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Abstract 

ne of the basic needs of every life have been conducive environment, and one of the determinants of 
conducive environment for successful life have been proper wastewater management, the study area 
is one of the highly urbanized and industrial community in Nigeria but its lacks secondary 

wastewater treatment plant. The aim of the study is to spatially identify and map out best sites for the 
construction of secondary wastewater treatment plants in Kano metropolis. The process involved the 
preparing of suitability maps based on constraint criteria of factors such as densely populated areas, surface 
rivers, major roads, rail line, airport, ground slope and land use – land cover of the area using Geographical 
Information System (GIS) and weighted using pair wise comparison Matrix (AHP) and finally the weighted 
maps are integrated using weighted overly tool in Arcgis 10.1. Based on the weighted values suitable sites for 
the treatment plant have been identified  and classified into unsuitable, suitable and most suitable while ten 
best sites have been map out from the most suitable areas.     

Keywords: - Spatial, Analysis, best sites, wastewater, treatment plant, Kano metropolis 

 

Introduction 

Wastewater is a complex mixture of chemicals with distinctive characteristics such as high concentration of 

ammonium, nitrate, high alkalinity and conductivity. Burton and Stense (2003) define wastewater as any 

water whose quality has been affected due to human activities; Morrrison, Fatoki and Ekberg (2001) states 

that one of the major components of water pollution has been wastewater discharge due to its nature and 

varying characteristics. Effluents entering water bodies carries pathogenic organisms that transmit diseases 

such as typhoid, cholera and Skin infection to human beings and other animals which consequently lead to 

the loss of life. Side effect of wastewater does not end at causing diseases to human and animals but it affects 
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the phenology and vigour of our farm products and other plants. The use of wastewater for irrigation 

purpose becomes high in many developing countries such as India, Pakistan, Egypt, Sudan as well as Nigeria. 

Chen, Wang and Huang (2004) observed that crops produce with wastewater especially from coal industry 

are highly affected by aromatic hydrocarbons (PAHs) and organochlorine pesticides (OCPs) They further 

argued that the levels of persisted organic pollutants (POPs) in the water and soils of irrigated land in India 

for example is influence by sewage sludge. 

It was also observed by Young (1985) that lack of adequate water and wastewater treatment plant resulted in 

catastrophic epidemics of waterborne diseases during 1840s and 50s. Therefore, the discharge of raw 

wastewater to the environment and water bodies especially in developing countries becomes a threat to the 

environment and public health. Another study conducted by Ado et al (2015) shows that the quality of water 

bodies in developing countries such as Nigeria cannot be guaranteed for public use due to contamination 

from industrial effluents, in this case, management of wastewater become necessary because public health 

and environmental protection are the major concern in wastewater management (Ji et. al., 2011). Therefore, 

developed countries had gone far and gradually overcome the basic stages of wastewater pollution problems 

(Yunus et. al., 2012) through treatment process but developing countries are still lagging behind. It has been 

observed that about 80% of wastewater produce in developing countries do not pass through preliminary 

treatment before discharge (Water wiki, 2011) this resulted to only about 30% of the population in sub – 

Sahara Africa has access to improved sanitation (WHO/UNICEF, 2012). 

 

There are various techniques use to treat wastewater depending on the nature and extent of the 

contamination but the used of offsite techniques in form of secondary or tertiary treatment system is the most 

appropriate even though, the technique have been hampered due to financial constraint and site suitability of 

factors such as slope, settlement, water bodies, transport network and soil. Hence, the needs for identifying 

suitable sites for offsite wastewater treatment plants have become necessary in urbanized and industrial 

society like Kano Metropolis of Nigeria. In Salem Corporation Tamilnadu of India, Subramani et. al. (2014) 

identify three categories of suitable sites for wastewater treatment plants as good, moderate and poor suitable 

sites based on factors such as land use, slope, distance to roads and distance to river; while Asante and 

Barimah (2012) identify 20Km2 parcel of land north of Accra Metropolitan Area in Ghana as suitable for offsite 

wastewater treatment plant based on the following variables less than or equal to 10% slope, land cover 

classes, distance to existing major roads, rivers, lagoon, existing major populated communities and distance to 

airport facilities. Wastewater has been discharge in Kano Metropolis untreated or partially treated from 

residential, commercial and industrial areas due to the absence of offsite wastewater treatment plants. 

