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The molecular characterization of raw septic tank sewage in the region under study was evaluated
using 16S rRNA denaturing gradient gel electrophoresis (DGGE). Raw effluent samples from three
septic tanks in the Delta and Edo States region of Nigeria was collected between November 2018 and
January 2019 for testing. A composite sample was formed from the three samples collected. The raw
sewage sample was sequenced for genomic DNA using Norgen DNA extraction kit to determine the
microorganisms present in raw sewage sample. Gene sequence analysis revealed the presence of
Methanococcus methanococcus 288171278, Deferribacteres bacterium 291088137, Flavobacteria
bacterium 308271278, Bacteroides dorei 671713918, Clostridium difficile 115249003, Kuenenia
stuttgartiensis 91203347, Methanosarcina bankeri 827396966, Methanococcus maripaludis 4505076 and
Methanobacterium formicicum 693274837, and Desulfitobacterium dichloroeliminans 430782295. The
phylogram of the different isolates shows that methane producing bacteria were 7 out of the 13 bacteria
isolated; representing 53.8% of the total species occurrence in the sample.
Key words: Gene sequence, bacteria, raw sewage, septic tank.

INTRODUCTION
Sewage, which is liquid waste, is the waste water of a
community. It is a combination of water borne wastes
from homes, business, health institutions and industries.
It may also contain groundwater, surface water and storm
water (APHA, 1992). Waste water emanating from sundry
human activities may carry pathogenic organisms that
can transmit diseases to humans and other animals and

contain organic matter that can cause odour and
nuisance problems, hold nutrients that may cause
eutrophication of receiving water bodies and can lead to
ecotoxicology (Doelle, 2001). For reasons of public health
and of conservation, man has been forced to develop
methods of waste-water storage and treatment which
result in the mineralization of the organic components of
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waste water prior to its discharge into the natural
environment. This is usually achieved by an adequate
public or community sewerage system. However, such a
system is not quite feasible in developing and under
developed nations of the world (Rojer, 2002). Hence,
individual household sewage disposal system often
referred to as septic tank system is the most commonly
used domestic waste water disposal method currently
being used (Whithers et al., 2014; Schaider et al., 2017;
Connelly et al., 2019).
A septic system is an enclosed receptacle designed to
collect waste water, segregate settle-able and floatable
solids, accumulate and digest organic matter and
discharge partially treated effluent. The most widely
accepted type is the gravity fed (made of sandcrete
block) used by over 40% of the people in Nigeria (Fidelia,
2004). This consists of a septic tank where approximately
54% of the ultimate sewage treatment is accomplished
(Robert and Terry, 2004; Schaider et. al., 2017). The
septic tank act largely as a settling tank, within which the
organic components of the waste water undergo limited
aerobic digestion. Effluent from septic tank is as
dangerous as raw sewage as it contains effluent
concentrations higher than both locally and internationally
acceptable limits (Burubai, 2005).
Consequently, attention is being focused on the
fermentation of human waste for the production of
methane (Zinder, 1993). Methanogenesis is a naturally
occurring process that takes place in rice fields and
animal digestive tracts, as well as one that can be
induced under the right conditions in an artificially
constructed anaerobic environment (Lowe et al., 1993;
Richards et al., 1994). Both situations utilize the power of
methanogens, a bacterial type that can transform organic
material into methane through cyclical pathway of
production in which intermediate products like acetic acid
are formed. Acetate is the ultimate end product of many
fermentative pathways and the source of most methane
from the anaerobic food chain (Zinder, 1984).
A better understanding of the microbial diversity in
septic tank system can improve the stability of the
anaerobic process (Bitton, 1999; Connelly et al., 2019).
Yet understanding the workings of the process is
hampered by the paucity of research papers in the
literature (Marti et al., 2013; Ye and Zhang, 2013; Cai et
al., 2014; Logares et al., 2015; Newton et al., 2015;
Connelly et al., 2019; Numberger et al., 2019). The
microbes responsible for the metabolic reactions in the
system are the crucial factor in the anaerobic process
(Bitton, 1999; Schaider et al., 2017). Understanding and
being able to improve our knowledge of the biology of the
process as well as the identity of the organisms which
promote or inhibit the efficiency of the system is essential
to effectively control the start-up and operation of septic
tank systems (Schink, 1997; Connelly et al., 2019).
Molecular methods like, the PCR-based DGGE technique
and sequence analysis have been successfully used to
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monitor and identify microorganisms within the system
(Boon et al., 2002; Odeyemi et al., 2018; Abada et al.,
2019; Numberger et al., 2019). The PCR-based DGGE
marker construct can effectively be used to study the
inherent changes in the microbial population present in
the system (Muyzer et al., 1993).
In this work, the diversity, dynamics and degradation
potentials of microbial community of the septic tank
system was studied using the PCR-based DGGE
molecular characterisation technique with the view to
further understand and engineer the system in order to
optimize its function and utilization.

