 °C. To verify 

which species are not present under different conditions (lagoon conditions), standard 

conditions based on Kumar et al. (2008) were used. The commercial formulation in potato 

dextrose agar (PDA) was grown to confirm or discard the hypothesis that the formulation 

is also composed of fungi. 
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DNA extraction 

 To compare the banding profiles, simple and composite samples (all other sampling 

points) of each lagoon and commercial inoculum were processed. To eliminate suspended 

particles, 40 mL of water samples were pre-filtered, centrifuged, and washed with a 2 mL 

buffer Tris-EDTA (TE). Following the manufacturer´s instructions, the total metagenomics 

DNA, using a soil DNA isolation kit (MO BIO Laboratories, Inc., Carlsbad, CA, USA), 

was extracted. The extraction was visualized on 1% agarose gels stained with ethidium 

bromide (Bio-Rad Laboratories, Inc., Irvine, CA, USA). 

 

Methods 
Polymerase chain reaction (PCR) amplification and denaturing gradient gel 

electrophoresis (DGGE) 

 Bacterial DNA was amplified using 357f/518r primers (357f: 5-CGCCCGCCG-

CGCGCGGCGGGCGGGGCGGGGGCACGGGGGGCCTACGGGAGGCAGCAG-3; 

518r: 5-ATTACCGCGGCTGCTGG-3) (Lopez et al. 2003; Sánchez et al. 2007), which 

amplify the variable region V3 of the 16S rRNA gene. Following the manufacturer’s 

instructions, the PCR reactions were performed in 25-μL volumes using Taq DNA 

polymerase (PROMEGA, Madison, USA). The amplification reactions were performed in 

a thermal cycler (T100 of BioRad, Irvine, CA, USA) using the following cycling program: 

initial denaturation at 95 °C for 5 min, followed by 35 cycles of denaturation at 94 °C for 

30 s, annealing at 57 °C for 30 s, and extension at 72 °C for 90 s. The final extension was 

at 65 °C for 10 min. All amplicons were analyzed on 1% agarose gels to confirm the size 

and yield; the bands were visualized in a PhotoDoc-It™ Imaging System (UVP LLC, Inc., 

Upland, CA, USA). 

 The DCode Universal Mutation Detection System (Bio-Rad Laboratories, Irvine, 

CA, USA) for the DGGE analysis was used. The PCR products (900 ng) were applied to 

polyacrylamide gel 8% (w/v) acrylamide/bisacrylamide, containing a 30% to 60% urea-

formamide denaturing gradient. The gels were run with 1X TAE buffer at a voltage of 20 

V for 10 min, 200 V for 120 min, and 120 V for 120 min at 60 °C (Lopez et al. 2003). For 

a higher resolution, the gel was silver-stained using the protocol described by Radojkovic 

and Kušic (2000). The bands were excised, crushed, and eluted in 30 µL of milliQ water. 

One microliter of eluted DNA for re-amplification was used, as described above. The PCR 

products with Wizard SV were purified gel and PCR Clean-Up System (Promega 

Corporation, Fitchburg, WI, USA); and sequenced by DNA Synthesis and the Sequencing 

Unit of the Institute of Biotechnology (UNAM, Morelos, Mexico). 

 

Phylogenetic analysis 

 The sequences were compared with 16S rRNA gene sequences published in the 

National Center for Biotechnology Information DNA database using Basic Local 

Alignment Search Tool (BLAST) (Bethesda, MD, USA) and were aligned using ClustalW 

of BioEdit 7.2.5 version (Hall 1999). The phylogenetic relationships were constructed with 

the Molecular Evolutionary Genetics Analysis (MEGA) version 7.0 (Kumar et al. 2016) 

using the Neighbor-joining similarity coefficient.  

 

Nucleotide sequence accession numbers 

 The sequences were deposited in the GenBank public database under the accession 

numbers: KY847917, KY847918, KY847919, KY847920, KY847921, KY847922, 
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KY847923, KY847924, KY847925, KY847926, KY847927, KY847928, KY847929, 

KY847930, KY847931, KY847932, KY847933, and KY847934. 

