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Domestic wastewater treatment using constructed wetlands have been found to be very efficient and
cost effective. Primary treatment facilities such as anaerobic digesters have been reported to reduce
the organic load of wastewater before entering the constructed wetland systems. It has also been
established that biogas is a product of organic matter decomposition under anaerobic condition. In this
study, we evaluated quantity of biogas produced from the anaerobic digester of a constructed wetland
domestic wastewater treatment plant. After a period of 148 days (15th September, 2015 to 8" February,
2016), the mean of the percentages of methane (CH,), Carbon dioxide (CO,), Hydrogen Sulphide (H,S)
and Carbon monoxide (CO) were 60.97+8.38, 33.93+6.31, 1.03+4.45 and 0.25+2.11% respectively. The
average rate of production of biogas was found to be 641.83+88.26 m3/day. The study concludes that
anaerobic digester pre-treatments do not only assist in reducing organic load for the efficient
performance of the constructed wetland but can also serve the purpose of biogas production. It is
recommended that further works be carried out to determine the potential of energy recoverable from
the anaerobic digester.
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INTRODUCTION

Various technologies have been introduced for the
treatment of municipal, domestic, industrial, and nuclear
wastewater. The fundamental procedures being used in
these innovative wastewater treatment technologies are
physical, chemical, and biological (Sehar et al., 2013).
Domestic wastewater treatment using constructed

wetlands have been found to be very efficient and cost
effective especially in developing countries (Mahmood et
al., 2013). Pre-treatment facilities such as anaerobic
digesters have been reported to reduce the organic load
of wastewater before entering the constructed wetland
systems. It has also been established that biogas is a
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product of organic matter decomposition under anaerobic
conditions. It has been observed that the absence of pre-
treatment have adverse effect on the efficiency and
performance of such CWWTPs. The first cell of such
CWWTPs soon becomes clogged with heavy organic and
non-organic loading. The result is reduction in
performance efficiency, clogging of the first cell and the
need to regularly dislodge the constructed wetland beds,
thus increasing operational costs (Adeniran and Aina,
2015).

Untreated domestic wastewater contains high levels of
pollutants and creates major environmental problems
when discharged into land or water bodies. The domestic
wastewater contains pathogen which leads to the spread
of diseases and odour, when discharged in water bodies
or on land for irrigation without any treatment. It also
contains chlorides, very small amount of solids, oils, fats
and detergents and sanitizing agents, as such it requires
treatment (Cheerawit et al., 2012; Metcalf and Eddy Inc.,
2004).

Central to wastewater treatment is the removal of
organic matter occurring in the biological unit of the plant.
This is usually performed by microbes that degrade the
organic matter under controlled anaerobic conditions.
However, this produces sludge of the resulting biomass
from the microbes (biological sludge) in addition to the
sludge produced in the primary treatment unit (primary
sludge). This sludge must undergo further treatment and
disposal and can account for up to 60% of the operating
costs of a wastewater treatment plant (Davis and Hall,
1997; Di laconi et al., 2010).

In an oxygen free environment, anaerobic microbes
such as, methanogenic bacteria, acetogenic bacteria and
fermentative bacteria, digest biodegradable matter into
biogas with methane as potential energy content, carbon
dioxide and other gases in small amount. This process is
highly complex, and involves a number of sequential and
parallel steps (Li et al., 2011). Degradation of unwanted
components/contaminants in the anaerobic treatment
chamber depends on several parameters such as
temperature, pH, organic loading rate (OLR), hydraulic
retention time (HRT), sludge retention time (SRT) and
influent characteristics such as particle size distribution.
The anaerobic digestion of organic material basically
follows the order: Hydrolysis, acidogenesis, acetogenesis
and methanogenesis (Ofoefule et al., 2009).

Biogas produced by anaerobic process is a mixture of
methane (CH,;) carbon dioxide (CO,), nitrogen (N,) and
some trace gases of which hydrogen sulphide (H,S) is
the most evident (IPCC, 2001). Biogas is rich in methane
and can be used directly for heating purposes, cooking,
lighting and power generation (Olowoyeye, 2013). It is
flammable and on combustion produces a blue flame
which can reach a temperature of 1400°C (Hassan et al.,
2015).

The aim of this study is to determine the biogas

production capability of the anaerobic digester pre-
treatment of a constructed wetland domestic wastewater
treatment plant.

MATERIALS AND METHODS
Study area

The University of Lagos where this research was carried out is
located in the Mainland of Lagos, the commercial capital of Nigeria.
Lagos, the biggest and most important city in Nigeria has been
classified as a mega city with a population of over 10 million. It is
located on 06°25'N 03°27’E on the West African Coast with an
average temperature 32°C and an annual mean rainfall 1532 mm.
The University of Lagos has a day population of about 55,000
(Kadri and Associates, 2016). The entire population of the
University campus engage in various domestic activities that
generate solid wastes and wastewater.

