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Sanitary landfill represents a viable and the most commonly used method for solid waste disposal all 
over the world because it may achieve the reclamation of derelict land. In this study, two dumpsites 
were studied to determine the extent of pollution of groundwater as a result of improper disposal of the 
toxic materials into water courses, and its effect on human health. Twenty three borehole samples were 
selected from each location. Samples were taken to the laboratory to determine the Physical, Chemical 
and Bacteriological analysis of the water samples. Result showed that, there is a significant difference 
at 1% that is (p< 0.01) between the pH and Calcium level of the water samples from the borehole at 
kurata and Ikoro Otun dumpsite respectively. Also, There is no significant difference at 5% (p<0.05) in 
the water samples. Statistical Package for Social Sciences used was version 17 to determine the Mean 
difference of the data obtained from the result. Result was further compared with World Health 
Organization (WHO) for drinking water standard 2012. Therefore, this study reveals the presence of 
toxic materials in the water samples of Sango-Otta which is very detrimental to health. Measures should 
be taken to mitigate the effect of leaching of this waste dump site into the water courses, in order to 
reduce death rate among the populace of Sango-Otta and its environs. 
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INTRODUCTION 
 
Background to the Study 
 
The disposal of wastes generated by human activities 
within a municipality is generally an urban problem. The 
recognition of the connection between human activities 
and pollution and the need to protect human health, 
recreation and fisheries production led to the early 
development of water quality regulations and monitoring 
methods (Hem 1985; Jenkins, 1996; USEPA, 2007). The 
existence of trace metals in aquatic environments has led 
to serious concerns about their influence on plant and 
animal life (Samarghandi et al., 2007; Zvinowanda  et  al., 
2009). During their transport, the trace metals undergo 
numerous changes in their specification due to 
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dissolution, precipitation, adsorption and complexation 
phenomena (Akcay et al., 2003; Abdel-Ghani and 
Elchaghaby, 2007; Abdel-Ghani, 2009; Mohinddin, 2010). 
Thus, socio-economic advancement has led to rapid 
expansion of the industrial sector in developing countries 
like Nigeria. Thereby making waste disposal sites and 
landfills to be neither properly designed nor well 
constructed. 

Lack of proper management of solid wastes is a major 
environmental issue in Nigeria. (Ojolo et al., 2004) 
reported the annual generation of municipal solid waste in 

Nigeria as 29.78 x 109kg. This value may increase due to 
increase in urbanization and population growth. Solid 
wastes are normally disposed off in uncontrolled and 
improperly sited open dumps located in public places 
(Agatha, 2011).  

After some years a dumpsite undergoes biologically, 
chemically, geologically and hydro-geologically mediated  



 
 
 
 
changes resulting in a weathering process consequently, 
it becomes point source for pollution of the aquiferous 
units close to them (Arienzo et al., 2001; Manjunatha et 
al., 2001; Altindag and Yigit, 2005; Awofolu, 2005; 
Adeniyi et al., 2008). The commonly used disposal 
methods of the solid wastes in the study area are open 
dumps and non-engineering sanitary landfill. 

In Nigeria, pollution of the surface and underground 
water by solid wastes and oil is under spread thereby 
rendering them unsuitable for man’s use. Waste handling 
facilities are lacking in many highly populated areas in 
most developing and underdeveloped countries due to 
cost and lack of enforcement of relevant enactment. 

Also, properly designed and operated sanitary landfills 
eliminates some adverse environmental impacts that 
result from other solid waste final disposal alternatives 
such as burning in open-air burning sites and open-pit 
dumping.  

However, other impacts may arise from gas and 
leachate formation if not well controlled. These impacts 
include fires and explosions, vegetation damage, 
unpleasant odors, landfill settlement, groundwater 
pollution, air pollution and global warming (Calvo, 2005).  

In developing countries, landfills have been largely 
unsuccessful because the landfill sites have a very 
limited time frame of usage (Narayana, 2009). Hence, 
Pollution of soil and water by leachate from surrounding 
municipal waste dumps has also been recognized for a 
long time (Banar, 2006; Alloway et al.,, 1990; Tahri et al., 
2005; Lin et  al., 2002; Amadi et al., 2010).  

