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ABSTRACT: The use of fossil fuels as primary energy source has led to global climate change and human health
problems. Renewable energy resources appear to be the efficient solutions to the problems resulting from the use of fossil
fuels. In this study, biogas production efficiency from faecal sludge and its combination with three feed stocks was evaluated.
Three feedstock materials (cow dung, cow intestinal waste and mixed organic waste) were fed into a 2 m® capacity digester
to mix with faecal sludge for biogas production. Standard methods were used to determine chemical and biological qualities
of influent and effluent slurries. The biogas produced was analyzed using multi-gas analyzer to determine the concentrations
of CO, CO,, CH,4 and H,S.Methane formed major component of the biogas produced by all the substrates (40-70%) followed
by carbon dioxide (20-30%) and H,S (8-10%). The macronutrients of the bio-slurries produced ranged from Carbon (5.3 +
0.11- 6.0 + 0.01%), Nitrogen (0.36 + 0.1 - 0.46 + 0.1%), Phosphate (0.11 + 0.02 — 0.24 + 0.11%) and Potassium (0.1 + 0.01
- 0.4 + 0.1%). The Carbon/Nitrogen ratio of the bio-slurries produced ranged from 12:1 to 15:1. The microbial contents of
faecal sludge, only slurry had lowest total count of bacteria of 1.2 x 10 2cfu/100ml. conclusively, co-digestion was effective
in converting faecal sludge mixed the three feed stocks into pure biogas and nutrient rich bio-slurries as organic fertilizer.
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The use of fossil fuels as primary energy source has
led to global climate change, environmental
degradation and human health problems (Adeniran et
al., 2014). Renewable energy resources appear to be
one of the efficient solutions to the problems resulting
from the use of fossil fuels. Apart from the health
implications, wastes make an environment unpleasant
and unattractive. However, these wastes can be
properly managed by conversion into useful and more
environment-friendly forms called biogases. Biogas is
a mixture of colourless, flammable gases obtained by
the anaerobic digestion of plant-based organic waste
materials (Abubakar, 1990). Biogas is typically made
up of methane (50-70%) carbon dioxide (30-40%) and
other trace gases (Cheremisinoff, 1980). It is generally
accepted that fuel consumption of a nation is an index
of its development and standard of living. There have
been increases in the use of and demand for fuel in
terms of transportation and power generation in many
nations including Nigeria. These have so far been met
in Nigeria largely from the nation’s stock of fossil fuel
such as crude oil, which is finite in nature. Fossil fuels
are not environmentally friendly and are also
expensive. The use of alternative and more
environmentally-friendly energy sources such as

biogas has been advocated. Biogas technology has
advantages which include the following: generation of
storable energy sources, production of a stabilized
residue that can be used as a fertilizer, an energy-
efficient means of manufacturing nitrogen containing
fertilizer, a process having the potential for
sterilization which can reduce public health hazards
from faecal pathogens, and if applied to agricultural
residues, a reduction in the transfer of fungal and plant
pathogens from one year’s crop to the next (Bitrus,
2001). Biogas is a renewable, alternative and
sustainable form of energy (Godi et al., 2013). Not
only does biogas technology help to produce an
alternative energy source, but it also helps in
maintaining the environment and improving health
conditions. The energy in plant vegetation, animals,
industrial and domestic waste matter can be released
in terms of a useful gas when fermented anaerobically,
that is, in the absence of oxygen. The biogas formed
after the decomposition of organic wastes is channeled
or transported to homes for use for cooking, running
engines, electrical power generation and heating, with
virtually little or no pollution at all. This gas is now
used in large scale in many countries (Li et al., 2009).
The use of anaerobic digestion as waste-to-energy
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technology has been employed in the treatment of
different organic wastes (Lopel et al, 2004). This
study focuses on biogas generation from faecal sludge
through co-digestion with organic feedstock materials.

