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ABSTRACT 
 

The groundwater quality of Rumuola community of Rivers State, Nigeria was investigated. This 
study was done to determine the pollution potential of a solid waste open dump in a borrow pit in 
the community. The leachate pollution index was calculated for the borrow pit at the centre of the 
community using weighted additive leachate pollution index. The result showed that the LPI value 
was 5.31 and has low pollution potential. It was discovered that the groundwater in the entire 
community was acidic with pH levels ranging from 3.6 to 4.2, which is below NSDWQ’s permissible 
range of 6.5-8.5. Nickel and arsenic also showed concentrations that were above permissible limits 
with nickel values averaging 0.033 mg/l which is slightly above the limit of 0.02 mg/l. Arsenic had 
concentrations that ranged from 0.16 to 1.57 mg/l which is above permissible limits of 0.01 mg/l. 
WQI was determined using weighted arithmetic water quality index analysis. As a result of the high 
concentrations of arsenic, the WQI values were very high with values ranging from 144 to 1367 and 
this shows that the water in the study area is unsuitable for drinking. In modelling the water quality 

Original Research Article 



 
 
 
 

Amah and Agu; AJEE, 12(1): 37-47, 2020; Article no.AJEE.55682 
 
 

 
38 

 

index of Rumuola community, geostatistical methods were applied. Ordinary kriging, Empirical 
Bayesian kriging (EBK), inverse distance weighting (IDW) and cokriging interpolations methods 
were used   to produce surface maps showing the distribution of variables using ARCGIS software. 
The best interpolators were: EBK for pH, TDS, Sulphate and nitrate; Ordinary kriging for Nickel and 
Hardness; IDW for Iron and arsenic; Cokriging for WQI.   
 

 

Keywords:  Water quality index; geostatistics; kriging; groundwater pollution; groundwater modeling; 
geostatistical modeling. 

 

1. INTRODUCTION 
 

Groundwater is important to the entire world’s 
population, in semi-arid and arid regions there is 
even more focus given to it because of the 
insufficiency of surface water [1]. In Nigeria, 
more than 57 million people do not have access 
to clean water as a result of ground water 
pollution [2,3]. There are many pollutants of 
groundwater but those of uttermost concern are 
naturally occurring arsenic, fluoride and nitrate 
[4]. It is imperative that groundwater is assessed 
systematically and monitored continually 
applying proven scientific methods to determine 
its quality to ensure that it can be used for 
domestic purposes, and that no adverse effects 
are experienced due to its use [5]. Groundwater 
problems exist because there is inadequate 
infrastructure to treat and distribute water to the 
populace [6]. Effluents from industrial sources 
are a big problem especially in developing cities 
like Port Harcourt with a high presence of 
industries [7]. Groundwater can also be polluted 
by leachate from landfills practices [8] the 
magnitude of which depends on the quantity and 
composition of the leachate from the landfill 
which usually contains heavy metals [9,10] and 
the groundwater level [11,12]. People living in 
warmer climates like Nigeria are at higher risk of 
exposure and associated problems because of 
the need to take more water [9,13,14]. 
Groundwater quality across regions is spatially 
related and geostatistical methods of evaluating 
spatial relationships are relevant to predict the 
variables at areas where sampling may be 
impossible. Geostatistics does not only look at 
the incidence of a variable but also at the 
location, the Spatial association between values 
and the effect geographical factors have on the 
distribution of variables at a location [15].  
 
According to Hassan [4], the techniques of 
geostatistics are used to: forecast values at 
locations not sampled, evaluate the uncertainty 
affiliated with the forecasted values and model 
the spatial patterns of the parameter being 
considered. There are different interpolation 
methods that can be applied in groundwater 

modelling for example: Ordinary kriging, 
Empirical Bayesian kriging, cokriging and inverse 
distance weighting.  
 

Kriging which is linear interpolation method, 
presupposes a statistical model and has 
standard errors that measure the level of 
uncertainty of the values that have been 
forecasted [16,17,18]. Classical kriging assumes 
that the variogram estimated initially is the 
correct variogram of the studied data but, this 
assumption is not always true in practice and this 
is why EBK was introduced [16]. Empirical 
Bayesian Kriging (EBK) is different from classical 
kriging because it considers the error introduced 
by the semivariogram model. EBK does not use 
just one semivariogram as kriging does but 
applies many semivariograms [16]. Cokriging is a 
kriging method that estimates samples that were 
thought of as poorly collected with the aid of a 
sample that was collected more appropriately. 
For cokriging to be applied there has to be some 
very high correlation (positive or negative) 
between the two samples. Inverse Distance 
Weighting is a deterministic method for 
interpolating spatial data. In this method, weights 
are given to points to be measured, and the 
amount of weight given to that point is dependent 
on the distance of that point to another unknown 
point. If the power of these weights is increased, 
the effect of points that are farther away will be 
undermined and keeping the power low will 
mean that the weights will be distributed more 
uniformly between points close by. If the points 
have the same distance between them, then the 
weights, in turn, are the same [19].  
 

