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ABSTRACT 
Eight onsite wastewater treatment systems (OWTS) were evaluated for suitability of application in Nigeria for 
efficient treatment and disposal of domestic wastewater, using analytic network process (ANP). Ten location re- 
lated risks were used as criteria in the decision making process. Expert views were used to obtain pairwise com-
parison matrices of the OWTSs with respect to the criteria. Saaty’s Super Decision Software was used to com-
plete the ranking process. The order of ranking obtained was as follows: septic tank with absorption field 
(0.1502) > septic tank with soakaway (0.142) > composting toilet (0.128) > septic tank with sand filter (0.125) > 
septic tank with constructed wetland (0.12) > septic tank with holding tank (0.12) > septic tank with mound sys- 
tem (0.118) > septic tank with recirculating sand filter (0.096). However, when the costs and life spans of these 
systems were incorporated into the ranks, and considering other factors, the septic tank with absorption field 
stood out as the best option. A simple sensitivity analysis shows that depth to water table, proximity to drinking 
water, susceptibility to flooding and proximity to large roots have the highest influence on the ranks of OWTSs. 
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1. Introduction 
Onsite Wastewater Treatment System (OWTS) has 
gained more popularity in developing countries than the 
highly engineered centralised wastewater management 
system of industrialized nations due to some constraints 
including: lack of technical know-how, funds, mindset, 
lack of government involvement and commitment etc. 
[1,2]. Over the years, Nigerians have relied on OWTS for 
domestic water disposal. The septic tank system is the 
most widely used onsite treatment system for domestic 
wastewater. In fact, most developing countries (Nigeria 
inclusive) lack the technology and economic power to 
construct and operate sewerage systems for conveyance 
of domestic wastewater to central sewage treatment fa- 
cilities, so a greater population relies on the septic tank 
system for sewage treatment. It is an enclosed receptacle 
designed to collect wastewater, segregate settleable and  

floatable solids (sludge and scum), accumulate, consoli- 
date and store solids, digest organic matter and discharge 
treated effluent [3]. In the United States only, over 50 
million people use the septic system [4]. However, re- 
cently, the development of mega cities such as Abuja has 
given rise to an upsurge of centralized wastewater treat- 
ment facilities. Huge amounts of capital have been in- 
vested in sanitation, infrastructure and services which are 
largely non-functional at the moment. This may be as a 
result of non-availability of spares parts for plant main- 
tenance, funding problems and a myriad of problems [5]. 
In view of the above, it can be safely assumed that 
OWTS remains a viable solution to sanitation problems 
in developing countries. OWTS can be constructed and 
operated successfully almost anywhere because of its 
reliance on natural treatment processes unlike the centra- 
lised system that relies heavily on chemicals, equipment, 
and energy supply. In spite of the perception that onsite 
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systems are inferior, old fashioned, technologically 
bankrupt, and not as safe as centralised system from an 
environmental and public health perspective, many 
communities have pursed the construction of the later 
(collection systems and sewage treatment plants). Cen- 
tralised systems however are not the most cost effective 
or environmentally friendly option for all situations, as 
sewage treatment plants can discharge high point source 
loadings of pollutants into receiving waters. They are 
costly to build and operate especially in areas with low 
population densities and dispersed households. They can 
also contribute to eutrophication that might threaten wa- 
ter quality [2].  