UNIDO (2003) call for the construction of secondary wastewater treatment plant for industrial wastewater in 

Kano Metropolis while Mukhtar, Indabawa and Imam (2010) stated that the existing ponds in Kano 

metropolis are not suitable for the discharge of wastewater due to the high concentration of disease vector 

such as mosquito, chasing odour, toxic chemicals and pathogenic bacteria in the ponds, which are threat to 

public health, hence, they also call for the construction of offsite treatment plant. In line with the 

aforementioned problems therefore, this study aimed to identify and map out best sites for the construction of 

secondary wastewater treatment plant in Kano Metropolis by putting into consideration; densely populated 

areas, surface rivers, major roads, rail line, airport, slope and land use – land cover of the area. 

 

Study Area   

Kano Metropolis is relatively bounded by Minjibir local government area on the North East, Gezawa Local 

Government Area to the East, Dawakin Kudu Local Government Area to the South East, Madobi and Tofa 

Local Government Area to the South West and finally Dawakin Tofa Local Government Area to the North 

West. The area under investigation is located between Latitude 11o 52’2“N to 12o 7’41” North of Equator and 

Longitude 8o 25’3” E to 8o 39’57” East of Prime meridian. Kano Metropolis has an approximate land mass of 

about 499 Km2 (Figure 1).  
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Figure 1: Kano Metropolis: Study area 

Source: GIS Laboratory, Bayero University, Kano 

 

One of the three outstanding colonial agents named Barth estimate the population of Kano city as at March 

1851 to be about 60,000 people (Barau, 2006) these population has raised continuously which resulted to the 

expansion of the city up to the nearby Local Government Areas, NBS (2012) reported the rising rate of natural 

population increase in Kano from an estimated 2.51% per annum in the 1960s (2,828,861) people to about 6.5% 

in 1991 and 6.7% in 2006, leading to a projected population of 3,333,326 in 2011. In fact, Kano Metropolis is the 

second largest city in Nigeria after Lagos with population of 3,626,068 in 2015 (TMTN, 2016). Industrial 

activities as one of the major source of economic development in Kano Metropolis and Kano State as a whole 

could be traced back since from 1945 when people engaged in traditional industrial activities such as 

blacksmithing, but the first industrial zone was established at Bompai in 1970s. According Nabegu (2008) by 

the end of 1985, there were about five hundred manufacturing industries within Kano Metropolitan 

employing over one hundred thousand workers. Of course, economic activities of this nature have 

contributed to the increase in the quantity of wastewater generated in the study area. 

 

The climatic characteristics of Kano Metropolis and Kano State as a whole is typical to that of West African 

Savannah; that is predominantly tropical wet and dry, coded as Aw according to Koppen’s Climatic 
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Classification (Olofin, 1987) hence the area is strongly influenced by the tropical maritime air mass and the 

tropical continental air mass. The soil of the study area differ from that of the other part of the state in term of 

texture, structure and physicochemical properties, similarly between one area of the metropolitan Kano and 

another; For instance the soil around Dala and Goron Dutse are immature due to the influence of hills while 

that around Jakara River and Challawa River contain high level of metals. FAO (1992) attribute the presence 

of high amount of nitrogen, phosphorous and organic carbon in the soil around Jakara River to the presence 

of domestic wastewater. The study area lacks offsite (secondary and tertiary) wastewater treatment plants for 

both domestic and industrial wastewater and even the two primary domestic wastewater treatment plants in 

Tukuntawa and Nomansland were not functioning for years, the sewerage system that convey wastewater 

from the nearby settlement to the plants was blockage and the primary treatment system for the industrial 

effluent were not functioning well as observed by researchers such as UNIDO (2003) and Mukhtar, Indabawa 

and Imam (2010). 