MATERIALS AND METHODS

Biogas and Bio-slurry production methods: In order to
monitor the biogas and bio-slurry production, samples
of three feedstock materials were used for co-digestion
with faecal sludge for biogas production in the
digester. The feed stock materials are; cow dung (CD),
Cow intestinal waste (CIW) and mixed organic waste
(MOW). The Cow dung was sourced from Federal
University of Agriculture, Abeokuta (FUNAAB)
Cattle cooperative farm and Cow intestinal waste was
sourced from IfesowapoAsejere abattoir, Agbeloba,
Abeokuta while mixed organic waste was sourced
from the households and Panseke market, Abeokuta.
Each of the feedstocks was replaced at the end of the
retention time (time between the commencement of
gas production and termination of the experiment)
which is average of 30 days for each feedstock
material. The feedstocks were thoroughly mixed with
well water in the inlet mixing tank (Plate 1).

Each feedstock was fed into the digester and the
readings taken accordingly until the retention time is
reached before the next feedstock was loaded.
Analysis of the effluent (slurry) was carried out with
the intention to determine its suitability for farm
application as organic fertilizer. Samples of the
effluent slurry were taken after one month of retention
in the digester. Proper stirring of the content inside the
digester was carried out to ensure uniform
decomposition, using a specially fabricated stirrer
improvised with the digester.

Plate 1: Feed Stock Materials Mixing in the Inlet Tank

1160

Plate 2: Digital gas detector being used forbiogas analysis

Procedures for Chemical and Microbial Analysis of
Slurry Samples: The following chemical parameters
were determined in the laboratory from the samples of
digestrate and effluent slurries: nitrogen, phosphorus,
potassium, calcium, C: N ratio, organic matter,
sodium, magnesium, iron, lead, copper, zinc and
cadmium according to Anon, 1992; APHA, 1998;
AOAC, 2002; APHA, 2005. The microbial analysis of
influent and effluent samples were carried out using
multiple fermentation method to estimate the most
probable number (MPN) of coliform organism in 100
ml of sample for diagnosis of bacteriological
contamination according to Tillet et al., 1987 and
Senior, 1996.

Determination of Biogas Composition and Volume:
Biogas produced was analyzed using EXIBD-1 Multi-
Gas Analyzer. The gas detector was used to determine
the concentrations of CO, CO,, CHa4, and H,S in the
biogas.

RESULTS AND DISCUSSION

Chemical and Microbial Analysis of Well Water and
Feedstock Materials before Co-digestion: The results
of chemical and microbial assessment of the well
water used for mixing feed stock materials (cow dung,
cow intestinal waste and mixed organic waste) before
co-digestion with faecal sludge are shown in Tables 1
and 2.

The levels of chemical contents in the well water were
generally low and within the WHO standard limits.
This gave a clear indication that the well water in the
household was not contaminated. The results are; pH
(6.8+0.12), conductivity (243+1.03 pS/m), Total
volatile solids (0.005+0.001mg/1). Fixed Dissolved
solids (0.0009+0.0002 mg/1), Total solids (138+1.4
mg/1), TDS (133+1.1 mg/l), Nitrate (0.1+0.12 mg/1),
Sulphate (0.2+0.13 mg/1), Phosphate (0.47+0.4 mg/1),
Pb (0.01+0.001 mg/l), Cu (0.01+0.001 mg/l), Cd

SOYINGBE, AA; OLAYINKA, O; BAMGBOSE, O; ADETUNJI, MT



Effective Management of Faecal Sludge through.....