Anderson [6] stated that the factors affecting the per- 
formance of different OWTS include: effluent absorption 
rates; a percolation rate of between 20 and 90 minutes 
per inch is considered to be the acceptable range for good 
septic systems, proximity to surface water or wells; a 
minimum separation of 100 feet between drain fields and 
well is recommended, the septic system should be lo- 
cated on the portion of the building site where the risk is 
minimal, disturbance potential; which requires that sys- 
tems should be located on portions devoid of tree-root 
damage, construction activities, or cars driving over drain 
fields, sizing requirements; which requires that systems 
be sized based on the anticipated usage, soil suitability is 
also of extreme importance amongst other factors. Any 
negligence of these factors exposes the OWTS to risk 
which results in total collapse of the system thereby en- 
dangering public health. In Nigeria, the ubiquitous septic 
tank with polishing soak away has failed in places with 
certain physiographic features such as high groundwater 
table, highly porous soils, high gradient soils, impermea- 
ble soil strata and swampy soils. This has resulted in in- 
discriminate fouling of groundwater and surface water, 
with concomitant outbreak and spread of epidemics. 
When septic tanks fail, they release nutrients and patho- 
gens into the environment [7-9] such as groundwater, 
surface waters, swimming pools, farmlands etc. Jelliffe 
[10] reported septic tank failure rate as being higher than 
40% in Australia. Of the 48 septic tanks studied by 
Ahmed et al. [11], 32(67%) needed cleaning out, 23(48%) 
had soggy absorption fields, 4(8%) had structural defects 
such as broken baffles or lids, 2(4%) had technical faults 
such as high water table or the absorption system being 
too close to a water well, 3(6%) had insufficient capacity, 
and only 7(15%) were well maintained. In order to cir- 
cumvent the shortcomings of the conventional septic 
tanks other versions of OWTS have been developed over 
the years. Hence, this paper aims to rank different OWTS 
according to site suitability using Analytic Network 
Process (ANP) and create awareness on the need for 
careful selection of proper OWTS considering varying 
site conditions and the economic implications/justifica-  

tions of selected systems. 

2. Methodology 
This research is a comparative study of variants of 
OWTS and their ranking according to suitability. This 
ranking is based on the different site criteria that may 
expose these systems to potential risks. These views are 
thus presented in overview form for decision-making. 

2.1. An Overview of Selected OWTS 
2.1.1. Septic Tank with Absorption Field Trench  

(STAFT) 
A conventional absorption field trench also known as a 
rock lateral system, is the most common system used on 
level or land with moderate slope and adequate soil depth 
above the water table or some restrictive horizons. 
STAFT consists of a septic tank, distribution box, and a 
gravel filled absorption field installed below the soil sur- 
face [12]. Typically, household wastes are collected in 
the septic tank which retains the wastewater for approx- 
imately 24 hours, allowing the solids to separate and set- 
tle out. This also allows bacteria to partially decompose 
and liquefy the solids. A scum layer consisting of fats 
and oil floats on the surface of the wastewater. Sludge is 
retained in the septic tank and must be removed periodi- 
cally. Effluent flows out of the septic tank to the distribu- 
tion box where it is evenly distributed throughout the 
absorption filed. As the effluent moves through the soil, 
impurities and pathogens are removed by a combination 
of straining, adsorption, inactivation and decomposition. 

2.1.2. Septic Tank with Soak Away (STS) 
A septic tank is basically a vessel buried underground, 
the purpose of which is the collection, storage and to 
some limited extent, treatment of waste [13]. A typical 
septic tank system normally operates by gravity, and 
consists of a tank and soaks away drain. Soak away is a 
rectangular or circular excavation lined with geotextile 
fabric and filled with clean granular stone or other void 
forming materials that receive effluent from a perforated 
pipe inlet and allows it to infiltrate into the natural soil. 
Also referred to as a percolation trench, it is an under- 
ground soil treatment system, which receives partially 
treated sewage from the septic tank. Generally, a septic 
tank with soak away system performs two functions: it 
uses naturally occurring aerobic soil bacteria to further 
polish the pollutants in the effluent and disperse septic 
effluent into the soil. 