MATERIALS AND METHODS
Study area
It is a descriptive study carried out in Edo and Delta State, Nigeria
in the months of November 2018 and January 2019 with samples
analysed at BioSolutions Technologies Laboratory, Akure, Ondo
State, Nigeria. The sampling was done in three different locations
within Edo and Delta regions of Nigeria (Figure 1); Agbor (A)
located 6о 15´ 93´´N and 6о 11´ 59´´E with a population of 222,400
and a land mass of 436 km2, Benin (B) located 6о 20´N and 5о 38´E
with a population of 1,471,188 and land mass of 1204 km2 and
Sapele (C) located 5о 54´ N and 5о 40´E with a population of
232,000 and a land mass of 394 km2 (NPC, 2006). The major
occupation of the people is farming and trading.

Molecular analysis
Methodology was based on PCR and Sanger sequencing analysis
(Sanger and Coulson, 1975).

DNA extraction
Ten millilitre of the sewage sample was filtered through 0.22 µm
filter pore and then was thawed in a minus 86°C freezer in three
consecutive times to release DNA. Further DNA purification was
done with Norgen DNA extraction kit. Analysis was done at
BioSolutions Technologies Laboratory Akure.

Polymerase chain reaction procedures
Sample was gently vortexed and all solutions after thawing were
briefly centrifuged using Eppendorf centrifuge model 5402Germany. A reaction master mix was prepared by adding the
following components (except template DNA) for each 25 µL
reaction to a tube at room temperature. The master mix was
thoroughly mixed and appropriate volumes were dispensed into
PCR tubes or plates. Template DNA (≤500ng/reaction) was added
to the individual PCR tubes or wells containing the master mix.
Sequence for primers used were PfastBact (Forward): 5' (GGA TTA
TTC ATA CCG TCC CA) 3’ PfastBact (Reverse): 5' (CAA ATG TGG
TAT GGC TGA TT) 3’ EUB (Forward): 5' (GCA CAA GCG GTG
GAG CAT GTGG); 3’EUB (Reverse): '5' (GCC CGG GAA CGT ATT
CAC CG) 3’. The PCR cycle started with an initial denaturation
step at 94°C for 5 min. This was followed by 30 cycles of
denaturation at 94°C for 30 s, annealing at 55°C for 30 s,
extension at 72°C for 30 s, and a final extension at 72°C for 5
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Figure 1. Study area.

min that was followed by cooling to 4°C. Few microliters of the
samples were run on a 1% agarose gel at 90 V for 30 min in order

to verify amplification. The entire PCR reaction was loaded onto
a 1% agarose gel and the correct band size (approximately
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1500 bp) was excised. Data acquisition was performed during the
annealing/extension step.

Acrylamide gel procedure
After determining the percentage gel to be poured, the separation
gel layer was used after adding the necessary volumes of reagents
to a 100 ml flask (gel will begin polymerizing after adding per sulfate
and TEMED; these were added just before pouring the gel).
Solution was mixed well by gently swirling the flask. The solution
was then quickly poured (or pipetted) into the gel casting apparatus
and allowed to polymerize. A flat interface between the separating
and stacking layers was ensured. The separation layer was gently
overlaid with water or n-butanol after pouring the separation layer.
The stacking layer was poured on top of the solution gel, after the
separating gel layer has been polymerized; the water or butanol
overlay was then decanted. The stacking layer was prepared as
prescribed. Necessary volumes of reagents were sequentially
added to a flask. Solution was mixed well by gently swirling the
flask then quickly pouring (or pipetting) the solution on top of the
separation layer. Comb was inserted and layer allowed to
polymerize completely before removing comb. Gel was then placed
in the electrophoresis apparatus at 75 V.

Preparation of samples
Sixty microlitre of 30, 60, 90, and 100% urea and NaOH
(denaturants) was dispensed into Eppendoff tube then 4 microlitre
of amplicons was pipetted into them and homogenized thoroughly.
Samples were incubated at room temperature for 30 min. PCR was
then redone. Pipetted amplicons were put into acrylamide gel and
the electrophoresis procedures ran for at least an hour.

