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Modelling Leachate Pollution Index and Potential 1 

for Selected Municipal Solid Waste Dump Sites in 2 

Warri Metropolis, Nigeria  3 

ABSTRACT 4 

Unengineered and uncontrolled dump sites is a threat to human and the environment. 5 

Leachate infiltration from Municipal Solid Waste (MSW) posed great threats to surface and 6 

groundwater systems. Leachate samples were collected from Niger-Cat (NC), Don-Parkar 7 

(DP) and Orhuwhorun (ORH) dump sites for September, November and January by Random 8 

Sampling (RS) technique and concentration of selected leachate parameters were determined. 9 

Principal Component Regression (PCR) analysis was employed to model Leachate Pollution 10 

Index (LPI) and pollution potentials of leachate of NC, DP and ORH dump sites to ascertain 11 

the threats posed to surface and groundwater systems of the immediate environment of the 12 

dump sites. The modelled LPI values at NC were 16.492, 16.162 and 14.599, at DP modelled 13 

LPI values were 15.714, 15.119 and 18.883 while at ORH modelled LPI values were 12.379, 14 

11.940 and 12.072 for September, November and January respectively. The LPI values were 15 

compared with the LPI standard value (7.378) for the disposal of leachate. It was revealed 16 

that the LPI values were above the maximum permissible limit, which indicated that the 17 

leachate generated from these dump sites are of high pollution potentials. It therefore implied 18 

that NC, DP and ORH are sources of contamination and the local surface and groundwater 19 

systems are at risk. Thus, with passage of time, there is a possibility of groundwater 20 

contamination even to a greater margin if no measure is put in place to check these threats. 21 

 22 

Keyword: Leachate Pollution Index, Principal Component Regression, Model, Pollution 23 

Potential, Dump Site, Groundwater  24 

 25 

1. INTRODUCTION  26 

Inappropriate management of municipal solid waste continues to be a major problem 27 

facing the world [1]. Municipal solid waste (MSW) consists of wastes generated from 28 

households and commercial places as it relates to daily human activities. Unscientific 29 

dumping and the burning of municipal solid wastes result in serious environmental issues 30 

such as; land pollution, surface water pollution, groundwater pollution, and air pollution 31 

[2,3,4,5]. Landfilling is the most commonly used method for the management of municipal 32 

solid waste [6,7].  33 

Low and middle income nations are still heavily dependent on landfill as a means of 34 

waste disposal, because it remains one of the simplest, cheapest and the most commonly used 35 

method for disposal of municipal solid wastes [8]. This method of municipal waste disposal 36 

in many countries is characterized with severe negative impacts on the environment [9]. 37 
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Typically, little attention has been given to proper siting and engineering of landfill to avert 38 

the hazards of the generation of methane and toxic leachates as wastes decompose [10].  39 

In most developing nations like Nigeria, a greater amount of municipal solid wastes 40 

generated ends up in the open dumps [11]. Warri is characterized by shallow groundwater 41 

[12], which makes it vulnerable to contamination from leachate of high pollution potential 42 

from non-sanitary landfills (dump sites). Surrounding soil, nearby surface water and 43 

groundwater contamination from municipal solid waste landfill leachate had been widely 44 

reported in literature [13-21]. The objective of this study is to develop models for predicting 45 

and monitoring leachate pollution index and potentials of Niger-Cat, Don-Parkar and 46 

Orhuwhorun dump sites and threat posed to local groundwater system.  47 

 48 

2. METHODOLOGY 49 

2.1 STUDY AREA 50 

Warri is located within the Niger Delta in the southern part of Nigeria. It lies within Latitude 51 

5
0
32’N to 5

0
40’N and Longitude 5

0
 42’E to 5

0
 50’E, covering an area of about 499.81km

2
. 52 

The population is estimated at 663,000 [22]. The climate of Warri is equatorial which is 53 

marked by two distinct seasons. The dry season that stretches from November to April, and 54 

wet season that spans May to October with maximum mean temperature reaching up to 37
0
C 55 

and minimum mean temperature at about 23
0
C with relative humidity of 50 - 70 percent. The 56 

mean annual rainfall is 2673.8mm [23]. The natural vegetation is of rainforest with swamp 57 

forest in some areas. The study area is with respect to three dump site locations. (1) The 58 