2.1.3. Septic Tank with Holding Tank/Cesspool  
(STHC) 

Cesspools/holding tanks are antiquated systems that re- 
ceive waste from the house and allow the liquid portion 
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to seep into the surrounding soil. Typically, they are cy- 
lindrical holes in deep soil, several feet in diameter. 
There is usually a porous inner wall of stone, masonry, 
precast concrete or other materials strong enough to 
shore up the soil [5]. The outer surface (between the 
concrete wall and outer soil wall) is filled with gravel. 
Raw wastewater flows into the top of the inner chamber 
which in turn, retains and partially digests the solids 
while the effluent seeps through to the gravel filled outer 
chamber, and then into the surrounding soil. Design of a 
cesspool depends upon the ability of the soil to absorb 
water, they should not be used in porous soil or where 
groundwater may come within 5 feet of the bottom. They 
should also be downhill and 500 feet away from wells 
used for drinking water. Because of the potential for di- 
rect, concentrated discharge of untreated waste to 
groundwater, cesspools are a high risk to public health 
and water quality. 

2.1.4. Septic Tank with Sand Filter (STSF) 
The STSF is ideal for soils with inadequate soil depth for 
wastewater filtration. The typical sand filter is a PVC- 
lined or concrete box filled with a specific sand material. 
A network of small diameter pipes is placed in a gra-
vel-filled bed on top of the sand. The septic sand effluent 
is pumped under low pressure through the pipes in con-
trolled doses to ensure uniform distribution. The effluent 
leaves the pipes, trickles downwards through the gravel 
and is treated as it filters through the sand. A gravel un-
derdrain collects and moves the treated wastewater to 
either a second pump chamber for discharge to a pres- 
sure distribution drainfield or to a gravity flow drainfield. 
The second pump chamber may be located in the sand 
filter [14]. A typical sand filter system has 4 working 
parts: the septic tank, the pump chamber with a pump, 
the sand filter, and the disposal component including a 
drainfield (or possibly a mound) with its replacement 
area. 

2.1.5. Septic Tank with Mound System (STMS) 
Mounds were developed to overcome 3 natural condi- 
tions: slow or high permeable soils, shallow soils covered 
with porous bedrock, or high water table. The mound is a 
drainfield that is raised above the natural soil surface to 
achieve the desired vertical separation from a water table 
or impervious material on top of the best native soil stra- 
tum. At least 1 foot of naturally occurring soil is neces- 
sary for a mound system to function properly. The 
mound is composed of a sand fill that has gravel filled 
bed and a network of small diameter pipes known as the 
distribution system. From the chamber, effluent is 
pumped through the pipes in controlled, low pressure 
doses so that uniform distribution is achieved throughout 
the bed. The effluent comes out of the pipes through 

small holes and trickles downwards through the gravel 
bed and into the sand. Treatment of the effluent occurs as 
it moves through the sand and into natural soil [15,16] 

2.1.6. Septic Tank with Rock-Plant Filter System  
(Constructed Wetland), (STRPF) 

The rock-plant filter system, also called constructed wet- 
land, is a term applied to a system designed to accom- 
plish specific treatment tasks for wastewater, mimicking 
natural wetland. Wetlands which are natural purifiers in 
the environment are environments where plant roots are 
submerged in water or saturated soil all or most of the 
time [17]. Constructed wetland for individual home 
wastewater treatment includes: open wastewater surface 
with depths up to about 2 feet, wetland plants, lined rock 
beds with submerged wastewater flow, wetland plant 
root systems (rock-plant filter), unlined sand or gravel 
cells for additional treatment and absorption following 
either an open or submerged cell. The partially treated 
effluent from the septic tank enters the lined rock-plant 
filter cell through solid piping, where it is distributed 
across the cell. The plants within the system introduce 
oxygen into the wastewater through their roots, for aero- 
bic digestion of organic matter. As the wastewater be- 
comes oxygenated, beneficial micro organisms and fungi 
thrive on and around the roots, which leads to digestion 
of organic matter. In addition, large amounts of water are 
lost through evapotranspiration, and soil infiltration. Be- 
sides, the plants absorb some of the pollutants by osmotic 
pressure. All of the processes described above give rise 
to a substantially purified wastewater. Besides, due to the 
large amounts of water losses from the wetland, little or 
no effluent is produced. 