Running the gel
The 10x buffer concentrate was diluted (1:9) to make a 1X solution
of the buffer. To make 1 L of 1X electrophoresis buffer, 100 mL of
the buffer concentrate was added to 900 mL of distilled water. The
appropriate volume was then added to the electrophoresis
apparatus and ran according to the manufacturer's instructions.

DNA sequencing
Sequence analysis from resultant nucleotides base pairs was
performed using BLAST analysis by direct blasting on American
data base http://blast.ncbi.nlm.nih.gov. For every set of isolate, a
read was Basic Local Alignment Search Tool (BLAST) and the
resultant top hits with minimum E-score for every BLAST result
showing species name was used to name the specific organism.
Sequencing result in FASTA format and corresponding ID after
BLAST analysis on NCBI website. BLAST is a computer algorithm
program used for comparing nucleotide or amino acid sequences of
DNA and/or RNA with available sequences of online database of
the National Center of Biotechnology Information (NCBI) and
calculates statistical significance (Donkor et al., 2014; NCBI, 2017,
2020).

RESULTS
The result of the molecular characterisation of the raw
sewage sample obtained from septic tank using 16S
rRNA DGGE (Figure 2) show distinct bands on sodium
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dodecyl sulphate (SDS) ranging from 18.5 to 100 kDa.
Two primers were used representing the two lanes of
bands. Each band on the lanes represents a gene from a
bacterium.
Result from the PCR analysis of raw domestic sewage
sample obtained from the various locations sampled and
the subsequent blasting of the sequences using NCBI
Blast Online shows the presence of mainly anaerobic and
facultative anaerobic methanogens. Methanococcus
methanococcus, Deferribacteres
bacterium (partial
genome 291088137), Flavobacteria
bacteria ,
Bacteroides dorei (CP 008741) Clostridium difficile
(AM180355), Kuenenia
stuttgartiensis, (CT573073),
Zymonas mobilis (AE008692), Methanosarcina bankeri
(CP00746), Methanococcus maripaludis (BX950229),
Bacteroides
metaiotamicron
(CAE015928),
Methanobacterium
formicicom
(CP006933),
Desulfitobacterium dichloroeliminans (CP003344) and
Desulfobacterium sp. (FR695868) are the different
species identified from the study. The phylogram of the
different isolates (Figure 3) shows that methane
producing bacteria were 7 out of the 13 bacteria isolated
representing 53.8% of the total species occurrence in the
sample.

DISCUSSION
The result from the PCR analysis of raw domestic
sewage sampled in this study and the subsequent
blasting of the sequences using NCBI Blast Online shows
the presence of mainly anaerobic and facultative
anaerobic organisms especially of the methanogen
group. Methanococcus methanococcus, Deferribacteres
bacterium (partial genome 291088137), Flavobacteria
bacteria, Bacteroides dorei (CP 008741), Clostridium
difficile
(AM180355),
Kuenenia
stuttgartiensis
(CT573073),
Zymonas
mobilis
(AE008692),
Methanosarcina bankeri (CP00746), Methanococcus
maripaludis (BX950229), Bacteroides metaiotamicron
(CAE015928),
Methanobacterium
formicicum
(CP006933)
Desulfitobacterium
dichloroeliminans
(CP003344) and Desulfobacterium sp. (FR695868) are
the different species identified from the analysis.
Zabranska and Pokorna (2018), as well as Connelly et al.
(2019) reported a microbial community underpinned by
anaerobic degrading methanogens. The phylogram of the
different isolates shows that methane producing bacteria
were 7 out of the 13 bacteria isolated (53.8%) of the total
species occurrence in the sample. This provided an
overall picture of the microbial community present the
septic tank. This result is in consonance with the work of
Connelly et al. (2019) who stated that the septic system
appeared to be underpinned by microbial communities
that had the potential to support complete degradation of
organics by methanogenic anaerobic digestion.
Sequence analysis of the 16S rRNA gene has been
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Figure 2. Molecular characteristics of the sewage sample obtained
directly from septic tank using 16SrRNA DGGE show distinct bands on
SDS ranging from 18.5 to 100 kDa.