Niger-Cat waste dump site, which lies within 5
0
34’31.72”N and 5

0
44’53.41”E along the NPA 59 

Expressway, Ekpan, Uvwie LGA of Warri metropolis, (2) the Don-Parkar dump site, which 60 

lies within latitude 5
0
40’50.24”N and longitude 5

0
45’17.61”E along Warri-Sapele 61 

Expressway, Okuovo, Okpe LGA and (3) the Orhuwhorun dump site located within latitude 62 

5
0
30’59.40”N and longitude 5

0
50’52.38”E along Warri-Ajaokuta Rail line, Orhuwhorun, 63 

Ughelli South LGA [24]. 64 

 65 
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Figure 1: Map of Warri metropolis where the study was carried out67 

 68 

 

(a) Niger-Cat 

Figure 2: Sectional view of the three dump sites69 

2.2 DATA COLLECTION 70 

 71 

Random sampling technique was employed. Three leachate samples were randomly collected 72 

from three different locations of the dump sites. Leachates were scooped from the base of the 73 

heap of waste where leachate had drained out by gravity. Samples were collected in 174 

polyethylene bottles which were properly cleaned with detergent and rinsed with clean water 75 

and allowed to dry prior to sampling. Sampling was conducted for the month of September 76 

and November, 2015 and January, 2016. Sampling points were geo77 

device “Garmin GPSmap76CSx”. 78 

Map of Warri metropolis where the study was carried out 

 

(b) Don-Parkar (c) Orhuwhorun 

ctional view of the three dump sites 

DATA COLLECTION  

Random sampling technique was employed. Three leachate samples were randomly collected 

from three different locations of the dump sites. Leachates were scooped from the base of the 

ere leachate had drained out by gravity. Samples were collected in 1

polyethylene bottles which were properly cleaned with detergent and rinsed with clean water 

and allowed to dry prior to sampling. Sampling was conducted for the month of September 

nd November, 2015 and January, 2016. Sampling points were geo-referenced using GPS 

device “Garmin GPSmap76CSx”. Unstable parameters (such as pH and Total Dissolved 

3 

 

 

Orhuwhorun  

Random sampling technique was employed. Three leachate samples were randomly collected 

from three different locations of the dump sites. Leachates were scooped from the base of the 

ere leachate had drained out by gravity. Samples were collected in 1-litre 

polyethylene bottles which were properly cleaned with detergent and rinsed with clean water 

and allowed to dry prior to sampling. Sampling was conducted for the month of September 

referenced using GPS 

nstable parameters (such as pH and Total Dissolved 
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Solids) were determined in-situ, and samples were cooled to 4
0
C in ice container. These 79 

conditions were maintained until the samples were received at the laboratory. Analysis of 80 

leachate samples was according to the American Public Health Association [25] standards for 81 

examining water and wastewater. Samples were analyzed for various physico-chemicals and 82 

biological parameters viz. pH, Total Dissolved Solids, Biological Oxygen Demand, Chemical 83 

Oxygen Demand, Ammonia, Phenol, Nickel, Chromium, Iron, Lead, Copper, Zinc and Total 84 

Coliform bacteria. 85 

2.3 DATA ANALYSIS 86 

 87 

The method employed in the analysis of generated raw data for the determination of pollution 88 

potential was the Weighted Additive Leachate Pollution Index (WALPI) as proposed by 89 

Kumar [14] and Principal Component Regression (PCR). PCR was adopted to formulate 90 

models for the estimation of Leachate Pollution Index with respect to dump sites of the study 91 

area. 92 

2.3.1 Leachate Pollution Index (LPI) 93 

Leachate Pollution Index (LPI) is a tool for assessing pollution potential of leachate from 94 

municipal solid waste dump sites. The objective of LPI is to present complex leachate data 95 

into information that is understandable and usable by the public. It is an environmental index 96 

used to quantify the leachate contamination potential of municipal solid waste dump sites. 97 

This index is based on the concentration of eighteen (18) parameters of the leachate and their 98 

corresponding significance. In order to calculate the LPI of a landfill, concentration of these 99 

