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Abstract: The study was carried out to assess groundwater contamination by leachate near some selected 
municipal solid waste landfill areas of Maiduguri. Purposive sampling technique was adopted to identify 
two open Municipal solid waste (MSW) dumpsites A & B which ranged from 18-23 years in age at 
Kumshe and Bakasi in Maiduguri respectively at a distance of 7.16km apart. Four hand-dug boreholes 
with depth ranging from 24 – 32m with a distance of 55.2m and 657.8m between the centre of dumpsite A 
and the two boreholes respectively. While, for dumpsite B the distance was 25.7m and 317.3m 
respectively. samples. The groundwater analysis revealed that the temperature variations in groundwater 
were function of climatic conditions. The concentration of heavy metals like Zn, Cu, Pb, Cd, Cr and Mn 
decreases with rise in water table of an aquifer (dry to wet season) while, Fe and As increases from dry to 
wet season and this was in line with high concentration of Fe and As in the soil samples. The computed 
water quality index for the water samples ranged from 10.61-72.4, it was observed that the sampling 
wells were within the categories of excellent water quality, good water quality and poor water quality. 
Seasonal variation has advance effect on soil as the concentrations increases with increase in leachate in 
wet season, which in turn pollute the groundwater source. The uncontrolled accumulation of leachate 
over time at the dumpsites base will impose a significant threat to the groundwater quality. 
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Introduction 

Groundwater is one of the most vital natural resources which contributes to the global freshwater 
supply. In Nigeria, groundwater provides much of the public and domestic water supply, 
supports agricultural and industrial economies, and contributes its flow to rivers, lakes and 
wetlands; and this helps in maintaining balance in the ecosystem (Aizebeokhai, 2011). 
Groundwater is the prime source of potable water in most parts of Nigeria, particularly in rural 
areas, which rely on domestic (private) hand-dug wells (Aizebeokhai, 2011). According to 
Kumar (2013) despite its reliability, this valuable and vital resource is under increasing threats 
attributed to above ground anthropogenic activities related to uncontrolled urbanization, 
incessant waste disposal and poor land use management. In addition, the usefulness of 
groundwater to humans essentially depends on its chemical status, thus, assessment of 
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groundwater quality is important for the socioeconomic development of most developing and 
developed countries of the world (Kumar, 2013).  

Groundwater quality is a significant aspect in the context of sustainable water management, the 
integrity of underlying aquifers is largely affected by pollution from above ground sources, 
particularly solid waste disposal (Kumar, 2013). Uncontrolled urban growth and its resultant 
effect, especially in developing nations like Nigeria, can adversely affect the quality of 
underlying groundwater if not properly controlled (Putra and Baier, 2008). With a rapid 
population growth of about 2.5% per annum, the demand for water supply has progressively 
increased over the last three decades. The provision of safe drinking water has actually 
deteriorated - access in urban areas fell from 55 million people to 27 million people in 2002 in 
African cities (Jacobsen et al., 2012). This is largely due to poor management, inadequate 
technical capabilities, lack of investment and insufficient manpower and their training (Hanidu, 
1990). Furthermore, the institutions responsible for water supply in Nigeria are both ineffective 
and fragmented; thus, a transition is needed to bring about a thorough and holistic change to the 
current system (Jefferies and Duffy, 2011).  

Leachate Response to Landfill Moisture 

Landfill leachate can be considered as a solvable organic and mineral compound produced once 
water penetrates the waste layers, extracts a sequence of pollutants and generates a complex 
interaction between the biogeochemical and hydrological responses (Renou et al., 2008a). These 
interactions performance as mass transfer mechanisms for creating moisture content adequately 
high to initiate a liquid movement (Aziz et al., 2004a), encouraged by gravitational force, 
rainfall, surface overflow, recirculation, liquid waste co-disposal, subsurface water interference, 
waste decomposition and initial moisture content present inside the landfills (Achankeng, 2004; 
Foo and Hameed, 2009). Leachate flow rate depends on precipitation, surface run-off, and 
interference of subsurface water into the landfill (Renou et al., 2008a). 