 

Materials and Methods 

In selection of best sites for the construction of secondary wastewater treatment plants in Kano Metropolis, 

the factors considered as appropriate relevant includes: - densely populated areas, major roads, surface rivers, 

rail line and air port maps, these factors was extracted from 6 March, 2015 Land sat OLI (Operational Land 

Imager) data thereby creating shape file for each, digitized and save using Editor tool in Arcgis 10.1while 

slope map was determined from digital elevation models (SRTM DEMs) and land use – land cover map was 

generated from the land sat OLI data using normalized differences vegetation indices (NDVI) and supervised 

classification. The Land sat OLI was download from United State Geological Survey (USGS) achieve, these 

data were then use to derived various suitability maps. The base map for the generation of the suitability 

maps and integration of the data has been obtained from Geography Department of Ahmadu Bello 

University, Zaria in vector format which was converted into raster format while the generation of the 

suitability maps of the criteria was done using proximity and mosaic tools of Arcgis 10.1 software. 

 

Factor’s Suitability Determination 

The siting criteria for the determination of the suitability maps of the seven factors namely; densely populated 

areas, surface rivers, major roads, rail line, airport, slope and Land use – Land cover (LULC) considered for 

wastewater treatment plants (WWTPs) in the study area was adapted and modify from the work of Final 

Spokane County (2003). 

 

Densely populated areas 

Suitability of sites for WWTPs increases with distance from densely populated areas, because sites with low 

anticipated odour impacts to the public should be given priority (Final Spokane County, 2003). Hence, the 

extent from densely populated areas in the study area was derived from buffer distance of less than 200m, 

200m to 500m and above 500m as unsuitable, suitable and most suitable respectively (Figure 2a). 

 

Surface rivers 

Construction of WWTPs should not be sited near the source of water supply such as river, lakes and ponds, 

due to the fact that, conventional technical WWTPs exhibit numerous uncertainties associated with 

performance failure risk as per design and operation is concern (Zurita, Roy and White, 2012). Hence, surface 

rivers of the study area were buffered in such a way that all areas outside 500m buffer are most suitable while 

those within the buffer distance of between 200m to 500m as suitable and those below 200m as unsuitable 

(Figure 2b).  



Dutse Journal of Pure and Applied Sciences (DUJOPAS) Vol. 2 No. 2 December 2016 

 

13 

 

  
        Fig 2a: Built-up suitability map                                     Fig 2b: Surface rivers suitability map 

 

Major roads 

The road network of the study area consist of major, minor, path and others, WWTPs sites should not be too 

close to the road network especially major roads where there is constant passing of people because of the 

visual impacts of wastewater. Final Spokane County (2003) states that sites that are not anticipated to cause 

adverse visual impacts would be rated highest in siting WWTPs; in this case, the suitability increased as 

distance from major roads increases, therefore, areas further away from 300m are considered most suitable 

while those within a buffer of 100m to 300m as suitable and those below 100m as unsuitable (Figure 2c). 

 

Rail line 

The rail line cross the study area through the south eastern region in Kumbotso Local Government Area 

passing Kano Municipal behind Rumfa College through Nassarawa Local Government Area and leaved Kano 

Metropolis by the eastern part; displacement of these giant project is cost and time consuming while in reality 

sites that do not require displacement of important structures such as houses and businesses are preferable to 

those that involve displacement in siting WWTPs (Final Spokane County, 2003). Hence, all areas within the 

buffer zone of 300m and above are considered most suitable; those between 100m and 300m as suitable while 

those below 100m as unsuitable (Figure 2d).    
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        Fig 2c: Major roads suitability map                Fig 2d: Rail line suitability map 

 

Airport 

One of the international airports of Nigeria has been situated within the study area, the airport premises 

consist of several land uses which involved housing, transportation, commercial, educational and agricultural 

activities; these land uses must be relocated if the site was selected for WWTPs therefore, based on the 

recommendation of the Final Spokane County (2003) sites located in areas not requiring a change in land use 

would be scored higher, therefore, a buffer zone was created such that all areas outside the buffer zone of 

300m were considered most suitable while those within the buffer zone of 100m to 300m as suitable and those 

below 100m as unsuitable (Figure 2e).   