Studies have shown that soil and groundwater system 
can be polluted due to poorly designed waste disposal 
facilities, leakage from underground storage tanks and 
agricultural wastes. Soil and groundwater acidification 
and nitrification have been linked to waste dumps, as well 
as microbial contamination of soil and groundwater 
systems (Awomeso et al., 2010).  

Municipal landfill leachate is highly concentrated 
complex effluents which contain dissolved organic 
matters; inorganic compounds such as ammonium, 
calcium, magnesium, sodium, potassium, iron, sulphates, 
chlorides and heavy metals such as cadmium, chromium, 
copper, lead, zinc, nickel; and xenobiotic organic 
substances (Lee and Jones-Lee, 1993; Christensen 
2001). 
 
 
MATERIALS AND METHODS 
 

Description of the study area  
 

The study area is located at Sango-Otta between latitude 
6º40

´
 and 6º 44

´
 and longitude 3º 13

´
 and 3 º 15

´ 
(Figure 

1). The sampling site which includes: kurata dumpsite 
and Ikoro Otun dumpsite are located in the midst of some 
settlement at Sango-Otta, under Ado -Odo Otta Local 
Government Area (Figures 2 and 3). 

There is a road map that passes through the sampling  
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sites. By the roadside we have a small river flowing 
Southward from the sampling sites and there is River 
Atunwara Eastward and Northward of the proposed 
sampling site where effluents are discharged without 
undergoing proper pretreatment. 

This site is chosen based on its importance and 
proximity to the municipal and industrial settlement to 
determine the impact of their activities and its effect on 
human health. 
 
 
Sampling procedure 
 
2 litres bottle container was used to collect the 
groundwater samples around the location of the waste 
dump site. pH, Electrical Conductivity, Temperature, 
Total dissolved solids and Dissolved Solids were taken 
in-situ. Samples were refrigerated in ice packs at 4

o
c and 

taken to the laboratory for analysis. Sterile bottles were 
used to collect samples for the microbial analysis.  
 
 
Research design 
 
Systematic sampling method was used to investigate the 
damage caused as a result of the municipal activities in 
and around Sango-Otta. 
 
K= N 
      n 
 
Where n is the sample size, N is the population size and 
k is the systematic sampling.  
 
 

Target population 
 
The target population for this study includes, some of the 
inhabitants living in and around the location of the waste 
dump sites, which is about 1-300m.  
 
 

Duration of sample collection 
 
Water samples were collected during the wet season, 
onset of rainfall and dry season from the sampling points 
which is situated at Kurata and Ikoro Otun under Ado-
Odo Otta Local Government Area, Sango Otta in Ogun 
State. Samples were collected for the period of 8months 
in order to determine the spatial and temporal variation of 
pollution of the study area. 
 
 

Variables of the study 
 
The variables studied are the Physical, Chemical and 
Bacteriological parameters. They include: pH, Electrical 
Conductivity, Temperature, Total dissolved solids, 
Calcium, Magnesium, Sodium, Potassium, Zinc,  



          222         Res. J. Agric. Environ. Manage 
 
 
 

 
 
Figure 1. Map showing the study areas of the two dump sites in Sango-Otta, Ogun State, Nigeria. 

 
 
 
Alkalinity, Chloride, Nitrate, Dissolved Oxygen (DO) and  
Biological Oxygen Demand (BOD). As well as heavy 
metals such as Iron, Lead, Cadmium, Zinc and Copper. 
Microbial analysis was also carried out to determine the 
Total Coliform Count and Total Bacteriological Count in 
the groundwater samples. 
 
 
Data analysis 
 
i. Geographical Positioning System (GPS) was used to  

determine the distance between the boreholes which 
shows the values of the coordinates that is, longitude, 
latitude and altitude of each location. 
ii. Samples were analyzed in the laboratory for the major 
physical and chemical properties according to the 
American Public Health Association (APHA, 1989) 
Standard. 
iii. Piper’s diagram was used to characterize the major 
anions and cations in the groundwater samples. 
iv. Serial dilution was used to estimate the viable bacteria 
count  in  order  to  identify  the  indicator  organism  that 



                                                                                         Adekitan et al           223 
 
 
 

 
 
Figure 2. The location of the Waste Dump Site at Kurata in Sango Otta Ogun State, Nigeria.  

