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The wastes generated from animal husbandry and the potential 

health hazards it carries to both the users and the underground 

water contamination is not well reported in Africa. Thus, digester 

design using brick was considered and found to be less cost-

effective and portable with respect to Nigeria’s geological 

conditions and availability of materials. In this study, chicken 

droppings were collected from the Research farm of ATB 

University, Bauchi, was anaerobically digested for 6 weeks’ 

retention time using a small scale brick digester constructed at the 

FMEnv/ZERI Research Centre Following anaerobic digestion of 

chicken droppings in Nigeria, the raw slurries with a very high 

mean bacterial, Coliform, Escherichia and Yeast estimated above 

10,000 CFU/ml reduced drastically to only 80 CFU/ml, 59 CFU/ml 

43 CFU/ml and 90 CFU/ml respectively. The volume of methane 

gas produced was 0.0075 m3 daily for every 8 h and this burnt 

continuously for three hours’ test run daily for six days. The 

findings showed that the brick type digester was efficient in 

disinfecting contaminated chicken droppings while providing 

biogas and sterile mineralized fertilizer.  
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INTRODUCTION 
 
The indoor combustion of wood as firewood and charcoal 
for cooking food and lighting houses is still a common 
practice in most parts of the world including about 90% of 
traditional African households (Semple et al., 2013). 
Associated with the indoor use of these materials has 
been the release of high toxic levels of fine particulate 
matter and incomplete combusted carbon monoxide (CO) 
gas (Loai, 2016). Exposure to these substances has 
been linked to respiratory, cardiovascular, eye and 
neurological health associated diseases (Loai and Nuha, 
2018a; Loai and Nuha, 2018b). Among such are 
diseases like pneumonia, Rehfuess et al. (2009), lung 
cancer Kurmi et al. (2012), eye cataracts in the later life 
and obstructive and chronic pulmonary disorders. The 
effect is that nearly two million early deaths in humans is 
experienced annually, a figure comparable to that of 
malaria (Clara et al., 2015).  

A drive in reduction in the levels of carbon dioxide in 
households by introducing different energy sources that 
provide cleaner energy is   envisaged   to   be   the   most  

 
 
 

promising, a trend which is now the focus of research in 
South, Central America and to a limited extent Africa 
(Tayeb et al., 2003). While this has led to provision of 
electricity in homes among other uses, yet small scale 
interventions that aim at using locally produced methane 
(CH4) or biogas derived from livestock and plants wastes 
through biogas digesters has not been widely explored 
(Khondokar, 2019). Thirty-six percent of the populations 
of East Africa are livestock keepers (Cooper et al., 2016).  

A biogas digester is a simple technology that uses 
natural anaerobic digestion of animal and plant waste to 
produce a supply of methane gas for cooking and lighting 
(Ladislav et al., 2011). Biogas digesters produce between 
60-70% CH4 which when efficiently burnt under a cooking 
stove dismals carbon dioxide gas (Khondokar, 2019). 
This improvement could either have been realized from 
any of these small scale digesters; floating drum, fixed 
dome or flexible balloon.  Already trials with the flexible 
balloon digester in Tiribago village in Uganda produced 
encouraging results in terms of pathogen loads reduction  
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and indoor air quality improvement.   The Tiribago study 
further found that use of less than 10kg of firewood per 
day per household still generated CO levels higher than 
the WHO standards.  

Associated with the handling of biogas feedstock 
material and its digestate are human health risks and 
infections which take the forms of bacterial, virological, 
parasitological and mycological forms. Humans get 
infected when they come in contact with digester bio- 
materials at their different stages of processing in the 
digester. It’s already known that 80% of cases of 
occupational diseases are due to farming of which 20% 
are of zoonotic origin McDermott et al., (2011) because 
livestock manures are host to a number of bacterial, viral, 
fungal and parasitic diseases (Le Chevallier et al., 1995). 
Furthermore, studies in children of cattle rearers in Kenya 
showed a 74% diseases prevalence compared to 
children of civil servants with a 27% (Ademola, 2012), a 
suggestion of the fact that digesters could additionally act 
as a safe disposal pathway to the pathogenic waste. 
Thus, digester design using brick was considered in this 
study and found to be less cost-effective and portable 
with respect to Nigeria’s geological conditions and 
availability of materials. 
 