To decide which model best fits or predicts most 
accurately, cross-validation is done and the 
mean prediction error should be closer to zero, a 
lower root mean square prediction error (RMSE) 
and the root mean square standardized error 
should be closer to 1. However, If RMSE is less 
than 1 then the prediction is underestimated and 
if greater than 1 then the prediction is 
overestimated [4]. 
 

In this study, the leachate from an open dump in 
the study area was evaluated to determine its 
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constituents and to ascertain its pollution 
potential. The water quality index from 
surrounding boreholes was calculated using 
weighted arithmetic water quality index method 
and finally geostatistical interpolation methods 
were applied with the aid of ARCGIS to create 
surface maps showing distribution of 
contaminants across the region.  
 

2. MATERIALS AND METHODS 
 
This study was conducted in Rumuola 
community in Obio-Akpor local government area 
in Rivers state, Nigeria. Rivers state is found in 
the coastal plain of the eastern Niger Delta [20].  
Temperature ranges from 21.2-23.2ºC to 28.7-
33.4ºC. Annual rainfall is 4,700 mm/year [20]. 
This area was extensively studied and it was 
understood that, the borrow pit at Rumuola 
community was born as a result of sand mining 
done many years ago to aid the construction of 
major roads in the state [21]. The Rumuola 
borrow pit lies longitudes E 007º 00’ 01.0’’ to E 
007º 03’ 09.7’’ and latitudes N 04º 50’ 08.5’’ to N 
04º 50’ 14.2’’. Although the region has evolved 
and houses have emerged, the enormous borrow 
pit still remains. A large pond has been formed 
covering an area of 135,000m

2
 with a depth of 

7.68m, the water table lies at 7.49 m and this 
shows that the pit has cuts into the water-table 
[21].  
 
The groundwater quality was determined using 
weighted arithmetic water quality index and the 
groundwater parameters were modelled using 
geostatistical methods. The leachate pollution 
index was calculated using weighted additive 
leachate pollution index and the leachate values 
were compared to effluent standards. In 
Calculating WQI, the Weighted Arithmetic Water 
Quality Index (WAWQI) Method was used, and it 
is outlined as follows: 
 
Step 1: Collect data of the water quality 
parameters that will be used to determine the 
WQI. 

 
Step 2: Calculate k using Equation 1 
 

 � = �
�

∑
�

��

�
���

�                           (1) 

 
Where  

k = Proportionality constant 
Si=Standard permissible limit for the nth 
parameter  

Step 3: Calculate the quality rating for the nth 
parameter qn. 
 

�� = 100(((�_� − �_�� ))/((�_� − �_�� ) ))  (2) 
 
Where:  

Vn =Estimated concentration of the nth 
parameter of the given sampling location. 
Vio = Ideal value of the nth parameter in pure 
water [22]. 
Si =Standard permissible limit of the nth 
parameter. 

 
Step 4: Calculate the unit weight of the nth 
parameters using Equation 3 
 

�� = �
�

��
�               (3) 

 
Step 5: Calculate the Water Quality Index using 
Equation 4 
 

��� = �
(∑ ��∗��)

∑ ��
�             (4) 

 
Table 1 shows the water quality status based on 
the WQI value for each water sample. 0-25 
shows excellent water while anything above 100 
is unsuitable for drinking purposes. 
 
Table 1. Water quality index (WQI) and status 

of water quality 
 

Water quality index 
level 

Water Quality status  

0-25 Excellent water 
26-50 Good water  
51-75 Poor water  
76-100 Very poor water  
>100 Unsuitable for drinking 

purpose 
Source: [22] 

 
The leachate pollution index can be calculated 
using the Equation 5 when all 18 leachate 
pollutions parameters are known: 
 

��� = ∑ ����
�
���                   (5) 

 
Where  

LPI=The weighed additive leachate pollution 
index 
Wi = The weight of the i

th
 pollutant variable 

Pi = The sub-index value of the ith leachate 
pollutant variable 
n = Number of leachate pollutant variables 
used in calculating LPI and n=18. 
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Leachate parameters sum = 1 [23]. Nine (9) 
parameters were used in this study which 
summed up to 0.496. The sub-index values were 
determined from the sub-index curves of the 
respective parameters. 
 