(0.0140.001 mg/1), Zn (1.24+0.1 mg/l), D.O (5.82+0.2.
mg/l), BOD (18.2+1.1 mg/l), COD (26+1.3 mg/l),
E.Coli (0 cfu/ 100 ml), Total viable count (1.0 x10°
340.07 cfu/100 ml) and Salmonella (0 cfu/ 100 ml). In
comparing the nutrient content of the feedstock
materials, all chemical nutrients, including Nitrogen,
Phosphorus, Potassium, Carbon, Magnesium and
Calcium were higher in mixed organic waste except
for total volatile solids which was higher in Cow
Intestinal Waste. The reason could probably be traced
to varieties of proteineous and nutrient rich organic
materials, including food remnants, fruits, vegetable
and so on that made up the mixed organic waste. The
high content of total volatile solids in Cow Intestinal
Waste and cow dung is an indication of their relative
amount of organic matter and biochemical stability.
The results of heavy metals were lead (mg/1): 12+0.3,
1741.1, 13.540.3; Cadmium (mg/1): 4.5+0.2, 1.1+0.1,
3.5+0.3; Zinc (mg/l) : 26.2+1.2, 47.8+0.91, 52+3.3;
Iron (mg/l) : 19+1.3, 12.6+0.11, 10+1.3; Nickel (mg/l)
1 5.440.1, 6.740.31, 7.840.11 ; Chromium (mg/l) :
6.740.4, 7.4+0.22, 15.4+0.42 for Cow Dung, Cow
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Intestinal Waste
respectively.

and Mixed Organic Waste

Table 1: Mean values of chemical and microbial composition of

well water
Parameters Mean + 5D
pH 6.8+0.12
Conductivity (u/m) 243+41.03
Total Volatila Solids (mg1) 0.003+0.001
Fixed Dizzobved selids (mg1) 0.005+0.002
Total 2olids (mg/1) 138414
TDE (mz1) 13341.1
Mitrate (mgT) 014012
Sulpbate (meT) 024013
Phosphate (mgz1) 047404
FhimzT 0.01+0.001
Cu (mgl) 0.01+0.001
Cd (mgT) 0.01+0.001
Zn (mg1) 12401
DO (mgT) 582402
BOD (megT) 182411
COD (meT) 26+13
E.Coli (efu’ 100 ml) ]
Total vizble cowmt (efiy’ 100 ml) 1.0 %107'40.07
Salmonella (gfiy’ 100 ml) [i]

N=3

Table 2: Chemical Composition of Feedstock materials before co-digestion.

Parameters (mg/l) COW Dung (CD) COW Intestinal Mixed Organic
Waste (CIW) Waste (MOW)

C (%) 7.5+1.10 6.3+0.30 36.6+0.10

N (%) 0.25+0.20 0.27+0.30 2.5+0.12

CN 30:1 23:1 15:1

P (%) 0.24+0.01 0.140.01 5.7+0.02

K (%) 0.4+0.10 0.3+0.01 8.4+0.20

Mg (%) 0.740.10 0.9+0.20 11.2+0.12

Ca (%) 2.0241.11 1.441.10 4.5+1.21

TDS (mg/l) 68+0.30 73.5+0.50 62.4+0.11

FDS (mg/l) 24.2+0.12 20.3+0.40 25.6+0.21

DO (mg/1) 3.01£1.10 2.53+1.21 2.84+1.91

BOD (mg/l) 2214+1.30 2189+1.32 2204+1.20

COD (mg/l) 9364+1.40 9210+1.32 9284.5+1.21

Pb (mg/1) 12.3+0.30 1741.10 13.5+0.30

Cd (mg/l) 4.540.20 1.14£0.10 3.5+0.33

Zn (mg/1) 26.2+1.20 47.8+0.91 5243.31

Fe (mg/l) 19+1.30 12.6+0.11 10+1.32

Ni (mg/1) 5.4+0.10 6.740.31 7.840.11

Cr (mg/l) 6.7+0.40 7.440.22 15.440.42

E.Coli (cfu / 100 ml)
Salmonella (cfu/ 100 ml)
Bacillus Cereus(cfu/ 100ml)
Total Count(cfu / 100 ml)