Statements of the problem 
 
Small scale biogas anaerobic digesters (AD) in Sub 
Saharan Africa is much less regulated and centralised, 
for example, about 500 digesters were installed in 
Ethiopia in 2006 (Hailu, 2006). While use of Liquefied 
petroleum gas vis-à-vis traditional firewood and charcoal 
were proven to significantly reduce household 
concentrations carbon monoxide and improvement of 
indoor air quality, there is still no quantified real-world 
data on how different types of digesters will impact on 
indoor air quality and health associated effects on 
humans arising from their exposure to these digesters. 
Plate 1 below shows a cross-section of biogas anaerobic 
digester produced in Sub-Saharan Africa (Yongabi et al., 
2004). There is again no real world data on the 
performance rating and effectiveness of the different 
types of digesters in improving indoor air and microbial 
pathogen reduction. 
 

 
Plate 1.  Anaerobic digester (Yongabi et al., 2004). 

 

 
 
 
Objectives of the research  
 
The main objective of this research will be to promote 
safe use of small scale biogas anaerobic digesters in 
rural house-holds in Sub Saharan Africa. 
The specific objectives will be to: 
 
(i) Measure particulate matter and carbon monoxide and 
the indoor air quality of households using traditional 
firewood and charcoal for cooking and lighting. 
(ii) Measure particulate matter and carbon monoxide and 
the indoor air quality of households using biogas 
anaerobic digesters for cooking and lighting. 
 
 
MATERIALS AND METHODS 
 
Required components 
 
Digester tank; Inlet for domestic waste; Outlet for 
digested slurry; Gas collection and storage system. 
 
 
Required materials 
 
Digester tank made of brick with insulation, 100 litres 
capacity; M-seal and cement; Gas collection bags; PVC 
pipes and valves.  
 
 
Required tools 
 
Welding tools to weld the pipes and disk into the digester 
tank; a hack saw blade for cutting the PVC pipes; a hand 
drilling machine for drilling and boring holes on the brick 
tank.  
 
 
Digester design and construction 
 
High investment costs are normally required to build a 
proper working structure of a digester, and with the 
increase in technological advances, different materials 
with improved properties and lower cost have been 
introduced in the market in recent years. Digester 
construction materials are dependent on the geological, 
local condition and available material for construction 
(Shian et al., 1979). Different construction materials such 
as Poly Vinyl Chloride (PVC), Polyethylene (PE) have 
been used, but some of these materials have a short life 
span (Ferrer et al., 2011; Ferrer et al., 2009; Lansing et 
al., 2010; Yongabi et al., 2004), also in another digester 
design the steel drum has been used and it was found to 
be susceptible to corrosion over a certain period of time 
during operation (Singh et al., 1997). In this work, a 
digester design using brick was considered and found to 
be less cost-effective and portable with respect to 
Nigeria’s geological conditions and availability of materials.  
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Figure 1. Construction of an anaerobic digester. 

 
 

 
 
Figure 2. The Anaerobic digester. 

 
 
 
The anaerobic digester used in this study was 
constructed using a longitudinal wooden and cement 
brick trough with the dimension of the trough as: Length 
of top and bottom, 1.8 m and 1.26 m respectively, while 
bottom width and top width, 0.45 m and 0.8 m 
respectively.  Equally, the depth and slope of the trough 
measured 0.3 m and 0.4 m respectively as shown in 
(Figure 1). At both ends of the trough, plastic pipes were 
initially cut to specifications using the Hawk saw and 
edges smoothened using the half round file. The edges of 
the brick tank were drilled with hand drilling machine and 
boring tools to the required dimension of the PVC pipes 
at both ends and held in place tightly with cement and 

adhesives. The brick tank was thoroughly sealed inside 
with insulating materials to avoid any leakage when the 
process was fully operational as shown in (Figure 2).  
 
 
Sample collection (chicken droppings) 
 
The chicken droppings were collected from the Teaching 
and Research farm of the school of Agriculture, Abubakar 
Tafawa Balewa University, Bauchi while in Cameroon 
poultry faeces were collected from a farmer in Bambui, 
Cameroon. A bucket and a spade were used for 
collection. 
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Slurry preparation 
 
Two ten litre buckets full of chicken droppings (dried) was 
used.  Slurry was made by mixing one part of the chicken 
droppings in two parts of water.  This was thoroughly 
mixed by stirring continuously for twenty minutes.  100 
litres of slurry were fed into the digester.  As effluents 
were added to the digester, excess water drained off at 
the outlet.  The digester was filled to the brim with space 
provision for gas to collect. 
 
Slurry sample collection for microbial analysis 
 
When the slurry was fully made, three samples (10mls 
each) were collected aseptically using sterile stainless 
steel spatula into sterile test tubes.  The test tubes were 
sealed with cotton wool and then transported to the 
FMEnv/ZERI Research Microbiology Laboratory for 
analysis. Similarly, the well water that was used in 
making the slurry, three samples of it were taken 
aseptically in the same way as described earlier for a 
comparative microbial analysis.  
 