18 parameters are to be known.  100 

With regards to this study, the sub-index values for all the parameters analyzed were 101 

computed from the sub-index curves based on their concentration. The sub-index values 102 

obtained for the parameters analyzed were multiplied with the respective weights assigned to 103 

each parameter. The Weighted Additive Leachate Pollution Index method is computed using 104 

Equation (1) when concentrations of all eighteen (18) parameters are known. 105 

��� = � ����
	

�
�
   (1) 

where, LPI = the weighted additive leachate pollution index, wi= the weight for the 106 

i
th

pollutant variable, pi= the sub index value of the ith leachate parameter, n = 18 and Σwi =1. 107 

UNDER PEER REVIEW



5 

 

However, when the data for the eighteen (18) variables for computing LPI are not known, the 108 

LPI can be calculated using Equation (2) as given [14]. 109 

��� = � ����/ � ��
�

�
�

�

�
�
(2) 

mis number of pollutant parameters for which data is available, but in that case, m<18 and 110 

Σwi<1.  111 

2.3.2 Principal Component Regression (PCR) 112 

Principal component regression is a regression technique that is based on Principal 113 

Component Analysis (PCA). It considers regressing the outcome (the dependent variable) on 114 

a set of covariates (the independent variables) based on a standard linear regression model. 115 

Principal Component Regression involves two steps: 116 

i. Application of PCA to decompose the independent variables(x) into an orthogonal 117 

basis (i.e. principal components or factor components), and select a subset of those 118 

components as the variables to predict the dependent variable(y). Principal component 119 

analysis looks for a few linear combinations of the variables that can be used to 120 

summarize the data without losing too much information in the process. Equation (3) 121 

presents the basic equation for principal component [26]:  122 

zij = ai1x1j + ai2x2j + ai3x3j + … + aimxmj   (3) 123 

wherez is the component score, ais the component loading, x the measured value of variable, 124 

i is the component number, j the sample number and m the total number of variables.  125 

ii. Construction of linear regression between the parameters on the factors most 126 

correlated with y. 127 

� = ∑ ��
���
�
� ������� + !      (4a) 128 

where������� = ∑ �"�"
� #" 129 

So   130 

   � = ∑ ��#�$�
� + !      131 

 (4b) 132 

whereYis the dependent variable, xiis the independent variables, ai is the regression 133 

coefficients andβ is the error or residual. 134 
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2.3.3 Modelling of Leachate Pollution Index  135 

In order to develop the models, a statistical tool called “XLSTAT” 2016 (Version 6) 136 

statistical package was employed. Firstly, the thirteen (13) independent parameters (pH, TDS, 137 

BOD, etc.) were subjected to Principal Component Analysis (PCA) to identify the most 138 

meaningful parameters (Principal Components or Factors) that give information that describe 139 

the majority of the data set, thereby allowing for data reduction with minimum loss of 140 

original information [27] and secondly, multiple linear regression between the dependent 141 

variable (the observed LPI values) from the results of Equation (2) and the independent 142 

variables (Principal Components or Factors) was carried out.  143 

 144 

Table 1: Input Data for Model Development for Niger-Cat Dump Site 145 

 146 
± 

All parameters are in mg/l except pH and total coliform (MPN/100ml) 147 

 148 

 149 

 150 

 151 

 152 

 153 

 154 

 155 

 156 

 157 

 158 

 159 

 160 

 161 

 162 

Parameter 
±
 September November January 

pH 6.97 7.89 6.69 

TDS 2827.33 2066.00 3100.00 

BOD 397.10 444.03 327.43 

COD 1020.33 916.67 737.33 

NH3-N 54.90 59.54 31.22 

Nickel (Ni) 0.15 0.14 0.17 

Chromium (Cr) 0.57 0.49 0.23 

Total iron (Fe) 6.43 3.94 9.71 

Lead (Pb) 0.96 0.98 0.11 

Copper (Cu) 0.19 0.17 0.21 

Zinc (Zn) 7.06 6.98 4.28 

Phenol 0.01 0.01 0.01 

Total coliform (TC) 16000.00 16000.00 16000.00 

LPI 16.636 15.989 14.528 

 

UNDER PEER REVIEW



7 

 