 

Analysis of DGGE profiles 

 The gel image was analyzed using Gelquant® software (Biochem, San Francisco, 

CA, USA). The DGGE profiles based on relative intensity (RI) of bands were analyzed 

and a presence-absence matrix was generated. The Shannon diversity index (H′), Shannon 

equitability index (EH′), richness (S) (total number of DGGE bands), and analysis of 

correlation (between lagoons and formulation) using BioDiversity Pro® version 2.0 

software (Scottish Association for Marine Science and the Natural History Museum of 

London, London, UK) were calculated in each sample (Shannon 1948). The distance 

matrix for constructing a similitude dendrogram was also used.  

 

 

RESULTS AND DISCUSSION 
 

 The samples were taken in March 2016 at 18 points for each lagoon (surface and 3 

m of depth) (Fig. 1), and resulted in 36 samples (18 samples per lagoon).  

 

 
Fig. 1. Sampling sites along the lagoons 

 
Physical and Chemical Characterization 
 Influent physicochemical characterizations during the sampling are shown in Table 

1. The temperature in lagoons 1 and 2 was 20 °C ± 0.32 and 18.4 °C ± 0.62, respectively. 

A lower temperature in the lagoon 2 would have a selective effect on the community. The 

succession was also partly autogenic, a consequence of the community’s activities. For 

example, the reduction of degradable organic carbon depleted certain substrates, including 

methanol and resin acids. The DO in both lagoons was lower than 1.07 mg/L. The 

degradation of organic carbon depleted DO to very low levels at the beginning of the 

system. A slight increase in pH was observed in lagoon 2 (7.44 to 7.81). The BOD5 was 

higher in lagoon 1, because lagoon 1 was receiving the effluent and therefore was the 

lagoon with the highest organic load (Table 1); this value was close to the BOD-initial that 

was reported by Ordaz-Díaz et al. (2014) and Welander et al. (1997). In the case of sulfates, 

these are used by bacteria as an oxidizing agent, which is reduced to hydrogen sulfide, the 

gas responsible for bad odors. The changing physicochemical conditions in the lagoon were 
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both a cause and a result of the community succession. The observed spatial gradients were 

due to the plug-flow regime of the lagoon and were generally gradual and constant. The 

characteristic pH for bleached kraft mill (BKM) effluents was reported by Schnell et al. 

(2000). The turbidity in lagoon 1 was higher, which again is consistent with the expected 

greater organic load. In addition, the free bacteria are too small to sediment, giving a 

characteristic turbidity to the effluent. Pulp mill effluents have a low nitrogen content, 

because of the low C:N ratio of wood. Nitrogen fixation has been reported in aerated 

lagoons treating pulp mill effluents (Bruce and Clark 1994; Clark et al. 1997). Certain 

physicochemical factors appeared to be particularly important in effecting community 

changes. 

Table 1. Physicochemical Characterization of Water Samples Collected in Both 
Aerated Lagoons 

 

DGGE Analysis of Bacterial Community 
 Simple samples (a specific point) and composites (all other points except the point 

corresponding to the simple sample) of each lagoon were analyzed to verify the 

homogeneity of the points sampled. Thus, the totals of samples analyzed in both lagoons 

were 4 (2 per lagoon). The simple and composite sample of lagoon 1 was designated as L1 

(sampling point 6) and L1C, respectively. Likewise, in lagoon 2 the samples were 

denominate as L2 (sampling point 3) and L2C. DNA fragment of the commercial inoculum 

were designated as F, (obtained from LB medium). Amplicons were also loaded onto the 

DGGE gel that corresponded to previously identified isolates, to favor the process of 

identification of bands. 

 A DGGE profile was used to investigate the bacterial community changes, presence 

of the commercial inoculum, and homogeneity of sampled points in pulp and paper aerated-

lagoons. There were 32 band positions detected in the denaturing gradient gels (Fig. 2).  