1.4x 10540.12
1.0x 105+0.21
1.3 x 10*+0.32
1.1x 107+0.14

1.5x10°+0.32
1.2x10°+0.51
1.7x10*+0.13
1.3x107+0.45

1.3x105+0.11
1.1x10°+0.14
1.4x10%+0.41
1.0x107+0.16

N=3, FDS = Fixed Dissolved Solid, TDS = Total Volatile Solids

The Cow Intestinal Waste had highest lead
concentration and lowest Cadmium concentration
among the feedstock materials. Microbial population
was also prominent in all the feedstock materials. The
pH of the well water was within the neutral limit. The
result agreed to the findings of Bisi-Johnson et al,
(2017) who reported pH range of 6.4 - 7.6 during
evaluation of physico-chemical and microbial
qualities of source and stored household waters in
some communities in South Western Nigeria using
standard methods. It also conforms to findings of

pervious researchers (Ikem et al., 2002; Longe et al.,
2010 and Soyingbe et al., 2014), but disagreed with
the pH values of 5.68-5.72 reported by Akinbile and
Yusuff, (2011). Measurement of pH is essential for the
understanding of water chemistry processes, such as
acid-base  chemistry, alkalinity, neutralization,
biological stabilization, precipitation, coagulation
disinfection, and corrosion control (APHA, 2005). The
mean total dissolved solid (TDS) of the well water
sample was 133+1.1 mg/l which was below the WHO
limit (1000 mg/1). This result agreed with the findings
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of Akinbile et al, (2011). Nitrate, the most highly
oxidized form of nitrogen compound is commonly
presented in surface and groundwater because it is the
end product of aerobic decomposition of organic
nitrogenous matter. Unpolluted natural waters usually
contains only minute of qualities of nitrate. The nitrate
value of this work was below WHO recommended
limit of 50 mg/l. Nitrate concentration above the
recommended value of 10 mg/l is dangerous to
pregnant woman and poses a serious health threat to
infants less than three to six months of age because of
its ability to cause methaemoglobinaemia or blue baby
syndrome in which blood loses its ability to carry
sufficient oxygen (Frecham et al., 1986). The nitrate
value obtained is far below the values reported by
Malomo et al., (1990) who gave nitrate concentration
of up to 124 mg/l in shallow groundwater near
pollution source in Southwest, Nigeria. The sulphate
content was within the WHO limit of 250 mg/l and
could be utilized in fisheries project and agricultural
activities. According to Esry et al., (1991) the levels
of sulphate above 600 mg/1 act as purgative in humans.
All the heavy metals analyzed were within the WHO
standard limit. Though, zinc is an essential element
needed by the body and is commonly found in
nutritional supplements and all foods. However, when
taken in relatively large quantity over a period of time,
zinc affects human health (Sangodoyin, 1991). A
similar result was reported by Igbinosa and Okoh,
(2009) and the result obtained in this study was in
agreement with the findings of Ikem et al., (2002) and
Shyamala et al., (2008). The microbial quality of the
well water was satisfactory because E.coli and
salmonella species that are major indicators of water
pollution were not detected. Coliform populations are
indicators for pathogenic organisms. They should not
be found in drinking water but usually present in
surface water, boil and feces of human and animals.
Absence of coliform population in the water sample is
a clear indication of good sanitary condition in the
study area. However, this result disagreed with Bisi-
Johnson et al., (2017) who observed higher mean
values of total coliform and E.coli in stored water
during evaluation of physico-chemical and microbial
qualities of source and stored household waters in
some communities in South Western Nigeria. Though
very little information was available on analysis of
faecal sludge in Nigeria, the values obtained for the
feedstock materials before co-digestion with faecal
sludge showed higher nutrient composition when
compared with a similar study carried out on mixture
of cow dung and water hyacinth by Sridhar et al.,
(2014). The nutrient value obtained for the feedstock
materials of Nitrogen ranged from (0.25 - 0.27%),
phosphorus (0.2 - 5.7%) and potassium (0.3 - 8.4%)
were higher than N (0.2%), P (0.3%) and K (0.7%)
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obtained by Sridhar et al, (2014). This result
supported the Moller and Muller, (2012) who stated
that the nutrient content of bio-slurry will be more or
less the same as that of the manure that is used as
feedstock. However, because part of the organic
matter is decomposed during the digestion process, the
nutrient content will be higher in the bio-slurry than
that in the manure. Also, because of the breakdown of
organic matter during digestion, organically bound
nutrients are mineralized into a directly available
form. Anaerobic digestion tends to increase the
content of available nitrogen, in the form of
ammonium-nitrogen. Moller and Muller (2012) also
reported 45-80% increase in nitrogen concentrations
in anaerobically digested materials for biogas
production. This result also corroborated to the
findings of Gurung, (1997) in terms of nitrogen
content but differs in phosphorus and potassium. He
reported that nitrogen levels in digested manure were
about 2-2.5 times higher than in undigested farmyard
manure while phosphorus and potassium remained the
same after anaerobic digestion. This result agreed with
the findings of Den Toom, (2013) who reported N
(0.24-0.26%), P (0.3-2.8%) and K (0.3-1.4%) during
biodegradation of Cow dung, Cow intestinal waste and
poultry waste for biogas production. This result
disagreed with the findings of Smith, (2013) who
observed decrease in the concentrations of nitrogen,
phosphorus and potassium in the slurry produced from
the mixture of mixed organic waste and faecal sludge
for biogas generation for electricity supply. In terms of
gas composition, methane formed the largest
component of the biogas produced by all the substrates
(Figure 2). There was no hydrogen sulphide in the gas
produced by Faecal Sludge + Cow Intestinal Waste.
The highest percentage of methane was found in
Faecal Sludge + Cow Intestinal Waste produced
biogas while Faecal Sludge Only produced the gas
with the least percentage of methane and highest
percentages of CO; and CO. This result agreed with
the findings of Wei et al, (2011) who reported an
increasing trend of biogas production from
commencement and a drop after 300 days from
supernatants of hydrothermally treated municipal
sludge by up-flow anaerobic sludge blanket reactor.
Alkan-Ozkaynak and Karthikayan,(2011) also
reported a high rate of biogas production from treated
thin sullage with a drop towards the end of the
experiment. Similarly, the finding was in agreement
with Dahunsi and Oranusi, (2013), who reported
steady increase rate of biogas production from ninth
day to a peak on the twenty third day before dropping.
Laskri and Nedjah, (2015) reported that the volume of
gas produced by anaerobic digestion of wastewater
sludge is ten times more than the experience of the
anaerobic digestion of organic wastes from the