Table 2: Input Data for Model Development for Don-Parkar Dump Site 163 

 164 
± 

All parameters are in mg/l except pH and total coliform (MPN/100ml) 165 

 166 

 167 

Table 3: Input Data for Model Development for Orhuwhorun Dump Site  168 

 169 
± All parameters are in mg/l except pH and total coliform (MPN/100ml) 170 

 171 
 172 

3 RESULTS AND DISCUSSION 173 

3.1 RESULTS 174 

3.1.1 Principal Component Analysis 175 

In order to facilitate the running of Principal Component Analysis (PCA), the input data from 176 

Tables 1 – 3 for the three dump sites were utilized.  177 

Tables 4 – 6 present the results of principal component analysis for the three dump sites. For 178 

each table, we have the leachate pollution parameters and the rotated components in form of 179 

Parameter 
±
 September November January 

pH 6.37 7.15 8.01 

TDS 3373.33 3290.00 5426.67 

BOD 358.47 309.47 545.60 

COD 816.00 707.00 1242.67 

NH3-N 74.41 60.58 76.12 

Nickel (Ni) 0.13 0.10 0.26 

Chromium (Cr) 0.53 0.23 0.58 

Total iron (Fe) 9.03 7.90 19.68 

Lead (Pb) 0.88 0.62 0.96 

Copper (Cu) 0.17 0.10 0.52 

Zinc (Zn) 5.77 3.31 11.97 

Phenol 0.01 0.01 0.01 

Total coliform (TC) 16000.00 16000.00 16000.00 

LPI 15.845 15.008 18.862 

 

Parameter 
±
 September November January 

pH 6.90 6.44 7.22 

TDS 950.00 780.00 1153.33 

BOD 69.17 63.17 70.07 

COD 92.83 76.33 85.13 

NH3-N 33.09 18.28 43.03 

Nickel (Ni) 0.11 0.06 0.17 

Chromium (Cr) 0.44 0.16 0.31 

Total iron (Fe) 1.68 1.20 2.19 

Lead (Pb) 0.82 0.45 0.16 

Copper (Cu) 0.15 0.06 0.18 

Zinc (Zn) 1.79 2.32 2.79 

Phenol 0.01 0.01 0.01 

Total coliform (TC) 16000.00 16000.00 16000.00 

LPI 12.383 11.948 12.060 
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VF1 and VF2. An interesting observation for the rotated components is the values of the 180 

correlated coefficient highlighted in ’*’ superscript which signified parameters to be selected 181 

for model development. Diagrammatically, Figures 3 - 6presentcorrelation between variables 182 

and factors and between dump sites and factors. Variables clustered together around the axes 183 

indicate component factor values with the highest correlation coefficient. 184 

Table 4: Loadings of Leachate variables on significant principal components for Niger-Cat 185 

Dump Site 186 

Leachate Pollution Parameters 

  

Rotated Components 
±
 

VF1 VF2 

pH 0.9602* 0.0398 

TDS 0.9473* 0.0527 

BOD 0.6717* 0.3283 

COD 0.0316 0.9684* 

NH3-N 0.4175 0.5825* 

Nickel (Ni) 0.6551* 0.3449 

Chromium (Cr) 0.0949 0.9051* 

Total iron (Fe) 0.7021* 0.2979 

Lead (Pb) 0.2856 0.7144* 

Copper (Cu) 0.8569* 0.1431 

Zinc (Zn) 0.2493 0.7507* 

Phenol 0.0000 0.0000 

Total coliform (TC) 0.0000 0.0000 

Eigenvalue 9.5341 1.4659 

Variability (%) 86.6737 13.3263 

Cumulative % 86.6737 100.0000 
±
Principal Components after Verimax Rotation; *High correlation coefficient values that 187 

corresponds to selected leachate pollution parameters 188 

 189 
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 190 
Figure 3: Biplot of correlation between observations (sample months) and factors on 191 

correlation between variables (leachate parameters) and factors after Varimax Rotation for 192 

factor loading of Niger-Cat Dump Site  193 

 194 

Table 5: Loadings of Leachate variables on significant principal components for Don-Parkar 195 