2.1.7. Composting Toilet (CT) 
A composting toilet is a well ventilated container that 
provides the optimum environment for unsaturated but 
moist human excrement for biological and physical de- 
composition under sanitary controlled aerobic conditions. 
It consists of a self-contained toilet with a chamber and 
venting system. The chamber contains sawdust and some 
water composting media which will combine with the 
waste material to form compost overtime. There are 
usually some methods to turn the pile to assure an even 
mixture and complete composting. Once composting is 
complete the residue is removed manually from the 
chamber. Completion of the process is recognised when 
satisfactory stabilization is attained. This is evidenced by 
the production of humus containing 2.3% Nitrogen, 1% - 
1.5% P2O5 and K2O whereas chemical fertilizers are pro- 
vided in a ration of 15:15:15 for NPK respectively 
[18,19]. It is worthy to note that a CT system encourages 
water efficiency (water is not wasted as a transport me- 
dium to flush toilets) and nutrients (nitrogen and phos- 
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phorous) are kept in tight biological cycles which may 
cause problems to receiving waters if left uncontrolled. 

2.1.8. Septic Tank with Recirculating Sand Filter  
(STRSF) 

A recirculating sand filter is a modified version of the 
sand filter. It was designed to alleviate the odour prob- 
lems associated with open sand filter. Odour elimination 
occurs through recirculation, which increases the oxygen 
content in the effluent that is distributed on the filter bed 
[15]. The three basic components of an RSF system are a 
pretreatment unit, a recirculating tank, and an open sand 
filter. The recirculating tank is high in organic matter and 
low in oxygen, an environment ideal for denitrifying 
bacteria. Nitrates are converted to harmless nitrogen gas 
which is released to the atmosphere. RSFs are particu- 
larly good for treating wastewater where nitrate must be 
removed to protect the quality of groundwater or other 
water resources. They also provide a very good effluent 
water quality with over 95% removal of BOD and TSS. 

2.2. Multicriteria Ranking Procedure 
The Analytic Network Process, ANP was used because 
of its ability to capture the outcome of dependence and 
feedbacks within and between clusters of elements. The 
various steps involved in the multicriteria decision 
process as applied in this paper are given in the following 
subsections. 

2.2.1. Model Construction And Problem Formulation 
Here the goal of the study was stated. The section has 
two parts: first part is control hierarchy, consisting of 
network of relationship between goal, criteria and sub 
criteria. The goal is to rank various variants of OWTS in 
order of suitability or preference. Next is the criteria lev- 
el which in this study consist of all the restrictive condi-  

tions affecting the siting of OWTS. The lowest and last 
level is the sub criteria level which consists of the alter- 
native options OWTS viz: STS, STHC, STSF, STMS, 
STAFT, STRPF, CT and STRSF. Second part is creating 
network hierarchy, consisting of network of relationship 
between elements and clusters (Figure 1). It should be 
noted that the arrangement of elements at a particular 
level does not follow any order or preference. 

Goal: Ranking of the OWTS 
Criteria: 1) Proximity to drinking water source, 2) 

proximity to flood zones, 3) siting in slope, 4) siting 
along property and building lines, 5) siting in parking 
areas, 6) proximity from roots of big trees, 7) proximity 
to pavings, building and drive ways, 8) seasonal and tidal 
water tables, 9) depth to bedrock, 10) effluent absorption 
rates; a total of ten criteria in all. It should be noted that 
most of the risks associated with OWTS are location de- 
pendent. Hence, all the criteria (risks) used in this study 
directly address location/siting of OWTS. OWTS prox- 
imity to drinking water sources such as wells, boreholes, 
ponds, springs and surface waters increase the risk of 
microbial contamination due to discharge of improperly 
treated wastewater. OWTS located in flood and tidal 
zones stand the risk of inundation and subsequent inter- 
mingling of freshwater with wastewater. The receding 
water is a mass of heavily contaminated water which 
then flows back into farmlands and surface waters. Siting 
OWTS in soils of high gradient can result in overland 
flow of wastewater from the system to adjoining soils, 
lawns, farmlands and any surface water bodies down- 
stream. OWTS located along property lines, drive ways 
and parking lots are often subject to pressure from cars 
which can lead to the cracking of septic tanks. Roots of 
large trees can also penetrate the walls of septic tanks, 
generating big cracks as the roots increase in size. 
Cracked septic tank walls increase the risk of infiltration/  