SOYINGBE, AA; OLAYINKA, O; BAMGBOSE, O; ADETUNJI, MT



Effective Management of Faecal Sludge through.....

landfill. Furthermore, Rabah et al, (2010) also
reported a highest volume of biogas (2240 cm?®) in
week 2 while the least volume (1820 cm?) was
obtained in week 4 of their work on assessment of
biogas production using abattoir waste at different
retention time. According to Sridhar et al,(2016),
biogas is chiefly methane (60-70 %) and carbon
dioxide (30-40 %). Occasionally, other gases such as
hydrogen (5-10 %), nitrogen (1-2 %), and hydrogen
sulphide (<1%) may be found depending on the nature
of raw materials and operating conditions. The level of
methane obtained in this study (70 %) was quite a good
indication that the mixture of faeces, vegetable waste,
faeces and cow dung forms suitable recipe for biogas
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generation. The level of methane was similar to 70.6
% of methane evolved from the mixture of pig dung
and selected crop waste in a study conducted by
Okareh et al., (2012). Good performance of the
digester in terms of methane generation could be
explained by air tight condition of the digester that was
ensured during the construction. The composition of
methane gas generated from the mixture was higher
than 58 % CH4 and 24% CO; obtained by Dahunsi and
Oranusi (2013). It was also higher than the levels
found in other previous studies: Lawbuary (2006)
(CHs: 58 % and CO;: 15-35%), Mathias (1998)
(CH4:65-70%, and CO01:42%) and Smith (1993)
(CH4:55-70% and COx: 30-45%).