Dump Site  196 

Leachate Pollution Parameters 
  

Rotated Components ± 

VF1 VF2 

pH 0.9771* 0.0229 

TDS 0.8613* 0.1387 

BOD 0.7312* 0.2688 

COD 0.7349* 0.2651 

NH3-N 0.0750 0.9250* 

Nickel (Ni) 0.7619* 0.2381 

Chromium (Cr) 0.1019 0.8981* 

Total iron (Fe) 0.8235* 0.1765 

Lead (Pb) 0.1475 0.8525* 

Copper (Cu) 0.7693* 0.2307 

Zinc (Zn) 0.6560* 0.3440 

Phenol 0.0000 0.0000 

Total coliform (TC) 0.0000 0.0000 

Eigenvalue 9.3761 1.6239 

Variability (%) 85.2377 14.7623 

Cumulative % 85.2377 100.0000 
±
Principal Components after Verimax Rotation; *High correlation coefficient values that 197 

corresponds to selected leachate pollution parameters 198 

 199 

September

November

January

pH

TDS

BOD

COD

NH3-N

Phenol

Nickel (Ni)

Chromium (Cr)

Total iron (Fe)

Lead (Pb)

Copper (Cu)

Zinc (Zn)

Total coliform (TC)
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Biplot (axes F1 and F2: 100.00 %) after Varimax rotation
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 200 
Figure 4: Bi-plot of correlation between observations and factors on correlation between 201 

variables and factors after Varimax Rotation for factor loading of Don-Parkar Dump Site 202 

 203 

 204 

Table 6: Loadings of Leachate variables on significant principal components for 205 

Orhuwhorun Dump Site  206 

Leachate Pollution Parameters 
  

Rotated Components ± 

VF1 VF2 

pH 0.9961* 0.0039 

TDS 0.9545* 0.0455 

BOD 0.9435* 0.0565 

COD 0.4402 0.5598* 

NH3-N 0.9975* 0.0025 

Nickel (Ni) 0.9676* 0.0324 

Chromium (Cr) 0.4362 0.5638* 

Total iron (Fe) 0.9679* 0.0321 

Lead (Pb) 0.0844 0.9156* 

Copper (Cu) 0.9899* 0.0101 

Zinc (Zn) 0.1070 0.8930* 

Phenol 0.0000 0.0000 

Total coliform (TC) 0.0000 0.0000 

Eigenvalue 7.8857 3.1143 

Variability (%) 71.6882 28.3118 

Cumulative % 71.6882 100.0000 
±
Principal Components after Verimax Rotation; *High correlation coefficient values that 207 

corresponds to selected leachate pollution parameters 208 

  209 
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 210 
Figure 5: Biplot of correlation between observations and factors on correlation between 211 

variables and factors after Varimax Rotation for factor loading of Niger-Cat Dump Site 212 

3.1.2 Leachate Pollution Index Models 213 

For the purpose of model development, the leachate pollution parameters with the highest 214 

correlation coefficient were selected (see Tables 4 – 6). For each dump site, two models were 215 

simulated viz; Niger-Cat, we have model-1 with six (6) independent variables namely pH, 216 

TDS, BOD, Nickel, Iron and Copper, and model-2 with five (5) independent variables 217 

namely COD, Ammonia, Chromium, Lead and Zinc. Similarly, for Don-Parkar, model-1 has 218 

eight (8) independent variables namely pH, TDS, BOD, COD, Nickel, Iron, Copper and Zinc, 219 

and model-2 with three (3) independent variables namely Ammonia, Chromium and Lead. 220 

Also,Orhuwhorun dump site has model-1 with seven (7) independent variables namely pH, 221 

TDS, BOD, Ammonia, Nickel, Iron and Copper, and model-2 with four (4) independent 222 

variables namely COD, Chromium, Lead and Zinc, respectively. 223 

 The simulated models with their corresponding R
2
 values are as presented in Tables 7. 224 

On the basis of higher R
2
values for each modelled dump site, the selected models are as 225 

presented in Table 8. 226 

 227 

 228 

 229 

 230 
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BOD

COD

NH3-N

Phenol

Nickel (Ni)

Chromium (Cr)

Total iron (Fe)
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Biplot (axes F1 and F2: 100.00 %)  after Varimax rotation                 
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Table 7: Model Development for Leachate Pollution Index 231 