 
2.0 Materials and Method 
The following materials were used for this study as presented in Table 1.  
Table 1: Models and Manufacturers of the Materials 
Material    Model     Manufacturer  
Soil auger   A15-30  local    
Sorting platform/bins   -   - 
Sampling bottles  P120    -  
Weighing balance  ISO900  Panomex Inc. New Delhi, India 
pH/mV/temperature  T352   Turbo WF6, United Kingdom  
Hanna EC Meter   H198311  Hanna Woonsocket, Rome, Italy  
Hach turbidity meter  2100N   Hach Company, Colorado, USA 
Hach colorimeter   DR/890  Hach Company, Colorado, USA 
TDS meter   TDS-3   Turbo WF6, United Kingdom 
Spectrophotometer   MP-AES 4200  Spectro Kleve, Germany 

 
2.1 The Study Area  
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Maiduguri is located between latitude 110 5” – 110 55” N and longitude 130 02” -130 16” E. It lies 
on a vast sedimentary basin, with gentle undulating gradient of altitude 345m above mean sea 
level as shown in Figure 3. The vegetation of the study area is of Sahel Savannah, surface water 
is very limited within the location and its environment. Hence, the people they depend on 
groundwater for meeting water needs of the metropolis. The area dominantly derives its 
groundwater resources from the Chad Formation, which is the youngest stratigraphic unit of the 
Chad Basin and the most prolific in terms of groundwater resources (Hess et al., (1996). 
Maiduguri is estimated to have a population of about 1,197,497 in 2009 (NPC, 2006). More than 
80% of this population depends on groundwater resources, with per capita water consumption of 
10-40 litres of water per day.  
 

 
Figure 1: Map of Nigeria showing the study area (Maiduguri) 
Source: (Bakari, 2014) 

2.2 Sample Collection  
Purposive sampling technique was adopted to identify two open Municipal solid waste (MSW) 
dumpsites A & B which ranged from 18-23 years in age at Kumshe and Bakasi in Maiduguri 
respectively at a distance of 7.16km apart. Four hand-dug boreholes with depth ranging from 24 
– 32m with a distance of 55.2m and 657.8m between the centre of dumpsite A and the two 
boreholes respectively. While, for dumpsite B the distance was 25.7m and 317.3m respectively 
as shown in Figure 2. The sampling coordinates for the dumpsites and wells were presented in 
Table 2 and 3.  Composite sampling method was adopted for both the water and soil samples. 
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         Table 2: Sampling coordinates of the hand-dug wells and dumpsite A 
Sampling point  Latitude (o)   Longitude (o) 

         GWA     11.857836   13.147581 
         GWAC    11.864072   13.148281 
         SAO    11.858228   13.147317 
         SAN1    11.858269   13.147347 
         SAN2     11.858289   13.147319 
         SAE1    11.858242   13.147422 
         SAE2    11.858278   13.147458 
         SAEc    11.857994   13.147511 
         SAS1    11.858214   13.147381 
         SAS2    11.858181   13.147411 
         SASc    11.858419   13.147261 
         SAW1    11.858222   13.147361 
         SAW2    11.858194   13.147317 
         SAWc     11.858022   13.146950 

         Table 3: Sampling coordinates of the hand-dug wells and dumpsite B 
         Sampling point                     Latitude (o)                       Longitude (o) 
         GWB    11.799939   13.119197 
         GWBC    11.798961   13.116678 
         SBO    11.799906   13.119431 
         SBN1    11.799919   13.119436 
         SBN2    11.799947   13.119436 
         SBNc    11.800094   13.119464 
         SBE1    11.799928   13.119450 
         SBE2    11.799939   13.119472 
         SBEc    11.799964   13.119672 
         SBS1    11.799903   13.119428 
         SBS2    11.799847    13.119625 
         SBSc    11.799550    13.119689 
         SBW1    11.799902   13.116667 
         SBW2     11.799908   13.119389 
         SBWc     11.799833   13.122419 
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Figure 2: GIS Map of Maiduguri showing the location of the sampling points 

Solid waste sampling 
Characterization of the solid waste from the disposal sites was carried out according to the 
ASTM (2004) as presented in Table 4. The sampling was conducted in the month of January and 
August 2017 for the dry and wet season respectively. The procedure involved random collection 
of 10kg of solid waste at each dumpsite (three times in a week) for a month. The collected solid 
waste samples were air dried and weighted before sorting into different categories of plastics, 
polythene, waste battery, paper, textile, glass, metal and earth/ garbage. The categorized wastes 
were then weighed using a digital weighting scale and their percentage weight was calculated.  
 