80 - ™ Methane

04 ® Carbon IV Oxide
80 -
50 4
40 -
30

20 4

10 4

B Hydrogen Sulphide

Carbondioxide

Cow Dung

Fecal Sludge Only  FecalSludge +

Fecal Sludge +
Cow Mixed
Organic Waste

Fecal Sludge +
Cow Intestinal
Waste

Fig 4: Composition of biogas generated from the digester

Chemical Characteristics of the bio slurry produced
after co-digestion of faecal sludge with the feedstock
materials: Table 3 shows the results of chemical
characteristics of the bio-slurry produced after co-
digestion of faecal sludge with the feedstock materials
during anaerobic gas production in the digester. The
levels of macronutrients were; carbon: (5.0+0.1%),
nitrogen (0.414+0.1%), phosphorus (0.13+0.1%),
potassium (0.12+0.1%) for faecal sludge only; carbon
(6.0+1.01%), nitrogen (0.42+0.1%), phosphorus
(0.2440.11%), potassium (0.3+0.12%) for faecal
sludge + Cow Dung; carbon (5.3+0.11%), nitrogen
(0.36+0.1%) phosphorus (0.11+0.02%), potassium
(0.4+0.1) for faecal sludge + cow intestinal waste;
carbon  (5.840.11%), nitrogen  (0.46+0.1%),
phosphorus (0.15+0.1%), potassium (0.1+0.1%) for
faecal sludge + mixed organic waste. Carbon and
organic matter were found to be higher in all the

slurries produced. The slurry produced by faecal
sludge only had lowest C : N of 12: 1 while that of
faecal sludge + cow intestinal waste had highest C : N
of 15:1. The mean carbon content of the faecal sludge
only, produced slurry was 5.0+0.1 % and for the three
feedstock materials ranged from 5.3+0.11 to 6.0+1.01
%. The nitrogen content of the bio slurries ranged from
0.36+0.10 to 0.46+0.1 with faecal Sludge + mixed
organic waste had highest value. For heavy metals
concentration in the slurries, faecal sludge + cow
intestinal waste slurry showed the Thighest
concentration of Zinc which was 16.8+0.34 mg/1 while
the slurry from FSO showed lowest concentration of
Chromium (0.1+0.01 mg/l). Similarly, for microbial
contents of the slurries, FSO slurry had lowest total
count of bacteria of 1.2 x 102+0.01 cfu/ml with E. Coli
(1.1x 1024+0.12 cfu/ 100 ml), salmonella (2.0 x 102+
0.02) cfu/ 100 ml), and Bacillus cereus (2.5 x 10
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24+0.32 cfu/ 100 ml). The populations of the microbes
in all the slurries were significantly lower. The
primary nutrients required by microorganisms for
growth are: C, N, P, and K (Tchobanoglous et al,
1993). The C and N play the most important role in the
composting process: C is used by microorganisms for
energy and growth while N is needed for protein and
production (Metcalf and Eddy, 2003). It was also
observed that the nutrient values ( N and K) in cow
intestinal waste (CIW) fed into the digester as influent
was lower than the bio-slurry sample produced after
mixing with faecal sludge in the digester, but was
reverse for mixed organic waste (MOW) influent and
its slurry produced after mixing with faecal sludge in
the digester. The result of organic waste
decomposition inside a biogas digester was
stabilization of organic waste whereby the waste was
broken down to stable elements. These elements
increases in quantity as decomposition progresses to
maturity, leading to more values observed in the spent
slurry of cow intestinal waste mixed with faecal
sludge. A number of studies have demonstrated
apparently significant changes in slurry composition
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following anaerobic digestion (Hobson et al., 1974;
Baldwin 1993). The results of some early research in
Germany showed a small reduction in slurry solids
content, a decline in organic N content and an increase
in NH4-N content (from 50% to about 60% of total N)
(Vetter et al.,1987). The nutrient values of the bio-
slurries in this study were a little bit lower compared
to work of AminuHaque, (2013) who reported the
value range of digested bio-slurry of N (1.40-1.80%),
P (1.10-2.00%) and K (0.80 -1.20) during comparison
of digested bio-slurry nutrient values to other organic
fertilizers and also Gurung, (1997) who reported N
(3.0-5.0%), P (2.5 — 4.4%) and K (0.7-1.9%) in spent
slurry from night soil biogas plant. The nutrient levels
obtained were close to the standards established by
National Special Programme on Food Security:
Nitrogen (1.0 to 4.0%); Phosphorus (1.5 to 3.0) and
Potassium (1.0 to 1.5%) (Soyingbe, et al., 2012). They
also have the primary characteristics of organic
fertilizer under specification of the compost quality
standard in Thailand which stated the following;
organic carbon, >17.4%; Nitrogen >1.0; Phosphorus,
> 0.44 and Potassium, >0.5% (Soyingbe et al., 2012).