Extracted Factors Model Coefficient of Variance, R
2
 Remark 

1) Niger-Cat Dump Site 

VF1 f(x1,x2,x3,x4,x5,x6) 0.4002 Model Rejected 

VF2 f(x1,x2,x3,x4,x5) 0.9555 Model Accepted 

 

2) Don-Parkar Dump Site 

VF1 f(x1,x2,x3,x4,x5,x6,x7,x8) 0.9865 Model Accepted 

VF2 f(x1,x2,x3) 0.6012 Model Rejected 

 

3) Orhuwhorun Dump Site 

VF1 f(x1,x2,x3,x4,x5,x6,x7) 0.1250 Model Rejected 

VF2 f(x1,x2,x3,x4) 0.9575 Model Accepted 

 232 

 233 

Table 8: Selected Leachate Pollution Index (LPI) Models 234 

SITES MODEL EQUATION R
2 
- Value 

1. NIGER-CAT 

 

% = 12.081 + 1.47 × 10,-#� + 1.396 × 10,1#1 + 1.1901#- + 4.3559
× 10,�#3 + 1.3784 × 10,�#4 

 

where, y = Leachate Pollution Index, x1 = Chemical Oxygen Demand,x2 = Ammonia, x3 

= Chromium, x4 = Lead, x5 = Zinc 

 

2. DON-PARKAR 

 

% = 10.347 + 2.669 × 10,�#� + 2.2 × 10,3#1 + 2.11 × 10,-#- + 9.3
× 10,3#3 + 3.1204#4 + 4.064 × 10,1#5 + 1.1716#6 + 5.814
× 10,1#7 

 

where y = Leachate Pollution Index,  x1 = pH,   x2 = Total Dissolved Solids,  x3 = 

Biochemical Oxygen Demand,   x4 = Chemical Oxygen Demand,  X5 = Nickel,  x6 = 

Iron,  x7 = Copper,   x8 = Zinc 

 

3. ORHUWHORUN 

 

% = 11.5373 + 7.69 × 10,-#� + 4.5558 × 10,�#1 + 1.9421 × 10,�#-
− 1.2567 × 10,�#3 

 

where, y = Leachate Pollution Index, x1 = Chemical Oxygen Demand,x2 = Chromium, 

x3 = Lead, x4 = Zinc 

 

0.9555

 

 

 

 
 

 

 

0.9865 

 

 

 

 

 

 
 

 

0.9575 

 

 

 

 

 

 

 

Figure 6 presents the observed LPI and predicted LPI values of developed models for Niger-235 

Cat, Don-Parkar and Orhuwhorun dump sites for sake of comparison. 236 
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 237 
 238 

Figure 6:Modelled LPI values against Observed LPI values 239 

 240 

 241 

3.2 DISCUSSION  242 

3.2.1 Principal Component Analysis  243 

From the principal component analysis results, the number of significant factor 244 

components were determined based on both scree plots (see Figures A1 – A3) and 245 

eigenvalues (see Tables 4 – 6). The eigenvalue criterion indicates that factor components with 246 

eigenvalues higher than one are regarded as significant. In this study, PCA extracted two 247 

significant Principal Factors (F1 and F2) with eigenvalues > 1, explaining 100% of the total 248 

cumulative variability in the data sets from the dump sites (see Tables 4 – 6). Varimax 249 

rotation was performed on extracted factors to improve the interpretation of PCA, as it 250 

increased the absolute values of larger loadings and reduced the absolute values of smaller 251 

loadings within each component.  252 

The factor loadings is classified as Strong, Moderate, and Weak corresponding to 253 

absolute loading values of >0.75, (0.50 - 0.75) and (0.30 – 0.50), respectively [28]. VF1 and 254 

VF2 accounted for 86.7 and 13.3% of the total variance for Niger-Cat, respectively. For Don-255 