Microscopy analysis of slurries (raw and treated) and 
well water samples 
 
Three smears of each of the samples were made on 
clean grease free slides and examined under the 
microscope using x100 and x400 magnifications 
respectively and observations recorded. 
 
Microbial analysis of slurries (raw and treated) and 
well water samples 
 
One millilitre of the raw chicken litre slurry was aseptically 
transferred into 9 mls sterile distilled water to give a one 
in ten dilution (10

-1
 dilution). The diluents were then 

serially diluted using 9 mls of sterile distilled water up to 
10

-3
 dilutions.  Using a sterile pipette, 1 ml each of 10

-1
, 

10
-2

 and 10
-3

 dilutions were carefully and aseptically 
inoculated in triplicates by the pour plate method (i.e. 1 
ml of the suspension mixed onto molten agar), 
Salmonella shigella, Nutrient, MacConkey, Eosin 
methylene blue agars for bacterial isolation and Potato 
dextrose agar for fungal isolation.  All the plates were 
incubated at 37°C for 24 h for bacteria and at 25°C for 
four days for fungal isolation.  The above standard 
technique employed was adopted from Hailu (2006).  
Three samples each were cultured and the same 
procedure was done for both the treated slurry and the 
well water samples. 
 
 
Plate reading 
 
Following incubation at 24 h for bacteria and 96 h for 
fungi, the plates were read off.  The cultural  

 
 
 
 
characteristics such as shape of colonies, colour etc was 
observed macroscopically and recorded.  Then discrete 
bacterial colonies from each plate were gram stained and 
observed microscopically at 1500 magnification 
according to the method of Hailu, (2006).  Equally 
discrete fungal colonies were observed microscopically in 
a Lacto phenol cotton blue preparation.  The cell micro 
morphologies as well as unique differential features were 
recorded. The characteristic features collated were 
compared with taxonomical keys specified in Bergey’s 
manual of determinative Bacteriology (Kurmi et al., 2012) 
to give an identity to the bacterial isolates while the keys 
specified in Kurmi et al, (2012) were used to identify the 
fungal isolate. 
 
 
Microbial analysis of treated slurry 
 
Anaerobic digestion of the raw slurry was allowed for five 
weeks at mesophilic temperature.  Following this 
treatment and as the gas start to fill in the gas collector, 
three samples of the slurry now (treated slurry) were 
aseptically collected and analysis followed the same 
procedure as earlier described. Similarly, it was at this 
time that the well water samples which were initially used 
in making the slurry and kept at room temperature (37°C) 
in the laboratory for five weeks were then 
microbiologically analyzed in the same procedure. 
 
 
RESULTS 
 
The result of bacteriological analysis of raw and treated 
chicken manure slurries at 10

-3
 dilution is presented in 

(Table 1) while the level of methane gas produced is 
shown in (Figure 3). From Figure 3, it could be deducted 
that 0.0025 m

3
 was produced every 8 h, while volume of 

gas produced in a day was 0.0075 m
3
 which is equivalent 

to 7.5 litres. Hence, poultry manure could not give a very 
clean flame probably due to the presence of CO2, CO 
and H2S.  
 
 

 
 
Figure 3. Volume of gas produced against time taken.      
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Table 1. Disinfection efficiency of the novel digester using bacteriological analysis of raw and treated chicken manure 
slurries at 10-3 dilution.  
 

 Total Aerobic Mesophilic Counts  Coliform Counts  E. Coli Counts SS Counts  Yeast Counts  

Raw Slurry TNTC  TNTC TNTC TNTC TNTC 
Treated Slurry 80 CFU/ml 59 CFU/ml 43 CFU/ml Nil 90 CFU/ml 

 
TNTC= Too numerous to count estimated as 10,000 CFU/ml 
CFU/ml = Colony forming unit per millilitre   
Nil= No colonies isolated  
E. coli=Escherichia coli  
SS=Salmonella Shigella 

 
 
Conclusion  
 
In this study which involves assessment of small scale 
biogas digesters in rural households in Sub-Saharan 
Africa, the results showed that the volume of methane 
gas produced was 0.0075 m

3
 daily for every 8 h and the 

raw slurries with a very high mean Bacterial, Coliform, 
Escherichia and yeast estimated above 10,000 CFU/ml 
reduced drastically to only 80 CFU/ml, 59 CFU/ml, 43 
CFU/ml and 90 CFU/ml respectively. Thus, digester 
design using brick was considered and found to be less 
cost-effective and portable with respect to Nigeria’s 
geological conditions and availability of materials. This 
brick type digester was as well efficient in disinfecting 
contaminated chicken droppings while providing biogas 
and sterile mineralized fertilizer.    
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