A matrix was constructed based on the presence or absence of bands (based relative 

intensity of each DGGE band). The percentages of abundance of bands detected in DGGE 

gel are shown in Table 2. The species richness was as follows: 14 in the formulation lane 

(F), 21 in L2 and L2C, and 19 and 17 in L1 and L1C, respectively. The highest species 

richness was presented in lagoon 2 (21 species). This may have been due to the bacteria-

leaving lagoon 1 along with the effluent. The bacteria present in the formulation were not 

part of the dominant bacteria in both lagoons. In addition, non-dominant bacteria (less 

relative intensity) were composed mostly of bacteria of the commercial inoculum. 

 

Parameter 
Lagoon 1 

(Composite 
sample) 

Lagoon 2 
(Composite 

sample) 
Parameter Lagoon 1 Lagoon 2 

pH 7.44 ± 0.04 7.81 ± 0.06 
SS (60 min 

mL/L) 
1 20 

Temperature 
(°C) 

20 ± 0.32 18.4 ± 0.62 P (mg/L) 13 ± 1.53 14 ± 2.64 

EC  (µS/cm) 2.350 ± 1.74 1.785 ± 1.18 K(mg/L) 17 ± 1.20 25 ± 1.73 

DO (mg/L) 0.66 1.07 NOx (mg/L) 5 ± 1.00 5 ± 0.78 

BOD5  (mg/L) 
439.16 ± 

4.71 
155 ± 3.87 SOX (mg/L) 20 ± 2.21 52 ± 2.00 

COD (mg/L) 
1387 ± 6.72 489.8 ± 7.32 

Turbidity (NTU) 
153 ± 
2.32 

17.8 ± 0.41 
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Fig. 2. DGGE-profiles of metagenomics DNA extracted from commercial formulation and water 
collected in two lagoons 

 

Table 2. Percentage of Abundance of Bacterial Communities Associated with 
Commercial Inoculum and Two Aerated Lagoons 

Band 
Number 

F L2 L2C L1 L1C 
Band 

Number 
F L2 L2C L1 L1C 

1 2.53  -  - -   - 17 -  5.24 4.60 4.74 4.52 

2 4.11  -  -  -  - 18  - 6.89 9.56 4.51   

3 5.34  -  - 1.54 2.18 19  - 1.84 0.80 1.47 2.08 

4 4.58  -  - 2.96 3.97 20 12.74 1.06 1.31 2.19 0.88 

5 2.30  -  -  -  - 21 3.75 1.92 0.55 2.21 0.63 

6 2.89  -  -  -  - 22  - 6.53 4.94  - -  

7   0.64 2.39 3.42 5.45 23  -  - -  11.56 16.05 

8 5.55  -  -  -  - 24  - 2.62 2.59 3.26 1.16 

9   3.55 1.88  -  - 25 22.45  -  -  -  - 

10   2.73 2.75  - -  26  - 8.52 10.29 13.29 10.37 

11 4.23  - -   -  - 27  - 6.51 5.92  -  - 

12 4.90 1.47 1.06 7.68 6.56 28  - 5.93 5.79 8.95 12.27 

13   4.92 3.64 8.53 11.37 29  - 8.29 5.67 2.43  - 

14 9.72 1.17 0.81 3.03 2.14 30 14.92  -  -  -  - 

15   9.49 11.21 3.12 1.89 31  - 3.05 3.40  -  - 

16   7.07 10.80 3.01 4.06 32  - 10.58 10.05 12.09 14.42 

Total of bands (S) 14 21 21 19 17 

  

The measured diversity in the five samples showed ranging high levels. The 

Shannon index (H ') showed an equitable abundance distribution: formulation = 1.039, L2 

= 1.233, L2C = 1.207, L1 = 1.172 and L1C = 1.088 (Table 2). Shannon's equitability 

assumed a value between 0 and 1, with 1 being complete evenness.  