 
 
 
causes deleterious health effect to human health.  
 
 
RESULTS AND DISCUSSION  
 
From Table 1, results were obtained for the Physical,  

Chemical and Bacteriological Analysis for two seasons 
(dry and wet season) and the result is presented as 
follows;  
 
There is a positive correlation and significant association 
between   Electrical   Conductivity   and  Total  Dissolved 
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Figure 3. A tricycle unloading the waste at the Waste Dump Site at Ikoro-Otun in Sango –Otta, Ogun State, Nigeria. 

 
 
 
Solids and at 1% (p< 0.01) confidence level. 
Dissolved Solids has a negative correlation and 
significant association between Total Dissolved Solids 
and Electrical Conductivity. Also, Biological Oxygen 
Demand has a negative correlation and significant 

association between Total Dissolved Solids and Electrical 
Conductivity and a negative correlation with dissolved 
Oxygen. Total Hardness has a positive correlation with 
Total Dissolved Solids and Electrical Conductivity. 

 Nitrate   has   a   positive   correlation  and  significant 
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Table 1. Showing the correlation table for Kurata dumpsite. (Dry Season)  
 

 

 pH Temp TDS EC DO BOD T. hard. Ca
2+ 

Mg
2+

 NO3
- 

Cl
- 

Alkalinity SO4
2- 

TBC TCC Na
+ 

K
+ 

pH  1                 
Temp  .247 1                
TDS  -.005 -.039 1               
EC  -.008 -.033 .999

**
 1              

DO  .272 .091 -.654
**
 -.646

**
 1             

BOD  -.188 .057 .540
**
 .540

**
 -.519

**
 1            

T. hard.  -.033 .117 .505
**
 .506

**
 -.250 .409

*
 1           

Ca
2+

  .148 -.119 .311 .304 -.049 .051 .345 1          
Mg

2+ 
 .172 -.198 -.017 -.024 .115 -.217 -.307 .788

**
 1         

NO3
- 

 .164 .090 .776
**
 .776

**
 -.365

*
 .354 .202 .321 .193 1        

Cl
- 

 -.252 -.072 .918
**
 .919

**
 -.688

**
 .606

**
 .567

**
 .218 -.152 .578

**
 1       

Alkalinity  -.054 .121 -.185 -.177 .251 -.036 -.231 -.373
*
 -.226 -.198 -.187 1      

SO4
2- 

 .021 -.245 .156 .160 -.163 -.062 -.042 -.265 -.242 .190 .137 -.045 1     
TBC  .326 .050 .049 .060 .119 -.080 .051 .296 .267 .137 -.057 .071 -.112 1    
TCC  .410

*
 .176 .068 .078 .044 -.020 -.099 .040 .105 .218 -.025 .089 -.081 .860

**
 1   

Na
+ 

 .158 -.024 .828
**
 .823

**
 -.454

*
 .422

*
 .202 .244 .115 .776

**
 .674

**
 -.218 .332 -.060 -.008 1  

K
+ 

 -.257 -.151 .825
**
 .826

**
 -.604

**
 .646

**
 .583

**
 .222 -.158 .380

*
 .922

**
 -.164 .041 -.156 -.178 .588

**
 1 

 
 

*. Correlation is significant at the 0.05 level (2-tailed). 
**. Correlation is significant at the 0.01 level (2-tailed). 

      
 
association between Total Dissolved Solids and 
Electrical Conductivity. Also, Chloride has a 
positive correlation and significant association 
between Total Dissolved Solids and Electrical 
Conductivity, Biological Oxygen Demand and 
Total Hardness. Sodium has a positive correlation 
and significant association with Total Dissolved 
Solids and Electrical Conductivity, Biological 
Oxygen Demand, Total Hardness, Chloride and 
Sodium. But has a negative correlation and 
significant association between Dissolved Oxygen 
at 1% (p< 0.01) confidence level. 