Table 4: Characterization of the dumpsites 
     Dumpsite A    Dumpsite B  
Elevation (m)    312     323  
Area (m2)    17.25     14.46  
Depth (m)    1.27     1.45 
MC of solid waste (%)  17     14 
Topography    Flat     Slopy 
Drainage    No     No 
Human activities   Industrial/Commercial  Farming 

3.0 Results and Discussion  
The Biochemical Oxygen Demand (BOD) concentration for dumpsite A and B ranged between 
160-208 mg/Kg and 320-128 mg/Kg with mean and standard deviation of 1180±673 and 
676±347 for dry season, while for the wet season it ranged from 2.5-128 mg/Kg and 38-144 
mg/Kg with mean and standard deviation of 76±38.01 and 90±46.18 for dumpsite A and B 
respectively. The concentration of BOD decreases from dry to wet season and has no define 
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pattern in the soil profile, due to increase in the volume of leachate from rainwater, this study 
agreed with Gajski et al. (2012) that rainwater reduces the level of BOD by increasing the DO 
needed by biodegradable materials.   

The concentration of Zn and Fe for dry season at the upper and lower profile ranged from 5.5-
2777 mg/Kg and 10-1412 mg/Kg; 1280-7556 mg/Kg and 1031-8890 mg/Kg for the dumpsite A 
and B respectively.  The concentration of Zn for both dumpsites were within NES limit of 300 
mg/Kg except for SAS, SBS and SBE, and there was no defined pattern in the soil profile. All 
the concentrations of Fe for both dumpsites were below minimum limit of 7000 mg/Kg for NES 
limit except SAW, SBNc AND SBWc, which were within acceptable limit. The concentration of 
Zn and Fe in the wet season increased due to leachate percolation, which ranged from 2.5-3159 
mg/Kg and 873-15918 mg/Kg, and 11.5-2145 mg/Kg and 3673-18378 mg/Kg for dumpsites A 
and B respectively.  The concentration of Zn increased in the wet season and all the values were 
above NES limit except SAO, SAWc, SBNc, SBWc, SBSc and SBEc for the two dumpsites, 
while Fe concentrations were within NES limit of 7000-550000mg/Kg except SAO, SBW and 
SBWc, which were below minimum limit of NES.  

The concentrations of Cu and Pb for dry season at the upper and lower profile was found 
between 2.5 to 51.25 mg/Kg and 11.5 to 392 mg/Kg with highest mean values of 13.13 mg/Kg 
and 68 mg/Kg, and 0.75 to 160 mg/Kg and 3 to 33.25 mg/Kg with highest mean values of 23.81 
mg/Kg and 16.47 mg/Kg for dumpsites A and B respectively. The concentration of Cu within the 
soil profile has no defined pattern and the values were within NES limit of 2-100 mg/Kg except 
for SBN and SBS which were below and above NES limit respectively. All the concentrations of 
Pb in the soil samples were within NES limit of 2-200 mg/Kg except SAE, which was above 
NES limit.  

The concentration of Cu and Pb ranged from 6.5-93 mg/Kg and 0.54-25 mg/Kg with highest 
mean values of 26 mg/Kg and 12.34 mg/Kg, and 0.25-156 mg/Kg and 6.5-482 mg/Kg with 
highest mean values of 55.7 mg/Kg and 81.4 mg/Kg for dumpsites A and B respectively. The 
concentration of Cu increases from dry to wet season due to leachate formation from solid waste 
and increases down the soil profile for dumpsite A, while decreases down the soil profile for 
dumpsite B. All values were within NES limit except SBO and SBN, which were above NES 
limit. The concentration of Pb decreased from dry to wet season for dumpsite A, while increases 
for dumpsite B and decreases down the soil profile. All values were within NES limit except 
SAWc, SASc and SAEc, which were below minimum limit of 2 mg/Kg and SBS which were 
above NES maximum limit. As stated by Ogundiran and Afolabi (2008) that the volume of 
leachate generated is therefore expected to be high in humid regions with high rainfall, or high 
runoff and shallow water table. 