 

 
Figure 1. Problem formulation. 
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inflow and subsequent overloading of the system; and 
exfiltration which results in the discharge of untreated 
wastewater into groundwater. Areas with very little depth 
to bedrocks or very low infiltration rate are not suitable 
for OWTS. This is because of the absence of adequate 
soil for wastewater filtration as well as restricted infiltra- 
tion rate. This usually leads to ponding and subsequent 
overland flow of wastewater. Also soils of high porosity 
allow for unregulated migration of microbes and nu-
trients to groundwater. 

Sub-criteria: The subcriteria are the eight (8) variants 
of OWTS already discussed. 

2.2.2. Questionnaire Surveys and Expert Preference  
Integration 

According to the ANP model structure for decision is- 
sues, weightings were given to each element through 
questionnaires issued to experts to gather opinions re- 
garding the respective importance of different criteria 
(risks) with respect to sub criteria (alternatives). For each 
of the criteria, the experts were asked to assign a weight 
(based on Saaty’s scale: 1 - 9) to each of the OWTS va- 
riants. The Saaty’s scale is defined as follows: Not risky 
1); Minimal risk 2); Moderate risk 3); Moderate plus 4); 
Strong risk 5); Very strong risk 6); Very strong demon- 
strated risk 7); Very strong risk 8); Extremely risky 9). 
Averages were used to compute the collective weightings. 
Table 1 below shows the average view of experts with 
respect to the risk associated with each criterion for each 
OWTS. 

2.2.3. Establishment of Pairwise Comparison  
Matrices and Vector Weights 

Pairwise comparisons are made to determine the relative 
influence which the alternative has on the relative im- 
portance of the criteria. After the integration of judg- 
ments of experts, the comparison matrix of multiple val- 
uation criteria and option were constructed. The pairwise 
comparison matrix A, in which the element aij of the ma- 
trix is the relative importance of the ith and jth alternatives 
with respect to criterion A is shown below such that aji is 
the inverse of aij. 
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where ; , 1, 2, ,ija i j n=  , and n is equal to the number 
of alternatives. Hence, there will be as many pair wise 
comparison matrices as there are criteria (10 in this case). 
The ten pairwise comparison matrices were computed 
from Table 1. To obtain the first pairwise comparison 
matrix, the first element of Table 1 was used to divide 

each of the elements of the first column. The resulting 
figures formed the first row of the matrix. The second 
element of the first column of Table 1 was again used to 
divide all the elements of the first column of Table 1. 
The resulting array of figures formed the second row of 
the pairwise comparison matrix. This step was repeated 
until all the elements of the first column of Table 1 have 
taken their turns in dividing all the elements of the first 
column. Thus the first pairwise comparison matrix was 
obtained. This matrix is a pairwise comparison matrix of 
the relative importance of the alternatives with respect to 
criteria 1. In order to obtain the remaining pairwise 
comparison matrices, all the columns of Table 1 were 
subjected to the same treatment as the first column. The 
vector weights of the alternatives with respect to each 
criterion were computed by entering the pairwise com- 
parison matrices in Saaty’s Super decision Software. The 
result is given in Table 2 below. 

2.2.4. Computation of Super Matrixes 
To obtain global priorities in a system with interdepen- 
dent influences, the super matrixes listed all sub matrixes 
consisting of all the sub matrixes, clusters and necessary 
elements in order on the left and upper sides of the ma- 
trix, each matrix segment represents a relationship be- 
tween the two nodes (components or clusters) in the sys- 
tem. The un-weighted super matrix in this case is equal 
to the weighted super-matrix because we observed inter- 
dependence within one mode in carrying out the node 
design. The weighted super-matrix, W is as given in Ta- 
ble 3. In order to select the best alternative onsite waste- 
water treatment system, the limiting powers of the su- 
per-matrix were evaluated. This is given by Lim∑Wk. K 
is an arbitrary large number. This implies multiplying the 
super matrix by itself until it converges. Convergence is 
reached when all the elements of each row in the matrix 
become equal. However, in this study, the limit super  
 
Table 1. Average views of experts with the unified ranks of 
the OWTS. 