From Table 2: the results obtained for the wet 
season are presented as follows; there is a 
positive correlation and significant association 
between Total Dissolved Solids and pH. Electrical 
Conductivity also has a positive correlation with 
pH and Total Dissolved Solids. Total Hardness 
also has a positive correlation with Total 

Dissolved Solids and Electrical conductivity. 
Calcium also has a positive correlation and 
significant association with Total Hardness. 
Chloride has a positive correlation and significant 
association with total Dissolved solids and 
Electrical conductivity. Thus, Alkalinity also, has a 
strong positive correlation with Total Hardness, 
Calcium and Sodium at 1% (p< 0.01) confidence 
level. 

For the Microbial analysis, Total Coliform Count 
has a positive correlation and significant 
association with the Total Bacteriological count at 
1% (p< 0.01) confidence level. 
 
 
Result obtained using Piper’s Diagram 
 
Figure 1 shows the triplot of Magnesium which is 
predominant during the wet season and the dry 

season. Sulphates is also predominant during the 
wet season and have a very low value during the 
dry season, with Carbonate and Bicarbonate 
having a negligible value. 

Calcium and Magnesium is also predominant 
only in the dry season while Sulphate, Chloride 
and Nitrate has no value at all. 

Therefore, it can be stated that; the high amount 
of Magnesium and Calcium in water can result to 
Hardness in water, which can make the water not 
potable for some domestic and industrial uses. 
From Table 4, the mean difference between the 
wet and the dry season were given as follows; pH 
(7.02, 5.63), Temperature (26.3ºC, 30.2ºC), Total 
Dissolved Solids (110.7, 58.2ppm), Electrical 
Conductivity (166.1, 117µs/cm), Dissolved 
Oxygen (3.4,6.1mg/L), Biological Oxygen Demand 
(42.4,0.91mg/L), Total Hardness (38.9, 
63.91mg/L),       Calcium     (12.62,     77.21mg/L), 
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Table 2. Showing the correlation table for wet season at Ikoro-Otun Dumpsites. 

 

 pH Temp TDS EC DO BOD T. hard. Ca2+ Mg2+ NO3
- Cl- Alkalinity SO4

2- TBC TCC Na+ K+ 

pH  1                 
Temp  .015 1                

TDS  .650** .120 1               
EC  .644** .117 1.000** 1              
DO  -.029 .148 .200 .200 1             
BOD  -.294 .167 -.161 -.163 .288 1            

T. hard.  .261 -.046 .594** .597** -.262 -.129 1           
Ca2+  .138 -.091 .416* .419* -.336 -.130 .893** 1          
Mg2+  .321 .054 .445* .444* .131 -.006 .316 -.141 1         
NO3

-  .194 -.055 .211 .208 .443* -.160 -.287 -.350 .078 1        

Cl-  .495* .167 .586** .584** .147 -.212 -.023 -.008 -.038 .430* 1       
Alkalinity  -.194 -.092 .000 .004 -.161 -.007 .607** .723** -.198 -.309 -.318 1      
SO4

2-  -.107 .178 .008 .007 -.079 .291 .199 .187 .026 -.121 -.050 .206 1     
TBC  -.167 .005 .230 .232 .087 -.061 .190 .288 -.167 -.078 .089 .303 .068 1    
TCC  .085 -.199 .346 .348 .130 -.104 .139 .185 -.080 -.083 .202 .085 -.146 .696** 1   

Na+  .322 -.139 .503* .505* -.457* -.381 .766** .880** -.176 -.161 .241 .485* .199 .307 .284 1  
K+  .207 -.133 .241 .243 -.334 -.157 .559** .605** -.048 -.367 -.110 .485* -.037 .293 .427* .635** 1 

 

**. Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

 
 

Table 3. Showing the correlation table for Dry season at Ikoro-Otun Dumpsites. 
 