                                         
      Fig 2e: Airport suitability map 
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Slope 

Slope gradient of the study area was distributed between 0o and 22.2o (Figure 2f). The highest slope values in 

degrees have been 7.6o – 22.2o while the lowest slope values have been 0o - 1.05o  Treatment plant for 

wastewater should better be constructed in area having moderate to low slope, so as to get free flow of 

wastewater under gravity, but too flat would affect the wastewater runoff from the source; therefore, the 

slope map of the study area was reclassify in to three as less than 5.33o, 5.33o to 7.59o and 7.6o to 22.2o as most 

suitable, suitable and unsuitable respectively (Figure 2g). 

                                             
      Fig 2f: Slope gradient map in degrees                          Fig 2g: Slope suitability map 

 

Land use – Land cover (LULC) 

The land use – land cover pattern of the study area is highly important for this study therefore, it was 

classified into eight categories based on Anderson, Hardey, Roach and Witmer (1976) level one scheme of 

Land use/Land cover classification, namely:- surface water, wetland, forest, grassland, Irrigated land, 

Scattered cultivated area, bare surface and build-up area (Figure 2h) using Maximum Likelihood Classifier 

(MLC) of supervised techniques due to the researcher prior knowledge of the area of study and Normalized 

Difference Vegetation Index (NDVI) due to the fact that variations in the vegetation cover of the study area is 

highly important for this study.  

 

Out of the eight classes bare surface is considered to be the most suitable area, grassland as suitable while the 

other six classes viz: - surface water, wetland, forest, Irrigated land, scattered cultivated area and build-up 

area are considered unsuitable (Figure 2i). This is because impacts of siting WWTPs in a site with high value 

materials would present considerable permitting constraints, resulting in extensive buffer and in some cases 

outright prohibition of development (Final Spokane County, 2003). 
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      Fig 2h: Land use – land cover classes map              Fig 2i: Land use – land cover suitability map 

 

Factor’s Weight Determination 

The seven suitability maps were given rank and weighted using pair wise comparison matrixes of Analytical 

Hierarchical Process (AHP) in Microsoft excel (Table 1) after weight calculation based on normalized eigen 

vector of the matrix, the consistency of the matrix was check based on Saaty formular for calculating 

inconsistency index as: - 

 

CI = 
ƛmax−n

𝑛−1
 --------------------------------------------------------- (equation1) 

Where 

CI = Consistency Index 

λmax = Maximum eigen value (7.16) 

n = number of factors in the decision (7) 

 

While the Consistency Ration (CR) of the pair wise comparism was finally derived using the formular below:-  

CR = 
𝐶𝐼

𝑅𝐼
 -------------------------------------------------------------- (equation 2) 

Where 

CR = Matrix’s consistency ratio;   RI = Random consistency index (1.32) (Table 2) 

 

Finally, the analysis revealed Lambda (λ) to be 7.16, Consistency Index (CI) as 0.027 and Consistency Ration 

(CR) to be 0.02, within the acceptance level of 0.2 which indicated 2% of CR and 98% confidence of the 

consistency and therefore the matrix compute are adequately satisfactorily. This is because Saaty (2013) 

revealed that, if the value of CR is less than or equal to 0.1 (10%) the consistency is Okay but if it is greater 

than 10% the pair wise comparisons should be redone until consistency is reached. 
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Table 1: Pair wise Comparison Matrix  

 AHP Normalized 

Factors Land 

use 

Densely 

Populate

d 

Rivers Roads Slope Airport Rail Weight % 

Land use 1 1 1 2 2 3 3 0.213 21.3% 

Densely 

populated 

1 1 1 2 2 3 3 0.213 21.3% 

Rivers 1 1 1 2 2 3 3 0.213 21.3% 

Roads ½ ½ ½ 1 1 3 3 0.119 11.9% 

Slope ½ ½ ½ 1 1 1 3 0.110 11.0% 

Airport 1/3 1/3 1/3 1/3 1 1 1 0.070 07.0% 

Rail 1/3 1/3 1/3 1/3 1/3 1 1 0.062 06.2% 

Source: Data Analysis, 2016 

 

Table: 2 Random Consistency Index 

N 1 2 3 4 5 6 7 8 9 10 

RI 0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49 

Source; Saaty (1980) 

 

Overly Analysis 

After weight determination for the various factors, the weighted overly tool in the spatial analyst tools of 

Arcgis 10.1 environment was used to overly the various factor suitability maps to determine the suitable sites. 