Systems 
Criteria 

1 2 3 4 5 6 7 8 9 10 

STS 7.00 7.33 6.00 4.67 3.67 6.00 3.33 7.67 5.00 3.67 

STHC 5.00 5.33 3.33 3.67 2.33 6.00 2.00 6.33 3.67 4.00 

STSF 5.33 6.00 4.67 5.33 3.67 5.00 2.67 5.33 3.00 3.00 

STMS 5.67 6.67 4.33 5.00 4.33 5.00 3.00 3.67 2.33 2.67 

STAFT 7.00 6.00 6.00 4.67 3.67 6.00 4.00 6.33 4.00 5.33 

STRPF 5.67 4.67 3.33 3.33 3.00 5.67 3.33 6.67 4.00 3.00 

CT 6.00 5.00 3.67 4.67 2.33 5.67 4.00 6.67 1.33 1.67 

STRSF 3.33 3.33 2.67 4.00 2.67 4.33 3.00 4.67 2.33 1.67 
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Table 2. Vector weights of alternatives with respect to criteria. 

Systems 
Criteria 

1 2 3 4 5 6 7 8 9 10 

CT 0.132 0.137 0.108 0.132 0.091 0.130 0.158 0.140 0.052 0.203 

STAFT 0.156 0.146 0.176 0.132 0.143 0.137 0.158 0.134 0.155 0.164 

STFS 0.130 0.132 0.137 0.151 0.143 0.114 0.105 0.112 0.117 0.105 

STHC 0.130 0.127 0.107 0.107 0.097 0.137 0.085 0.137 0.149 0.125 

STMS 0.125 0.131 0.120 0.138 0.161 0.114 0.112 0.076 0.087 0.119 

STRPF 0.128 0.108 0.098 0.094 0.117 0.130 0.132 0.141 0.155 0.102 

STRSF 0.095 0.075 0.078 0.113 0.105 0.099 0.118 0.098 0.091 0.091 

STS 0.105 0.145 0.176 0.132 0.143 0.137 0.132 0.161 0.194 0.091 

 
Table 3. Weighted super matrix. 

Systems 
Criteria 

1 2 3 4 5 6 7 8 9 10 

CT 0.203 0.132 0.137 0.091 0.158 0.132 0.052 0.130 0.108 0.140 

STAFT 0.164 0.156 0.146 0.143 0.158 0.132 0.155 0.137 0.176 0.134 

STFS 0.105 0.130 0.132 0.143 0.105 0.151 0.117 0.114 0.137 0.112 

STHC 0.125 0.130 0.127 0.097 0.085 0.107 0.149 0.134 0.107 0.137 

STMS 0.119 0.125 0.131 0.161 0.112 0.138 0.087 0.115 0.120 0.076 

STRPF 0.102 0.128 0.108 0.117 0.132 0.094 0.155 0.130 0.098 0.141 

STRSF 0.091 0.095 0.075 0.105 0.118 0.113 0.091 0.099 0.078 0.098 

STS 0.091 0.105 0.145 0.143 0.132 0.132 0.194 0.137 0.176 0.161 

 
matrix was computed using Saaty’s Super Decision 
Software. After synthesizing the limiting super matrix, 
the highest priority alternative was read off and it serves 
as the best option. 