Parkar, VF1 and VF2 accounted for 85.2% and 14.8% of the total variance, respectively. 256 
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ForOrhuwhorun, VF1 and VF2 accounted for 71.7 and 28.3% of the total variance, 257 

respectively.  258 

Principal Component Analysis (PCA) affords data reduction with minimum loss of 259 

information. PCA was used to extract the most important parameters from the thirteen (13) 260 

leachate pollution parameters from each dump site.AfterVarimax rotation, six (6) important 261 

parameters were extracted for model development for Niger-Cat, eight (8) for Don-Parkar 262 

and four (4) for Orhuwhorun dump site, respectively.The best models for the three dump sites 263 

were selected based on “Goodness of Fit” (coefficient of variance, R
2
) value (see Table 7). A 264 

multiple linear regression simulation using XLSTAT 2016 (version 6) was run for Factors 1 265 

and 2 after Varimax rotation (i.e. VFI and VF2) for each dump site. The model with the 266 

higher R
2
was selected for each dump site (see Table 8). The advantage gained with VFI and 267 

VF2 with respect to R
2
model selection is that the selected models offered better prediction of 268 

leachate pollution index with minimum residuals. 269 

Leachate Pollution Index (LPI) 270 

The output on the application of the weighted additive leachate pollution index (using 271 

Equation 2) on the collected data taking m = 13 and Σwi= 0.718 are presented in Tables A1 – 272 

A3 for the pollution index for Niger-Cat, Don-Parkar and Orhuwhorun dump sites, 273 

respectively.  274 

Parameters like mercury, arsenic, cyanide, chlorides and Total Kjeldahl Nitrogen values were 275 

not determined during field study and as such, were not considered in computing the leachate 276 

pollution index for the three dump sites. 277 

At Niger-Cat dump site, the concentration of leachate parameters such as TDS 278 

(2877.33mg/l, 2066.00mg/l and 3100.00mg/l), BOD5 (397.10mg/l, 444.03mg/l and 279 

327.43mg/l), COD (1020.33mg/l, 916.67mg/l and 737.33mg/l) and lead (0.96mg/l, 0.98mg/l 280 

and 0.11mg/l) exceeded the leachate disposal standards (see Table A1, column 3) during the 281 

sampling period of September, November and January. The concentration of ammonia 282 

(54.9mg/l, 59.54 and 31.22mg/l) and zinc (7.06mg/l, 6.98mg/l and 4.28mg/l) were found to 283 

have exceeded the permissible limit in the month of September and November. Ammonia and 284 

zinc were within limit in January. Phenol, nickel, chromium and copper were within the 285 

permissible limit throughout the sampling periods. pH (6.97, 7.89 and 6.69) for September, 286 

November and January were within specified limit (5.5 – 9.0), although November accounted 287 

for the highest pH. 288 

UNDER PEER REVIEW



15 

 

At Don-Parkar dump site, leachate parameters such as TDS (3373.33mg/l, 289 

3290.00mg/l and 5426.67mg/l), BOD5 (358.47mg/l, 309.47mg/l and 545.60mg/l), COD 290 

(816.00mg/l, 707.00mg/l and 1242.67mg/l), ammonia (74.41mg/l, 60.58mg/l and 76.12mg/l) 291 

and lead (0.88mg/l, 0.62mg/l and 0.96mg/l) have concentration values higher than the 292 

maximum permissible limit (see Table A2, column 3) for September, November and January. 293 

TDS was twice higher than standard in January. Zinc (5.77mg/l, 3.31mg/l and 11.97mg/l) 294 

was found to have exceeded the disposal standards in September and January, while zinc was 295 

within the specified standard in November. pH (6.37, 7.15 and 8.01) was within permissible 296 

limit throughout sampling periods. The concentration of phenol, nickel, chromium and 297 

copper were within specified limit of leachate disposal standards. 298 

At Orhuwhorun dump site, the concentration of BOD5 (69.17mg/l, 63.17mg/l and 299 

70.07mg/l) and lead (0.82mg/l, 0.45mg/l and 0.16mg/l) exceeded the permissible limit (see 300 

Table A3, column 3) for the period of September, November and January. The pH value 301 

(6.90, 6.44 and 7.22) for September, November and January was within the permissible limit 302 

while the concentration of TDS, COD, ammonia, phenol, nickel chromium copper and zinc 303 

were below the maximum permissible limit. 304 

3.2.2 Modelled and Observed LPI values  305 

A graphical illustration of modelled LPI values and their corresponding observed LPI 306 

values for each dump site is presented in Figure 6. The modelled LPI values were 16.4216, 307 