But when the data for all the 18 leachate 
pollutant variables required to calculate the LPI is 
not available, the LPI can be calculated with the 
available pollutants using Equation 6: 
 

��� =
∑ ����

�
���

∑ ��
                                     (6) 

 
This method was applied in this report since all 
eighteen leachate parameters were not used in 
determining the LPI. 
 

2.1 Sampling Technique 
 
Leachate Samples were collected using 
sampling bottle that were thoroughly washed and 
dried. Leachate was collected from the base of 
the pit into One-litre polyethene bottles. The 
leachate had drained out by gravity. One 
leachate sample was collected and this was 
designated as Leachate Sample (LS). 10 
Leachate parameters were analysed from the 
leachate sample collected from the open dump 
embedded in the borrow pit in the centre of the 
community. These parameters were chosen 
based on the method developed by [23]. The 
parameters used in this study are: Chromium, 
Iron, TDS, copper, nickel, lead, mercury, arsenic, 
chlorides and pH. 

 
Groundwater samples were taken in one-litre 
polyethene bottles. Prior to collecting the 
samples, the water from the borehole was 
allowed to run for five minutes to ensure 
groundwater parameters were unchanged. Then, 
the sampling bottles were rinsed with the 
groundwater three times before collecting the 
samples. The water was taken from a point 
before the water enters the reservoirs (water 
tanks) used to store them. A plumber dismantled 
the piping works to enable water collection to be 
done directly from the source. This was done to 
prevent any form of contamination from the water 
storage reservoirs and to ensure the integrity of 
the samples. Borehole samples were designated 
by borehole 1 (BH1), borehole 2 (BH2) etc. 

 
Eighteen (18) water samples were collected from 
boreholes in Rumuola community for this study. 
The sampling points were distributed around the 
community with the aid of the GIS software. The 

samples were collected and analysed using 
standard methods for TDS, pH, Nitrate, sulphate, 
nickel, arsenic, mercury, iron and total hardness.  
 
To model, Arc map (ARCGIS 10.5) software was 
used. This software forecasted values at 
unsampled locations for each parameter 
investigated while also creating interpolated 
surface maps which shows the distribution of the 
pollutants across the study area and highlights 
areas with low and high concentrations. The 
methods that were explored in this project were 
Ordinary kriging, Cokriging, Empirical Bayesian 
Kriging and Inverse Distance Weighting and the 
best methods were chosen by cross-validation. 
 
The secondary data that was used for the study 
is the Nigerian Standard for Drinking Water 
Quality(NSDWQ) and  The Federal 
Environmental Protection Agency Act 1988 No. 
58. This was used to determine the safe limits for 
the physicochemical parameters of drinking 
water and safe limits of effluent (leachate) 
discharge in ground and surface water. 
 

3. RESULTS AND DISCUSSION 
 
Table 2 shows how the LPI was determined. Wi 
is the weight and Pi is the sub index value as 
derived from the study done by [23]. The 
determination of LPI was done using Equation 5. 
The leachate had a pH of 6.2. The concentration 
of arsenic in the leachate sample was 0.579 
mg/l, which is higher than the effluent discharge 
limit of 0.1 mg/l. Every other leachate parameter 
had values that were below the effluent 
discharge limits specified by Nigeria’s federal 
ministry of environment. LPI was determined 
using Allapat’s method as outlined in Equations 5 
and 6. The calculated LPI value was 5.31 and 
this shows that the pollution potential of the 
leachate is very low. 
 
Table 3, shows the distribution of the parameters 
through the selected sampling points. The lowest 
pH values were observed in BH 4, 8 and 20 with 
a value of 3.6. The range of values was from 3.6 
to 4.2 across the region. The acceptable pH 
range as specified by the NDWQS is 6.5-8.5 but 
the water samples analysed were below that 
range, which is an indication of acidity. Arsenic 
concentrations were very high in all the 
boreholes sampled with values ranging from 0.16 
to 1.57 mg/l. Whereas, the acceptable level of 
arsenic in drinking water is 0.01 mg/l. Nickel 
concentrations were also generally high in the 
region ranging from 0.013-0.144 mg/l.  