3. Results and Discussion 
Ranking of the OWTS according to suitability follows 
the order in Table 4. The best alternative is the OWTS 
with the highest rank. Results obtained from the analysis 
show that the OWTSs were ranked in this order: STAFT > 
STS > CT > STSF > STRPF > STHC > STMS > STRSF. 
For ease of comparison, the ranks are shown pictorially 
in Figure 2. Ordinarily, one would expect that the more 
complex systems such as the STRSF, STMS and STRPF 
would have higher ranks than all the other OWTSs con- 
sidered in this study, but this is clearly not the case. This 
is not to dispute their superior treatment efficiencies 
which were taken for granted in this study. The result of 
this study suggests that these systems should be used 
only in soils with highly restrictive characteristics and  

Table 4. Alternative rankings. 

Alternatives Total Normal Ideal Ranking 

CT 0.1283 0.128 0.854 3 

STAFT 0.1502 0.1502 1.0000 1 

STFS 0.1246 0.1246 0.8297 4 

STHC 0.1202 0.1202 0.8003 6 

STMS 0.1183 0.1183 0.7877 7 

STRPF 0.1204 0.1204 0.8015 5 

STRSF 0.0964 0.0964 0.6414 8 

STS 0.1415 0.1415 0.9240 2 

 
physiographic features. In such cases the order of prefe- 
rence should be as follows: STSF > STRPF > STMS > 
STRSF if finance is not a limiting factor. The STAFT 
and STS which ranked first and second respectively are 
currently the most common variants of OWTS used in 
Nigeria. Considering complexity, they are less complex   
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Figure 2. Ranks of OWTS. 

 
and as such require less maintenance. The result of the 
raking was predominantly influenced by two factors viz: 
the type of criteria (risk) considered and the judgment of 
experts. However, the difference becomes more distinct 
when the costs and life spans of the different OWTSs are 
incorporated. This was achieved by scaling the ranks as 
follows: the ideal ranks of Table 4 were multiplied with 
the costs and divided with the life span (Figure 3). This 
operation yields a slightly different order of preference as 
follows: CT > STHC > STAFT > STRPF > STS > 
STRSF > STMS > STSF. The composting toilet which 
initially ranked third now ranks first on the scale of pre- 
ference. The preference for the composting toilet stems 
from its environmental friendliness and a skew towards 
sustainability. Composting toilets do not require much 
water as a medium of transport and the fully stabilized 
waste serves as farm manure. This results in a highly 
reduced risk of groundwater contamination. However, 
despite the merits highlighted above, the minimal use of 
water as transport medium can translate to increased risk 
of disease transmission at the source of waste generation. 
The composting toilet is hardly found anywhere in Nige- 
ria. Instead a variant of the composting toilet which is pit 
latrine is still used by the poorest people living in villag- 
es and slums because of its affordability. The septic tank 
with soakaway (STS) which previously ranked second 
now ranks fifth. The soakaway is a pit with porous walls 
into which septic tank effluent flows. The disadvantage 
of STS is that the soakaway grossly reduces the separa- 
tion between the system on the one hand and groundwa- 
ter table and bedrocks on the other. Adequate separation 
between OWTS and groundwater is a highly restrictive 
factor for their use. The septic tank with soil absorption 
field trench (STAFT), which consists of a septic tank 
followed by a soil absorption field, previously ranked 
first but now ranks third. The absorption field trench 
consists of series of perforated interconnected pipes for 
regulated distribution of septic tank effluent to the sur- 
rounding soil. The pipes are buried not too deep into the 

soil so that there remains enough soil depth for wastewa-
ter purification. This system is not commonly used in 
Nigeria possibly because this system requires a sizeable 
portion of land area which increases as soil absorption 
rate decreases. It however appears that the STAFT is the 
most appropriate for Nigeria and other developing coun-
tries both in terms of cost and all the other criteria consi-
dered in this study. For areas with restrictive soil features 
such as swampy areas and other areas with high ground-
water level as are prevalent in the Niger Delta, the septic 
tank with rock-plant filter (STRPF) commonly referred 
to as constructed wetland followed by the septic tank 
with recirculating (STRSF) seem to be more appropriate. 
Constructed wetlands have the advantage of producing 
very minimal effluent as much water is lost by evapo-
transpiration. This certainly results in reduced ground-
water contamination. For the sake of completeness, the 
cost and life span of each system has been given in Table 
5. 