Table 3: Chemical Characteristics of the bio slurry produced after co-digestion of faecal sludge with the feedstock materials

Parameters Faecal Sludge Faecal Sludge +  Faecal Sludge + Faecal Sludge +
Only Cow Dung Cow Intestinal Mixed Organic
(FSO) (FS + CD) Waste (FS+CIW)  Waste (FS+MOW)

C (%) 5.0+0.1 6.0+1.01 5.340.11 5.840.11

N (%) 0.41+0.1 0.42+0.1 0.36+0.1 0.46+0.10

P (%) 0.13+0.1 0.24+0.11 0.11+0.02 0.15+0.1

K (%) 0.1240.1 0.3+0.12 0.4+0.1 0.140.1

CN 12:140.2 14:140.1 15:140.11 13:140.21

Organic Matter (%) 12.740.1 28.9+1.0 32.240.12 29.5+0.3

Mg(mg/l) 0.91+1.1 1.240.1 1.3+0.2 1.140.11

Ca(mg/l) 2.0140.1 2.35+1.2 1.6+0.4 1.36+1.3

BOD(mg/l) 1,120+1.4 998+1.11 968+1.01 1,003.5+1.02

COD(mg/1) 6,12342.1 7,693+1.41 6,896+1.16 7,101+1.21

Pb(mg/1) 1.14+0.1 4.140.12 3.5+0.13 2.140.14

Cd(mg/l) 0.25+0.1 1.2+0.01 0.6+0.01 1.1+0.11

Zn(mg/l) 9.140.11 12.7+1.11 16.8+0.34 15.240.15

Fe(mg/l) 10+0.12 6+0.15 5.240.21 4.5+0.14

Ni(mg/l) 1.6+0.11 1.240.13 2.140.14 3.5+0.52

Cr(mg/l) 0.140.01 0.140.21 1.9+0.01 3.240.02

Total Count (cfu/ 100 ml) 1.2 x1040.01 1.3 x102+0.04 2.2 x102+0.03 3.2 x107+0.03

E.Coli (cfu/ 100 ml) 1.1x 102+0.12 1.5 x10%4+0.03 1.3 x102+0.02 1.1 x102+0.02

Salmonella (cfu/ 100 ml)
Bacillus Cereus (cfu/ 100 ml)

2.0 x 102+0.02
2.5x107+0.32

1.1 x102+0.05
1.3 x102+0.01

1.2 x102+0.01
1.5 x102+0.04

1.3 x102+0.12
1.6 x102+0.03

The analysis of the feedstocks before and after
anaerobic digestion revealed that there was a reduction
in Biochemical Oxygen Demand (BOD) and Chemical
Oxygen Demand (COD) indicating that anaerobic
digestion was a viable way of reducing these
parameters from sludge or wastewater. The reduction
in Biochemical Oxygen Demand recorded in this study
agreed with House,(2007) who reported that treating
human waste through anaerobic digestion is a credible
ethical  sanitation technology and removes
biochemical oxygen demand from sewage, conserves
nutrients (especially nitrogen compounds) and most