 1 

 F   L2  L2C L1 L1C 
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Table 3. DGGE Shannon Diversity Index and Shannon Equitability Index to 
Commercial Inoculum and the Two Aerated Lagoons 

Index F LAG 2 LAG2C LAG1 LAG1C 

Shannon H' Log Base 10, 1.039 1.233 1.207 1.172 1.088 

Shannon Hmax Log Base 10, 1.146 1.322 1.322 1.279 1.23 

Shannon EH′ 0.907 0.933 0.912 0.917 0.884 

  

The similarity analysis showed a relationship between L2 and L2C (89.2 and 94.31, 

respectively) and between L1 and L1C (83.4 and 93.4, respectively). However, no 

significant correlation was shown between the formulation and both gaps (Fig. 3).  

 

Fig. 3. Dendrogram (single link) of correlation coefficient distance 
 
Sequencing of DGGE Bands and Phylogenetic Analysis 
 The phylogenetic affiliation of predominant members appertained for γ- and β- 

proteobacteria and Firmicutes. Each sequence submitted to the BLAST search is shown in 

the Table 4 and Fig. 4.  

 Phylogenetic identification of the dominant bacteria in lagoon 2 belonged to the 

genus Microbacterium sp. Rhodocyclaceae sp., Eubacterium sp. and B. subtilis specie. In 

lagoon 1 corresponded to the dominant genus Microbacterium sp., Rhodocyclaceae sp. 

Tepidimonas sp., Acetanaerobacterium sp., and Flavobacteria sp. 

Both Microbacterium sp. and Rhodocyclaceae sp. were present in both lagoons as 

dominant bacterial. These two bacteria are related to polycyclic aromatic hydrocarbons 

(PAH) degradation (Regonne et al. 2013). Chalbot et al. (2006) reported the presence of 

PAHs in recycled paper processing operations. Furthermore, it has been reported by Jung 

et al. (2002) that Microbacterium is able to degrade lignin; Tripathi et al. (2014) studied 

the production of lipases (isolated from residual sludge from a paper effluent); and Sun et 

al. (2007) studied the production of chitosanase by this bacterium. Chitosan is used as a 

coagulant in the treatment of paper effluents (Pokhrel and Viraraghavan 2004).  
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Table 4. Phylogenetic Sequence Affiliation and Similarity from DGGE gels 
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1
7
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Enterococcus 
faecalis 

9
7
 

1
8
 γ-

Proteobacteria 
KF720708.1 Thiothrix 
sp.  

 1
0

0
 

3
 γ-

Proteobacteria 
KX008301.1 P. 
entomophila  1

0
0
 

1
9
 

Firmicutes  B. pumilus 

9
9

  

4
 γ-

Proteobacteria 
KY075946.1 P. 
putida 9

7
 

2
0
 

Firmicutes 
KX603537.1 
Virgibacillus sp. 

9
0

  

5
 γ-

Proteobacteria 
KU147436.1 P. 
taiwanensis 9

8
 

2
1
 γ-

Proteobacteria 

GU480347.1 
Uncultured 
Salmonella sp. 

9
9

  

6
 γ-

Proteobacteria 

HM011774.1 
Uncultured 
Pseudomona sp. 

8
8
 

2
2
 γ-

Proteobacteria 

KM624072.1 
Uncultured Legionella 
sp. 

9
8

  

7
 

Bacteroidetes 
Chryseo-
bacteriumdefluvii   1

0
0
 

2
3
 β-

Proteobacteria 

LT677245.1 
Uncultured 
Tepidimonas sp. 

 1
0

0
 

8
 γ-

Proteobacteria 

U185297.1 
Uncultured 
Lysobacter sp. 

 9
3

 

2
4
 γ-

Proteobacteria 

KM073419.1 
Uncultured 
Ruminobacter sp. 

1
0

0
  

9
 

Bacteroidetes 
HQ691850.1 
Uncultured Runella 
sp. 