Figure 3. Phytogram of micro-organisms isolated from raw
sewage sample using 16SrRNA DGGE.
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widely used to identify bacterial species and perform
taxonomic studies (Petti, 2007; Odeyemi et al., 2018;
Abada et al., 2019; Numberger et al., 2019).
Unfortunately, 16S rRNA hyper variable regions exhibit
different degrees of sequence diversity, and no single
hyper variable region is able to distinguish among all
bacteria. Bacterial activity can be divided into two major
distinct phases in the anaerobic digestion; namely
acidogenesis (during which acid forming bacteria reduce
complex organic matter to organic acids) and
methanogenesis (during which specific methanogens
may convert the acetate into methane and carbon (IV)
oxide). As methane production is an end product, it can
also be used to predict septic tank efficiency. Thus, it is
important to be able to define the methanogenic species
present in these reactors (Smith et al., 1989). Similar
organisms were obtained in a study carried out by Garrity
and Holt (2001) where they found methanogens in
anaerobic sediments and anaerobic sewage sludge
bioreactors. Species within this family use acetate as
their sole energy source, which is metabolised into
methane and carbon IV oxide. The diversity of the
methanogenic population depends mainly on the
composition of the substrate (Levesque and Guiot, 2004),
changes in temperature, pH stability (Odeyemi et al.,
2018) and indicators as well as the solids retention time
(Casserly and Erijman, 2003; Schaider et al., 2017). Clay
soils are known to have higher retention time with a
-11
-9
hydraulic conductivity ratio of 1 × 10 to 4.7 × 10 mm.
PCR analysis also confirms the presence of
Desulfitobacterium dichloroeliminans (CP003344) and
Desulfobacterium sp. (FR695868) which are sulphatereducing bacteria in this study. This aligned to the
hybridization analysis of 16S rDNA DGGE to investigate
the diurnal behaviour of sulphate reducing bacteria in
biofilms from an activated sludge basin of a wastewater
treatment plant by Teske et al. (1998) were profiles
showed that Desulfobulbus and Desulfovibrio populations
came up at the onset of the sulphate reduction.
The use of traditional microbiological techniques in
determining population structures and characteristics is
limited as it has been shown that many organisms are not
readily cultured on selective media (Briones and Raskin,
2003). A better understanding of the diversity of the
methanogenic bacteria in bioreactors can improve the
anaerobic process stability (Bitton, 1999). The
methanogens are responsible for the terminal metabolic
reactions in a bioreactor and are considered to be the key
players in the anaerobic process. The ability to monitor
methanogens and understand their ecology is essential
to effectively control the start-up and operation of
anaerobic digesters in general and the septic tank
specifically (Schink, 1997). Finally, certain phylogenetic
groups like the methanogens or the methanotrophs
exhibit a restricted metabolic potential, which is
determined by characteristic functional genes. The
detection of these specific genes for example methanol
dehydrogenase structural genes of methanotrophs has
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been used to verify results obtained by the 16S rRNA
sequence analysis (Holmes et al., 1995).

Conclusion
The use of septic tank sewage system is an age long
practice that is gaining more and more relevance in
recent years due to its ease of use, affordability and
efficiency. For the system to perform optimally, its
operation and utilization techniques must be well studied.
Microorganisms particularly bacteria play an important
role in the digestion of septic tank constituents into less
toxic compounds which the soil can receive and further
act upon. The use of traditional microbiological
techniques in determining population structures and
characteristics is limited as it has been shown that many
organisms are not readily cultured on selective media,
hence, the need to utilize molecular techniques in
identifying and characterizing microbial species.
The phylogram of the different isolates from this study
shows that methane producing bacteria were 7 out of the
13 bacteria isolated (53.8%) of the total species
occurrence in the sample, while sulphate-reducing and
ammonium-oxidizing bacteria accounted for the
remaining 6 isolates representing 46.2% of the total
bacteria population. This provided an overall picture of
the microbial community present the septic tank. A better
understanding of the diversity of the methanogenic
bacteria in bioreactors can improve the anaerobic
process stability; since methanogens are the most
occurring species in many anaerobic digesters.
The methanogens are responsible for the terminal
metabolic reactions in a bioreactor and are considered to
be the key players in the anaerobic process. The ability to
monitor methanogens and understand their ecology is
essential to effectively control the start-up and operation
of anaerobic digesters in general and the septic tank
specifically. Lastly, the introduction of noxious chemicals
in the form of disinfectant and cleaning agents by
humans, may have significantly affected the microbial
community and dynamics of the septic tank, this is
considered to be a crucial factor in the low
biodegradation efficiency of the septic system.
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