The concentration of AS and Cd for dry season at the upper and lower profile ranged from 95.25-
152 mg/Kg and 0.25-0.75 mg/Kg with highest mean values of 124 mg/Kg and 0.31 mg/Kg; 77.5-
163 mg/Kg and 0-1mg/Kg with highest mean values of 134 mg/Kg and 0.36 mg/Kg for the 
dumpsite A and B respectively.  The concentration of As for both dumpsites were above NES 
limit of 1-50 mg/Kg and increases down the soil profile for dumpsite A. Cd was not detected at 
SAWc, SASc, SAEc, SBW, and SBWc, and the values were within NES limit of 0.01-0.75 
mg/Kg except SAS, SBO, SBS and SBE, which were above NES limit. 
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The concentration of As in dumpsite A decreased from dry to wet season, which ranged from 
0.25-167 mg/Kg and 22-149 mg/Kg with highest mean values of 99 mg/Kg and 95.2 mg/Kg, the 
values were above NES limit and increases down the soil profile. This indicates high sources of 
As in the solid waste. The concentration of Cd was higher in the wet season and all the values 
were above NES limit except SAN and increases down the soil profile. The concentrations of Cr 
and Mn for dry and wet season at the upper and lower profile were within NES limit of 1-1000 
mg/Kg and 20-3000 mg/Kg for both seasons respectively and increases down the soil profile in 
dry season for dumpsite A. 
 
Table 5: Physico-chemical characteristics of the water samples for dry and wet  
                    season in mg/l  
Parameter GWA GWAc GWB GWBc GWA GWAc GWB GWBc 

 

Dry Season   Wet      season 
Temp 24.4 24.67 25.15 24.2 29 30 29 29 
Turbidity 0.28 3.63 2.43 4.29 0.94 4.73 0.93 18.2 
EC 1105 416 150 146 1329 390 131 140 
pH 7.4 7.35 7.47 7.41 9.1 9.8 12.3 8.8 
TDS 821 219 69 75 906 220 91 70 
DO  70 40 50 60 25 28 28 25 
COD 2000 1850 1800 1800 160 150 160 200 
BOD 30 20 20 20 16 5 4 10 
NO3 28.5 1.28 2.17 1.18 53.62 2.8 4.48 4.48 
Zn 0.082 0.111 0.118 0.110 0.01 0.122 0.021 0.097 
Fe 0.12 0.217 0.186 0.108 0.812 0.734 0.684 0.649 
Cu 0.119 0.226 0.166 0.095 0.132 0.011 0.135 0.143 
Pb 0.155 0.300 0.142 0.068 0.055 0.013 0.003 0.021 
As 0.123 0.280 0.116 0.071 0.029 0.514 0.46 0.419 
Cd 0.116 0.240 0.226 0.126 0.001 0.002 0.005 0.006 
Cr 0.029 0.184 0.001 0.007 ND ND 0.001 0.001 
Mn 0.146 0.357 0.118 0.063 ND 0.004 0.014 0.001 

  Temp.(oC), Turbidity (NTU) and EC (μs/cm) 
 

Conclusion 
The study revealed that the two dumpsites were still in their active stage, with high percentage 
composition of non-biodegradable solid wastes like glass, metal, polythene and plastic. The 
seasonal variation of solid waste composition in wet and dry seasons was due to the demanding 
period of the material. The study also revealed that the particles size analysis for the two 
dumpsites were sandy loam with high mean percentage of sand. Generally, the seasonal 
variations in concentration of the soil parameters increase from dry to wet season due to increase 
in leachate from the solid waste dumpsites and there was no defined pattern of concentration 
movement within the soil profile. The soil samples collected far away from the solid waste 
dumpsites (control) have lower concentration compared to those within the vicinity of the 
dumpsites and all the concentration of the soil parameters were within NES permissible limit. At 
95% confidence level there was a significant difference between the Bio physico-chemical 
characteristics of the soil samples at the two dump sites.  The effect of seasons on the Bio 
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physico-chemical characteristics of the soil samples was significant at 95% confidence level, due 
to increase in leachate from the solid wastes. 

The groundwater analysis revealed that the temperature variations in groundwater were function 
of climatic conditions. The concentration of heavy metals like Zn, Cu, Pb, Cd, Cr and Mn 
decreases with rise in water table of an aquifer (dry to wet season) while, Fe and As increases 
from dry to wet season and this was in line with high concentration of Fe and As in the soil 
samples. The computed water quality index for the water samples ranged from 10.61-72.4, it was 
observed that the sampling wells were within the categories of excellent water quality, good 
water quality and poor water quality. Seasonal variation has advance effect on soil as the 
concentrations increases with increase in leachate in wet season, which in turn pollute the 
groundwater source. The uncontrolled accumulation of leachate over time at the dumpsites base 
will impose a significant threat to the groundwater quality. 
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