8
1

  

2
5
 γ-

Proteobacteria 
KY496302.1 
Enterobacter sp. 9

9
  

1
0
 

Bacterium 
Unidentified 
bacterium 

 -
 

2
6
 β-

Proteobacteria 

LC132847.1 
Rhodocyclaceae 
bacterium 

9
9

  

1
1
 γ-

Proteobacteria 
JX843383.2  P. 
indica                                   

9
1

 

2
7
 

Bacterium 
JX105426.1 
Uncultured bacterium 8

9
  

1
2
 

Firmicutes B. thuringiensis  9
8

 

2
8
 

Firmicutes 

KU161459.1 
Uncultured 
Acetanaerobacterium 
sp. 

9
1
 

1
3
 

Bacteroidetes 
EF588006.1 
Flavobacteria 9

8
  

2
9
 

Firmicutes 
U81730.2 
Unidentified 
Eubacterium 

9
7
 

1
4
 γ-

Proteobacteria 

LT681945.1 
Uncultured 
Enterobacteriaceae 

 9
2

 

3
0
 γ-

Proteobacteria 
KU641446.1 
Salmonella sp. 1

0
0

  

1
5
 

Firmicutes 
KX280638.1 B. 
subtilis  1

0
0

  

3
1
 β-

Proteobacteria 

JN371524.1 
Uncultured beta 
proteobacterium 

9
1

  

1
6
 γ-

Proteobacteria 

KP863840.1 
Uncultured 
Legionella sp. 

9
7

  

3
2
 

Actinobacteria 
LN812095.1 
Microbacteriaceae 
bacterium 

 8
9

  

   



 

PEER-REVIEWED ARTICLE                  bioresources.com 

 

 

Bailón-Salas et al. (2017). “Bacteria in aerated lagoon,” BioResources 12(3), 5487-5501.  5495 

   
Fig. 4. Neighbor-joining phylogenetic tree based on partial 16S rDNA sequences derived from 
DGGE bands affiliated to γ- and β-Proteobacteria and Firmicutes 

 
The moderately dominant bacteria in lagoon 1 belong to C. defluvii, B. thuringiensis 

(present in the commercial inoculum), Uncultured Enterobacteriaceae, B. subtilis, 

Uncultured Legionella sp., B. licheniformis, Thiothrix sp., and Uncultured Ruminobacter 

sp. In lagoon 2 they belong to Uncultured Runella sp., B. licheniformis, Thiothrix sp., 

Uncultured Legionella sp., Uncultured bacterium, Uncultured Acetanaerobacterium sp., 

Flavobacteria sp., and Uncultured Legionella sp.  

 The non-dominant bacteria in lagoon 1 correspond to Pseudomonas entomophila, 

P. putida, B. pumilus, Virgibacillus sp., and Uncultured Salmonella sp. And in lagoon 2 

they belong to C. defluvii, B. thuringiensis, Uncultured Enterobacteriaceae, B. pumilus, 

Virgibacillus sp., Uncultured Salmonella sp., Ruminobacter sp., and Microbacteriaceae 

bacterium.  

 Pulp and paper mills are an important source for the isolation of microorganisms 

and for the production of enzymes by biotechnological methods, such as those identified 

in this work. Such is the case of B. pumilus and B. megaterium, in which studies were 

conducted to produce thermostable xylanases for pulp bleaching and to degrade 

hemicellulose, respectively (Sindhu et al. 2006; Battan et al. 2007). Kaushal et al. (2015) 
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studied production of cellulase-free endo-beta-1,4-xylanase of B. subtilis  isolated from 

paper mill effluent. Wongwilaiwalin et al. (2013) studied   capability on the degradation of 

agricultural residues and industrial pulp waste with CMCase, xylanase, and β- glucanase 

activities of Acetanaerobacterium sp. in coexistence with ligninolytic Ureibacillus sp. 

showed the highest power of hydrolysis. Microbial β-mannanases (mannan-degrading 

enzymes, main constituent of the hemicellulose fraction) from B. subtilis (Jiang et al. 2006; 

Chauhan et al. 2012), Chryseobacterium sp. (Chauhan et al. 2012) and B. licheniformis 

(Songsiriritthigul et al. 2010; Ge et al. 2016) have been characterized. 