Part of the wastewater generated in the University is treated
through biological method using constructed wetland (CW)
technology. The constructed wetland is pre-treated through primary
treatment processes including purposely designed oxidation tank,
trash screen and a anaerobic digester. The circular oxidation tank
receives the free falling raw wastewater for natural air mixing. The
screen removes the hard solids, trash and metallic objects. The
digester is achieved in waterproof reinforced concrete. The sewage
flows through the Cell No. 1 to Cell No. 7 of the subsurface flow CW
system connected in series and planted with macrophyte (Cyperus
papyrus). The final effluent water is further treated through a slow
sand filtration system and reclaimed water is stored for re-use.
Each of the cell of the CW is provided with dislodge valves to
ensure regular dislodging of sediment from the cells especially
during harvesting when the macrophytes are showing aging and
withering. All the sludge end up in the Sludge Drying Bed while the
effluent of the CW are stored in the Reclaimed Water Tank. The
layout of the constructed wetland including the anaerobic digester is
as shown in Figure 1.

Anaerobic digester configuration

The anaerobic digester for this study has a prismatic configuration
with a total volume of 180 m®. The volume determination, carried
out before the commencement of this study, was based on the
average daily sewage flow rate (Qs), sludge settlement volume (Vs),
digestion volume (Vg), gas storage volume (Vs), accumulation
period (AP) and hydraulic retention time (HRT) (Modjinou, 2014).
The relational equations used were proposed by Guozhong (2010)
as shown in Figures 1 to 4.

V=V 4+ V4V, W

V, = HRT * Q, (2)

V, = 0.5 = HRT = Q, .

Ve = 025+ AP % @, ©)

Where: V = total volume of digester (m®); Vs = sludge settlement
volume (m®); Vd = Digestion Volume (m®; Vst = gas storage
volume (m®); Qs = Sewage flow rate (m*day); HRT = hydraulic
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Figure 1. Layout of University of Lagos constructed wetland wastewater treatment

system. Source: Adeniran and Aina (2015).
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Figure 2. Section through Unilag constructed wetland anaerobic digester.

retention time (days); AP = accumulated period = Disludging
frequency - digestion time (days)

Equations 1 to 4 was the basis for sizing the anaerobic digester.
A prismatic configuration of 10.0 m x 9.0 m x 2.0 m was selected
based on an average sewage flow rate of 15 m®day, hydraulic
retention time of 10 days, desludging frequency of 21 days and
biogas digestion time of 9 days (gestation period). A section

through the anaerobic digester is shown in Figure 2.

Characteristics of domestic waste water

The domestic waste water was analysed for various parameters
prior to entry into the anaerobic chamber. Analyses of each of the
selected parameters (sulphate, manganese, dissolved oxygen, iron,
nitrate and phosphate) were carried out with the use of Hach
DR900 multi-parameter photometer. For each of the chemical
parameters, 10 ml of the sample was dispensed into the cuvettes
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Figure 3. Relative % production of biogas.
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Figure 4. Anaerobic digester temperature variations.

and the corresponding chemical reagents added (according to the
manufacturer’s specification). Corresponding measurements were
read-off the LCD display. The conductivity, pH and total dissolved
solids (TDS) were also measured using the Adwa conductivity
meter, Hanna microprocessor turbidity meter, Beckman 350 pH
meter and HM digital TDS meter, respectively.

Biogas analysis

Gas outlets were created in the anaerobic pre-treatment chamber
of the domestic sewage treatment plant and the percentage
concentrations of methane, carbon dioxide, hydrogen sulphide and
carbon monoxide were determined using the Gas Data GFM 406
Gas Analyser. Daily sampling was done in triplicates for a period of
148 days and the averages recorded. Statistical analysis of means
and standard deviations was carried out on the data obtained using

Microsoft Excel. The pressure and temperature in the anaerobic
digester during study was monitored with a digital pressure gauge
and thermometer from the outlets provided on the anaerobic
digester. The gas flow rate was monitored using the gas flow meter.

RESULTS AND DISCUSSION

Characteristics of influent wastewater into the

anaerobic digester

The characteristics of domestic sewage as influent to the
anaerobic digester was analysed and the mean values of
the results are shown in Table 1.

The pH obtained (7.30) was within the range of values
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Table 1. Characteristics of domestic wastewater entering into the anaerobic digester.

SIN Parameter Unit Average composition
1 pH - 7.30
2 Electric conductivity puS/cm 1.11
3 Total dissolved solids mg/L 717
4 BODs at 20°C mg/L 85.47
5 Sulphate mg/L 76.94
6 Manganese mg/L 9.56
7 Dissolved oxygen mg/L 2.65
8 Iron mg/L 2.43
9 Nitrate mg/L 33.0

Table 2. Mean daily biogas production over a period of 148 days

Parameter CHa (%) CO; (%) H>S (%) CO (%) Temp (°C) Pressure (mbar) Biogas flow rate (m*day)
Mean 60.97+8.38 33.93+#6.31 1.03+4.45 25+2.11 30.02+1.46 36.47+4.54 641.83+88.26
Min 13.9 10.33 0 0 26.8 14.0 146.32
Max 68.69 40.67 35.73 25.20 32.20 40.45 723.07