 pH Temp TDS EC DO BOD T. hard. Ca2+ Mg2+ NO3
- Cl- Alkalinity SO4

2- TBC TCC Na+ K+ 

pH  1                 

Temp  .350 1                

TDS  .123 .016 1               

EC  .124 .017 1.000** 1              

DO  -.133 -.002 -.809** -.807** 1             

BOD  .092 .029 .646** .647** -.752** 1            

T. hard.  -.029 .062 .738** .743** -.501* .419* 1           

Ca2+  .089 .038 .775** .778** -.496* .287 .895** 1          

Mg2+  .311 .036 .313 .314 -.100 -.245 .461* .724** 1         

NO3
-  .308 .187 .898** .899** -.744** .567** .626** .652** .314 1        

Cl-  -.034 -.094 .590** .585** -.581** .579** .013 .083 -.265 .498* 1       

Alkalinity  .078 -.108 -.014 -.011 .084 .034 .028 -.118 -.204 -.017 -.207 1      

SO4
2-  .042 -.242 .202 .202 -.433* .266 -.007 -.030 -.179 .283 .290 .035 1     

TBC  .205 .196 .074 .076 .190 -.236 -.112 .130 .342 .165 .019 .178 -.116 1    

TCC  .485* .380 .081 .083 .127 -.092 -.092 .044 .312 .322 .008 .159 -.165 .825** 1   

Na+  .206 .002 .948** .948** -.885** .735** .631** .646** .194 .921** .637** -.020 .364 -.016 .052 1  

K+  .038 -.052 .894** .897** -.703** .629** .920** .879** .384 .726** .288 .055 .107 -.073 -.083 .820** 1 
 

*. Correlation is significant at the 0.05 level (2-tailed). 
**. Correlation is significant at the 0.01 level (2-tailed). 
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Table 4. Table showing the Descriptive   Statistics of the  2 seasons. 

 

Season pH Temp TDS EC DO BOD T. hard. Ca2+ Mg2+ NO3
- Cl- Alkalinity SO4

2- TBC TCC Na+ K+ 

Wet 
Season 

Minimum 6.97 25.0 62 93 3.31 42.30 20 3.1900 .1400 .0700 3.5500 4 2 .0 .0 1.0100 .5300 

Maximum 7.11 27.0 170 255 3.50 43.01 80 27.1900 5.7200 .1600 21.2800 48 8 .4 .1 5.9200 2.0600 

Mean 7.0222 26.261 110.74 166.13 3.4165 42.4065 38.96 12.624348 2.092609 .118696 13.111304 20.17 3.65 .074 .013 2.753043 .996957 

Median 7.0200 26.000 98.00 147.00 3.4400 42.3500 40.00 11.200000 1.140000 .110000 12.420000 20.00 3.00 .000 .000 2.190000 .910000 

Std. 
Deviation 

.03643 .5868 33.502 50.261 .06125 .17693 14.383 5.5001288 1.8788033 .0254602 4.4334178 11.645 1.774 .1096 .0344 1.3883196 .3586139 

Dry 
Season 

Minimum 5.02 27.5 11 22 3.41 .00 10 20.0000 2.0000 .0530 .0000 10 0 .0 .0 1.0000 1.0000 

Maximum 6.57 34.7 254 515 7.36 3.35 408 306.0000 102.0000 .5340 254.0000 90 0 .7 .6 20.0000 21.0000 

Mean 5.6317 30.213 58.22 117.22 6.1096 .9035 63.91 77.217391 30.434783 .186565 64.869565 29.22 .08 .274 .082 5.695652 2.913043 

Median 5.6200 29.800 22.00 44.00 6.3800 .6900 42.00 66.000000 22.000000 .129000 38.000000 28.00 .08 .300 .050 3.000000 1.000000 

Std. 
Deviation 

.41974 1.9569 66.453 133.813 .95871 .85118 79.705 56.2970664 26.7986195 .1367293 69.6356129 16.042 .014 .1421 .1332 5.7003571 4.6408565 

 

 
Figure  4. Showing the triplot of the wet and dry 
season for the 2 study areas. 

 
Magnesium (2.09, 30.41mg/L), Nitrate (0.11, 
0.811mg/L), Chloride (13.1, 64.81mg/L), Alkalinity 
(20.1, 29.21mg/L), Sulphate (3.65, 0.08mg/L), 
Sodium (2.75, 5.691mg/L), Potassium (0.99, 
2.911mg/L). 

From the Microbial Analysis, the mean 
difference between the wet and dry season for the 
Total Bacteriological Count and Total Coliform 
Count is given as follows; Total Bacteriological 
Count (0.07, 0.27cfu/ml), Total Coliform Count 
(0.01, 0.08cfu/ml). 
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