16.2279 and 14.5037 while the observed values16.6365, 15.9889 and 14.5279 at Niger-Cat 308 

dump site. The highest LPI value occurred in September. The trend was 309 

16.4216>16.2279>14.5037 for September, November and January respectively. At Don-310 

Parkar dump site, the modelled LPI values were 15.5983, 15.2307 and 18.8870 while the 311 

observed values 15.8454, 15.0084 and 18.8621. The highest LPI value occurred in January 312 

while November accounted for the lowest LPI value. Themodelled LPI values were 12.3852, 313 

11.9939 and 12.0123while the observed LPI values12.3830, 11.9485 and 12.0599 at 314 

Orhuwhorun dump site. The lowest LPI value was accounted for in November, followed by 315 

January, while September had the highest LPI value.  316 

The comparison of LPI values for all dump sites indicated that Don-Parkar had the 317 

highest (average) LPI value, while Orhuwhorun dump site accounted for the lowest LPI 318 

value.  The LPI values of the three dump sites were above the LPI standard value of 7.378 319 

[14].The lower LPI value at Orhuwhorun dump site indicates a relatively lower 320 

contamination potential compared to that of Niger-Cat and Don-Parkar. Niger-Cat and Don-321 
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Parkar LPI values were twice higher than the leachate pollution index standard as at the time 322 

of this study. This indicates the leachates from these dump sites were of very high pollution 323 

potential and pose great threats to the environment. 324 

4 CONCLUSION  325 

Models for predicting Leacahte Pollution Index (LPI) of Niger-Cat, Don-Parkar and 326 

Orhuwhorun dump sites were developed in this study. The LPI is a very useful tool for 327 

assessing and monitoring the pollution potentials of leachate generated from dump site. This 328 

study has shown that Niger-Cat, Don-Parkar and Orhuwhorun dump sites are threats to local 329 

surface and groundwater of the study area and to a wider population with passage of time if 330 

left unattended to.  331 

5 RECOMMENDATION 332 

This study had revealed that Niger-Cat, Don-Parkar and Orhuwhorun dump sites are sources 333 

of environmental pollution and pose a threat to groundwater as a result of leachate migration. 334 

Therefore, the following recommendations are made: 335 

1. Effort should be made and measures put in place to curtail the threats posed by the 336 

three dump sites to surface water and groundwater by way of providing systems for 337 

leachate collection and treatment. 338 

2. Prioritized order of attention should be given first to Don-Parkar site followed by 339 

Niger-Cat site and then Orhuwhorun dump site, respectively. 340 

 341 

 342 
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APPENDIX A 421 

Table A1:   Characteristics and Observed Pollution Index of Niger-Cat Dump Site Leachate 422 

 423 
± 

All parameters are in mg/l except pH and total coliform (MPN/100ml) 424 

*Indian leachate disposal standards (Kumar et al., 2003) 425 

 426 

 427 

 428 

 429 

 430 

 431 

 432 

 433 

 434 

 435 

 436 

 437 
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Table A2:    Characteristics and Observed Pollution Index of Don-Parkar Dump Site 438 

Leachate 439 

 440 
± 

All parameters are in mg/l except pH and total coliform (MPN/100ml) 441 
 442 
 443 

Table A3: Characteristics and Observed Pollution Index of Orhuwhorun Dump Site Leachate 444 

 445 
± All parameters are in mg/l except pH and total coliform (MPN/100ml) 446 

 447 

 448 
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449 
Figure A1: Scree plot for factor extraction among Niger450 

November and January 451 

 452 

 453 

454 
Figure A2: Scree plot for factor extraction among Don455 

November and January  456 

 457 

 458 

 459 

460 
Figure A3: Scree plot for factor extraction among Orhuwhorun parameters for September, 461 

November and January  462 

 
Scree plot for factor extraction among Niger-Cat parameters for September, 

 
ee plot for factor extraction among Don-Parkar parameters for September, 

 
Scree plot for factor extraction among Orhuwhorun parameters for September, 

20 

Cat parameters for September, 

Parkar parameters for September, 

Scree plot for factor extraction among Orhuwhorun parameters for September, 
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