Furthermore, the genus Bacillus has been extensively identified in biological 

effluents from pulp and paper mills (Bailón-Salas et al. 2017). B. subtilis has also been 

isolated from different gastro-intestinal tract regions of snails, showing high Avicelase 

activity (Dar et al. 2015). Raj et al. (2007) isolated, from activated sludge from pulp and 

paper mill effluent to B. thuringiensis, a ligninolytic bacterium that reduces the color and 

kraft-lignin. B. megaterium and B. thuringiensis used 2,3,4,6-tetrachlorophenol as a source 

of carbon and energy and were capable of degrading this compound (Karn et al. 2014). B. 

pumilus and Virgibacillus sp. have been characterized as Cr-resistant bacteria, reducing 

COD and Cr; the bacteria were isolated from the rhizosphere of Spirodela polyrrhiza 

(Singh et al. 2016) and in the sediments of a mangrove wetland (Liu et al. 2017).   

The genus Chryseobacterium was reported by Chiellini et al. (2014) in the water 

circuit process of the paper mill, and was characterized as a plant-growth-promoting 

bacterium (Montero-Calasanz et al. 2013).  Enterococcus casseliflavus, Microbacterium, 

Flavobacterias, Enterobacter sp., Chryseobacterium sp., Tepidimonas sp., and 

Pseudomonas sp., were isolated from untreated paper mill pulps (Suihko and Shooter 

2009). 

A pentachlorophenol degrading bacterium Flavobacterium (Gonzalez and Hu 

1991; Suihko and Shooter 2009) and Tepidimonas (Tiirola et al. 2009) have been reported 

in the process of paper production. P. putida and Enterobacter sp. reduced color, BOD, 

COD, and phenolic compounds in a pulp and paper mill effluent and sulfide and heavy 

metals were removed (Chandra 2001). The Enterobacteriaceae family reduce lignin and 

color (Singh et al. 2011).  

Thiothrix sp. in pulp and paper activated sludge (Dumonceaux et al. 2006) has been 

characterized. This bacterium causes filamentous bulking, giving settling problems in 

secondary clarifiers (Pelletier et al. 2007). In contrast, taking advantage of the native 

bacterial flora to treat the effluent is a viable option. Ordaz-Diaz et al. (2014) generated an 

isolated bacterial formulation from wastewater from lagoon 1. The efficiency was 

measured in the BODTrack system; this bacterial formulation exceeded the efficiency of 

the commercial inoculum. A mixed culture of B. subtilis and Klebsiella pneumonia resulted 

in a better decolorization efficiency and reduction of pollution parameters (COD and BOD) 

of paper mill effluent (Yadav and Chandra 2015). 

 The PCR–DGGE- was demonstrated to be a dual tool that applied the numerical 

analysis to the results obtained in the techniques of molecular identification. 
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CONCLUSION 
  
1. The bacteria present in the formulation were not part of the dominant bacteria in both 

lagoons. In addition, non-dominant bacteria (less relative intensity) were composed 

mostly of bacteria of the commercial formulation. 

2. The results indicated that the greatest richness of species was present in lagoon 2 (21). 

The distribution of relative abundance achieved was equitable (uniform) in both 

lagoons. The similarity matrix showed a considerable relationship between L2 and 

L2C, as well as between L1 and L1C.  

3. The available evidence supported the conclusion that the community’s spatial 

succession in the lagoons involved an increased phylogenetic diversity from the 

beginning to the end of the lagoons.  

4. The PCR-DGGE method applied in this study has allowed the authors to verify whether 

bacteria that make up a commercial inoculum form part of the active microbiota in two 

aerated lagoons of pulp and paper effluent. 
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