Finally, it is instructive to briefly consider the influ- 
ence of various risk on the ranks assigned to the different 
OWTSs. Table 6 shows that criterion 8 which represents 
depth to water table has the most influence on the rank- 
ing on OWTSs considered. The bold face figures in Ta- 
ble 4 indicate the criterion with the highest influence on 
a particular system; while the italicized bold face figures 
indicate the criterion with the least influence. Five of the 
OWTSs viz: STS, STHC, STPRF, CT and STRST are 
most influenced by depth to water table; while suscepti- 
bility of location to flooding mostly influenced the ranks 
of STSF and STMS. Only STAFT was mostly influenced 
by proximity to drinking water. On the other hand, 
proximity to driveway has the most influence on the 
ranks of STS, STHC and STSF; proximity to parking lot 
has the least influence on the ranks of STAFT and 
STPRF; depth to bedrock has the least influence on the 
rank of STMS and CT; absorption rate has the least in- 
fluence on STRSF. 

In order to ascertain the influence of the ten criteria/ 
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Figure 3. Absolute weights of various risks associated with 
OWTSs location. 

Table 5. Cost and life span summary of onsite systems. 

Systems Cost (USD) Life Span (Years) 

STS 9964 12 - 15 

STHC 9736 20 

STSF 12187 8 - 15 

STMS 25354 20 - 30 

STAFT 9975 20 - 30 

STRPF 9783 12 - 15 

CT 378 15 - 20 

STRSF 12677 8 - 15 

 
Table 6. Percentage contribution of criteria to OWTS ranking (%). 

Systems 
Criteria (%) 

1 2 3 4 5 6 7 8 9 10 

STS 12.88 13.50 11.04 8.59 6.75 1.04 6.13 14.11 9.20 6.75 

STHC 12.00 12.80 8.00 8.80 5.60 14.40 4.80 15.20 8.80 9.60 

STSF 12.12 13.64 10.61 12.12 8.33 11.36 6.06 12.12 6.82 6.82 

STMS 13.28 15.63 10.16 11.72 10.16 11.72 7.03 8.59 5.47 6.25 

STAFT 13.21 11.32 11.32 8.81 6.92 11.32 7.55 11.95 7.55 10.06 

STRPF 13.28 10.94 7.81 7.81 7.03 13.28 7.81 15.63 9.73 7.03 

CT 14.63 12.19 8.94 11.38 5.69 13.82 9.76 16.26 3.25 4.07 

STRSF 10.42 10.42 8.33 12.50 8.33 13.54 9.38 14.58 7.29 5.21 

Average (%) 12.73 12.56 9.53 10.22 7.35 11.31 7.32 13.56 7.26 6.97 

 
risks on the overall ranking of the OWTSs, expert res- 
ponses were transformed into absolute weight as repre- 
sented by Figure 3. The absolute weights were estimated 
using Equation (1). 

max

1

N

ij
i

A

W
W

W N
=

∑
              (1) 

The weights obtained show that depth to water table, 
proximity to drinking water, susceptibility to flooding 
and proximity to large roots have the highest absolute 
weights in that order. Hence, these factors must be given 
priority attention in OWTS selection as well as location 
of selected OWTS. 

4. Conclusion 
A careful selection of treatment system for onsite treat- 
ment of domestic wastewater is pertinent in order to re- 
duce the spread of diseases originating from groundwater 
contamination. From this study, the septic tank with ab- 

sorption field trench stands out as the best OWTS option 
in terms of safety, cost, simplicity and maintenance. 
OWTSs requiring the use of electricity such as the septic 
tank with mound system (STMS), septic tank with sand 
filter (STSF) and the septic tank with recirculating sand 
filter (STRSF) are not ideal because of the current dearth 
of electricity supply in the country. Constructed wetland 
is the next best option for areas with restrictive soil fea- 
tures such as high water table and shallow soils. 
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