No. of samples (average of three (3) readings) n=148.

obtained (7.44 to 8.2) by Bodhke (2009) and Ismail et al.
(2012). The domestic waste water has high content of
dissolved materials as indicated in the conductivity and
TDS values (1.11 mS and 717 mg/L, respectively). The
presence of free oxygen in water is an indication of the
ability of that water to support biological life. Ademoroti
(1996) noted that healthy body of water should have
dissolved oxygen of at least 5.2 mg/L. Low oxygen
concentration is associated with heavy organic matter
contamination (Prasad et al., 2006). The dissolved oxygen
of the domestic wastewater in this study is low (2.65
mg/L) and the organic matter concentration observed
from the study was also relatively high (Sulphate: 76.94
mg/L; Manganese: 9.56 mg/L; Iron: 2.43 mg/L and
Nitrate: 33mg/L). Although sulphate is classified as non
toxic constituent of water, intake of water containing high
sulphate content can cause diarrhoea.

Biological Oxygen Demand (BOD) is the measure of
the oxygen required by microorganisms whilst breaking
down organic matter. The BOD obtained for the domestic
wastewater in this study (85.47 mg/L) is moderate and
hence the organic loading is suitable for the production of
biogas under anaerobic condition.

Biogas production
The mean of daily biogas percentage production,

temperature, pressure and gas flow rate (with standard
deviation, maximum and minimum values) for 148 days is

as shown in Table 2. Figure 3 shows the mean trends of
production of the gasses relative to each other. The
observed temperatures and pressures are also presented
in Figures 4 and 5, respectively. The mean daily flow rate
for the period was found to be 641.83 m3/day.

Generally temperature has a significant effect on the
intracellular and extracellular environment of bacteria,
and it also acts as an accelerator in the conversion
processes. The temperature range within the digester
fluctuated between 27.14 and 31.26°C. Temperature was
observed to increase steadily with time as shown in
Figure 4. Methane production in the anaerobic chamber
of the domestic sewage treatment plant increased rapidly
initially from 13.9 to 59.77% within a gestation period of 9
days. A further production increase to 64.9% was
observed after which the methane production became
almost constant (ranging between 66.0 and 67.5%)
(Figure 6). It is observed that as the production of
methane increases, the production of Carbon dioxide
decreases (Figure 3).

Carbon dioxide composition of the biogas produced
from the anaerobic chamber increased steadily with time
from 10.30 to 40.3% after which observed production
reduced gradually to 29.28% (Figure 7). As seen in
Figure 3, the production of methane increases as the
production of Carbon dioxide decreases. It is also
observed that CH,; and CO, constitute the major
components of biogas from the anaerobic digester.

Hydrogen sulphide (H,S)% production trend of biogas
In the anaerobic digester is as shown in Figure 8.
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Figure 5. Anaerobic digester pressure variations.
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Figure 6. Methane composition (%) of biogas.

Although H,S is present in the gas mixture in little
guantities, its presence is of great concern because of
the odour, corrosive and hazardous properties (Bowker et
al., 1989). H,S concentration in this study reduced initially
from 18.34 to 0%. It was observed that as the
methanogenic activities increases the H,S content of the
biogas reduces to zero (Figure 3).

Carbon monoxide composition (%) of biogas in the
anaerobic digester decreased sharply from 25 to 0.0%

after which a steady decrease was noticed (Figure 3).
The anaerobic digestion process can be summarized
into for distinct stages: Hydrolysis, acidogenesis,
acetogenenesis and methanogenesis (Tchobanoglous et
al., 1993; Schirmer et al., 2014). During the methanogenic
phase, after the acid phase, the methane concentration
becomes high. Also, at methanogenesis phase, the
acidity reduces and the H,S and CO are converted into
CH,4 and CO,. As an odorant gas in its molecular form,
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Figure 8. H,S composition (%) of biogas.

H,S formation is inhibited. Under anaerobic conditions,
the methane concentration increases and the carbon
dioxide decreases (Figure 6 and Figure 7). Also the H2S
(Figure 8) sulphate is reduced to sulphide through the

action of sulphate reducing bacteria (Gostelow and
Parsons, 2001). As observed in Figures 6 the CO (Figure
9) reduces to zero at the early part of the anaerobic
digestion process.
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Figure 9. CO composition (%) of biogas.

Conclusion

It is concluded from this study that appreciable amounts
of methane gas can be obtained from the anaerobic pre-
treatment digester of domestic sewage treatment plants.
The gas obtained can be used as energy source to power
the constructed wetland system which requires some
level of power especially for the central sewer pumps, the
reclaimed water recycling pumps and for lightning. It was
observed that as methane concentration increased,
Carbon dioxide and hydrogen sulphide concentration
decreased. Further studies will focus on generating more
methane through addition of inoculants, purifying the gas
obtained and the determination potential of energy
obtainable from the purified biogas.
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