 
 
 
 

Amah and Agu; AJEE, 12(1): 37-47, 2020; Article no.AJEE.55682 
 
 

 
41 

 

Table 2. Leachate pollution index calculation 
 

Parameter Concentration(mg/l) Weight (Wi) Sub-Index Rating (Pi) WiPi 

Chromium 0.005 0.064 5 0.32 
Iron 0.158 0.045 5 0.225 
TDS 108 0.05 5 0.25 
Copper 0.004 0.05 5 0.25 
Nickel 0.114 0.052 5 0.26 
Lead 0.012 0.063 5 0.315 
Mercury 0.01 0.062 6 0.372 
Arsenic 0.579 0.061 5 0.305 
Chlorides 20.5 0.049 5 0.245 
pH 6.2 0.055 7 0.385 
Total  0.551  2.927 
   LPI 5.31216 

 
Table 3. Water quality input data for water quality index 

 
Parameter BH1 BH3 BH4 BH5 BH6 BH7 BH8 BH9 BH11 BH12 
pH 4.0 4.2 3.6 3.9 4.0 4.0 3.6 3.8 3.8 4.0 
TDS 45 20 140 87 77 118 125 80 110 86 
Nickel 0.016 0.013 0.024 0.027 0.028 0.026 0.03 0.028 0.03 0.035 
Iron 0 0 0 0 0 0 0 0 0 0.061 
Arsenic 0.394 0.375 0.779 0.433 0.76 0.16 0.885 0.615 1.29 0.981 
Mercury 0 0 0 0 0 0 0 0 0 0 
Sulphate 0.75 0.365 0.75 1.81 7.58 7.96 8.73 0.558 1.33 31.4 
Nitrate 1 0.079 2.72 1.44 1.16 2.14 3.03 2.02 2.16 0.074 
Hardness 6.2 3 13 12.8 6.4 16.6 24.8 8.4 15.2 2 
WQI 345 327 680 381 664 144 773 539 1124 858 
Parameter BH13 BH15 BH16 BH17 BH18 BH19 BH20 BH21 LCP 
pH 4.2 3.8 4.2 4.0 4.1 3.7 3.6 3.8 6.2 
TDS 78 60 45 43 34 96 79 40 108 
Nickel 0.027 0.028 0.031 0.031 0.027 0.027 0.029 0.028 0.144 
Iron 0 0 0.036 0 0 0 0 0 0.158 
Arsenic 1.01 1.17 1.38 1.15 1.25 1.57 1.57 1.48 0.579 
Mercury 0 0 0 0 0 0 0 0 0 
Sulphate 2.67 0.75 6.71 0.558 0.75 0.942 0.558 0.654 7 
Nitrate 1.99 1.38 0.254 1.11 0.859 1.79 1.76 0.674 0.424 
Hardness 7.2 8.2 5.4 7 4.2 8.4 13 5.8 66 
WQI 881 1020 1203 1003 1089 1366 1367 1289 533 

 
The WQI values were determined using Equation 
4 and results presented as Table 4. When 
compared with Table 1, it is observed that the 
water in the entire region is unsuitable for 
drinking because they all had values greater 100.  
 
Hassan [4] outlined the conditions that need to 
be met for a prediction model to be selected over 
others. The mean error of the selected model 
should be nearest to zero, root mean square 
error should be lowest and root mean square 
standard error should be nearest to 1. Table 5 
presents the best interpolators of the water 
quality parameters. The best method for 
modelling pH, sulphate, nitrate and TDS was 
EBK. This was probably because EBK does not 

use one variogram as kriging does in fitting the 
model but applies many variograms thereby 
reducing the error introduced by assuming the 
initial variogram is the right one [16]. For nickel 
and hardness ordinary kriging was observed to 
be the better modelling technique. IDW was best 
used to predict iron and arsenic While WQI was 
best modelled by cokriging. Cokriging models 
WQI better because it is a calculated parameter 
and it is determined with parameters that have 
the highest correlation with WQI values, thereby 
increasing the accuracy. 
 
The best fit models were used to produce 
surface interpolation plots for the various water 
quality parameters measured. Figs. 1-9 shows 
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the spatial distribution of the water quality 
parameters over the region. The colors where 
chosen to symbolize a cold to hot effect. The 

blue color represents a cold region or a region of 
mild effects, while the red color represents a hot 
region or a region of adverse effects. 