During the overly analysis, the factor suitability maps densely populated area, major roads, surface rivers, rail 

line, Airport, slope and land use map were assigned restricted in the scale value of 0, 1 in the scale value of 1, 

and 2 in the scale value of 2 as unsuitable, suitable and most suitable respectively. Therefore, unsuitable, 

suitable and most suitable categories of suitability were identified. While the best sites was extracted using 

filter tool of Arcgis 10.1 based on the Final Spokane County (2003) criteria for wastewater treatment plants 

which is sites with size of greater than or equal to 15 acres. The conceptual flow diagram of the study was 

shown in figure 3. 

Figure 3: Conceptual flow of site selection for wastewater treatment in the study area 

Source: Survey, 2016  
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Results and Discussion   

The study revealed, three categories of sites suitability for wastewater treatment plants in Kano Metropolis, 

that is unsuitable sites with the total land mass of 477.3 Km2 (95.6%), suitable sites 14.6 Km2 (2.9%) and most 

suitable sites with 7.2 Km2 (1.5%). The analysis as indicated in Figure 4a shows that, the unsuitable sites 

occupy more land area follow by suitable and finally most suitable with the lowest land mass, therefore since 

unsuitable sites occupy more than 95% of the study area care must be taken by the authority and public who 

intend to build wastewater treatment plants either on-site or off-site so as to protect public, animals and 

plants against the consequences of construction of the plants. Subramani et. al. (2014) also identified three 

categories of site suitability for wastewater treatment plant in Salem Corporation, India that is good with the 

area of 5.53 Km2, moderate with 18.06 Km2 and poor with 0.18 Km2. This finding is also similar to that of 

Manjubashini, Rinsitha and Singh (2014) in Chelgalpattu Taluk of India where four categories of suitable sites 

was identified as unsuitable, less suitable, moderate suitable and most suitable sites for liquid waste treatment 

plant. The finding is also in line with the finding of Benujah and Devi (2013) in Nagercoil Municipality, Tamil 

Nadu where good, moderate and poor suitable sites was identified for sewage treatment plant.  

 

This research also revealed ten best sites for secondary wastewater treatment plants in Kano Metropolis as 

follow:- Site 1 equal to 41 acres by the north of the study area; site 2 equal to 28.5 acres and site 3 equal to 16.9 

acres by the north-east; site 4 equal to 17.8 acres, site 5 equal 77 acres, site 6 equal 61.6 acres, site 8 equal to 

20.3 acres and site 9 equal to 31.2 acres by the western part; site 7 equal to 51.8 acres by the east and finally site 

10 equal to 45.4 acres by the south part of the study area (Figure 4b), therefore, site by the east and by the 

south are the best for industrial wastewater because industrial zones of the study area runs from the eastern 

border to the south and since that of the south is more closer to the build-up areas, the eastern site is more 

appropriate while the other nine sites are best for secondary domestic wastewater treatment plants. 

Identification of best sites for wastewater treatment in this study is in conformity with the result of the study 

conducted by Msangi and Liwa (2014) who identify eight best sites for sewerage pond in Tanzania which are 

further group into high, medium and low class areas with size of greater than or equal to 10 acres. This 

finding is also in line with that of Chelsea (2011) where two best sites for wastewater treatment plant was 

identified in Chelsea Municipal Area (CMA). 

               
      Fig 4a: Three categories of suitable sites                                  Fig 4b: Ten best sites for WWTPs 
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Conclusion  

In conclusion, the study revealed the power of GIS and multi-criteria analysis techniques in this case 

analytical hierarchical process (AHP) as a valuable tool in decision making especially in analysis that deals 

with environment. It shows that a significant consideration should be made when identifying suitable sites for 

wastewater treatment plant for public and environmental protection through analysis of the spatial 

distribution of surface features viz: land use – land cover, surface water, ground slope, build-up areas, 

transportation network and agricultural land. Finally, the study identify ten best sites for wastewater 

treatment plants based on 15 acres size criteria, whereby the best site for industrial wastewater have been in 

the eastern part while the other nine sites could be used for zoning of secondary domestic wastewater 

treatment plants in Kano metropolis. 
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