importantly reduces pathogens. Similarly, the
reduction in chemical oxygen demand was in
agreement with Wei et al., (2011) who reported a high
chemical oxygen demand removal from supernatant of
hydrothermally treated municipal sludge by up-flow
anaerobic sludge blanket reactor (VASD). Also
Yoneyamaet al., (2006) reported chemical oxygen
demand removal rate reaching up to 75.9% during
recovery of bioenergy from hydrothermally heated
cow manure. Dahunsi and Oranusi, (2013) also
observed drastic reduction of BOD, COD and ash
contents of the biogas feedstock before and after
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anaerobic digestion of food waste and human excreta.
The optimum carbon to nitrogen ratios in anaerobic
digesters are between 20:1 and 30:1. A high C: N is an
indication of a rapid consumption of nitrogen by the
methanogens and results in a lower gas production. On
the other hand, a lower C: N causes ammonia
accumulation and pH values exceeding 8.5 which are
toxic to methanogenic bacteria. The values obtained
for C: N for the feedstock materials before digestion
was in agreement with the optimum of between 20 and
30 for biogas generation from biomes. This agreed
with the reported work of Ojikutu and Osokoya,
(2014) who reported a C: N of between 37:1 and 46:1
for four feedstock materials in evaluation of biogas
production from food waste. Similar trend was also
observed by Dahunsi and Oranusi (2013). Optimum C:
N of the feedstock materials can be achieved by
mixing waste of low and high C: N such as organic
solids waste mixed with sewage or animal manure
(Kim et al., 2006). The C: N of the bio-slurries formed
in this study agreed with 10 to 15 C/N of National
minimum Quality Standards for Compost and (C/N
(<20) of quality standard in Thailand (TACFS, 2005).
In terms of heavy metals composition, higher values
were also observed in the feedstocks and the slurries
produced when mixed with feces than the mixture of
water hyacinth and cow dung by Sridhar et al., (2014).
The reason for high heavy metals composition in
human faeces could be due to the fact that human
beings are omnivorous animals while cattle are
herbivorous animal that feed only on grass. Similarly,
exposure to heavy metals would be more in human
being due to bio-concentration and bioaccumulation
from varieties of food they consume. The extensive
studies by Kraus and Grammel, (1992) raised concern
regarding the level of heavy metal in waste stream.
This led to a gradual shutdown of municipal solid
waste composting plants in Germany, Switzerland,
Austria and France. High level of heavy metal may
have potential effects on microorganisms inside the
digester as well as quality of organic fertilizer
produced from the spent slurry. However, the
concentrations of heavy metals in the spent slurries
were lower than the standards in some developed
countries, including Germany, U S A and Canada
(McGrath et al.,1994; Richards and Woodbury, 1992),
indicating that the slurries are suitable for application
on farms as organic fertilizer. Levels of heavy metals
were significantly lower in bio-slurries produced than
feedstocks with particular reference to iron, lead,
copper, zinc and cadmium. Various studies have
shown reduction in heavy metal levels during
decomposition of organic waste (Ogunbanwo, 2001).
Although, the exact mechanisms of these reduction are
not known. It has been attributed to the metal ions
becoming bound to organic molecules thereby
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reducing their solubility and therefore their polluting
potential (Peter, 1993). Also, the values could be
reduced if the community members separate their
waste at households. Kraus and Wilke, (1997)
examined compost made from non-source separated
wastes and source separated waste i.e. wastes
separated at household. He found out that the compost
from source separated wastes contained, on average,
Y the metal content of mixed waste compost.
Comparison of microbial population in the feedstocks
and the bio-slurries produced indicated a clear
difference in the total counts. The total count of the
feedstocks ranged from 1.0 x 107 to 1.3x107cfu/ 100
ml and 1.2x10? to 3.2 x10%cfu/ 100 ml for the bio-
slurries. The main reason for the reduction was very
high temperature inside the digester which was always
responsible for the death of microorganism. According
to Lund et al., (1996) the average temperature within
the digester remains about 40 °C above the ambient
temperature. Microorganism such as coliform,
salmonella and bacillus counts were also lower in the
bio-slurries. The average total coliform count range
(1.2x 102 t03.2x102cfu/ 100 ml) found in the slurries
was lower than the value (3.5 x 10''cfu/ml) obtained
in the slurry of pig dung mixed with crop waste in a
study carried out by Okareh et al., (2012). The level of
microbes was also lower than the standards stipulated
by California Department of Resources Recycling and
Recovery (CalRecycle), (2010) for fertilizer.

Conclusion: The study concluded that faecal sludge
co-digested with various types of organic feedstock
materials was effective in producing biogas and
nutrient rich bio-slurries as organic fertilizer.
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