 

Table 4. Water quality index around rumuola community 
 

Source WQI value Interpretation 
BH1 345 Unsuitable for drinking 
BH3 328 Unsuitable for drinking 
BH4 681 Unsuitable for drinking 
BH5 381 Unsuitable for drinking 
BH6 665 Unsuitable for drinking 
BH7 144 Unsuitable for drinking 
BH8 774 Unsuitable for drinking 
BH9 539 Unsuitable for drinking 
BH11 1125 Unsuitable for drinking 
BH12 858 Unsuitable for drinking 
BH13 881 Unsuitable for drinking 
BH15 1020 Unsuitable for drinking 
BH16 1203 Unsuitable for drinking 
BH17 1004 Unsuitable for drinking 
BH18 1090 Unsuitable for drinking 
BH19 1367 Unsuitable for drinking 
BH20 1367 Unsuitable for drinking 
BH21 1289 Unsuitable for drinking 

 

 
 

Fig. 1. pH distribution in the study area 
 

 
 

Fig. 2. TDS distribution in the study area 

TDS EBK

<VALUE>

28 - 53

54 - 73

74 - 88

89 - 99

100 - 114
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Table 5. Best-fit model for interpolating groundwater parameters 
 

Parameter Method Mean 
error 

Root mean 
square error 

Root mean square 
standard error 

Status 

pH Ordinary Kriging 0.019 0.583 1.007  

IDW 0.056 0.616   

EBK 0.017 0.572 0.978 best fit 

TDS Ordinary Kriging 0.490 23.405 0.803  

IDW 2.262 24.974   

EBK -0.505 22.987 0.958 best fit 

Nickel Ordinary Kriging 0.001 0.028 1.014 best fit 

IDW 0.003 0.030   

EBK 0.002 0.029 0.995  

Iron Ordinary Kriging 0.005 0.043 1.011  

IDW 0.002 0.040  best fit 

EBK 0.002 0.040 0.976  

Arsenic Ordinary Kriging 0.022 0.444 1.052  

IDW 0.005 0.043  best fit 

EBK 0.022 0.459 1.016  
Sulphate Ordinary Kriging 0.185 8.130 1.090  

IDW 0.278 7.737   

EBK 0.123 7.654 0.992 best fit 

Nitrate Ordinary Kriging 0.019 0.701 0.992  

Nitrate 

Hardness 

IDW -0.004 0.640   

Nitrate 

Hardness 

Hardness 

WQI 

EBK 0.000 0.634 0.951 best fit 

Ordinary Kriging -0.047 14.067 1.335 best fit 

IDW 1.493 15.912   

Hardness 

WQI 

WQI 

EBK 0.433 15.288 1.023  

Ordinary Kriging 15.242 399.699 1.094  

IDW -10.220 411.896   
WQI EBK 16.070 398.469 1.004  

Cokriging -2.012 382.270 1.062 best fit 
 

 
 

Fig. 3. Nickel distribution in the study area 
 

Based on the interpolation maps, areas near the 
western part of Rumuola community had very 
acidic groundwater with a pH of about 3.6. TDS 

increased steadily from east to the west although 
all values were below the maximum 
concentration of 500 mg/l for TDS in drinking 

Nickel Kriging

<VALUE>

0.026 - 0.031

0.032 - 0.033

0.034 - 0.033

0.034 - 0.035

0.036 - 0.039
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water. Nickel values were high at western and 
eastern boundaries. Arsenic concentrations 
across the community were above 0.01 mg/l 
which is the permissible concentration. Sulphate 
and nitrate concentrations were within 
permissible limits and did not pose any threat to 
the groundwater of the community. Hardness 

increases from the south-east up to the 
northwest region but all concentrations are below 
the standard value of 150 mg/l. WQI values are 
all above safe limits with values peaking at 1367. 
The southern region of the map displayed the 
worst water quality index values while the “best” 
water quality is seen in the northwest areas. 

 

 
 

Fig. 4. Iron distribution in the study area 
 

 
 

Fig. 5. Arsenic interpolation in the study area 
 

 
 

Fig. 6. Sulphate distribution in the study area 
 

arsenic IDW

<VALUE>

0.16 - 0.58

0.59 - 0.81

0.82 - 0.92

0.93 - 1.15

1.16 - 1.57

Sulphate EBK

<VALUE>

1.68 - 3.15

3.16 - 4.04

4.05 - 4.59

4.6 - 5.49

5.5 - 6.95

Iron IDW map

<VALUE>

0 - 0.002

0.003 - 0.008

0.009 - 0.023

0.024 - 0.06

0.061 - 0.149
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Fig. 7. Nitrate distribution in the study area 
 

 
 

Fig. 8. Hardness distribution in the study area 
 

 
 

Fig. 9. WQI distribution in the study area 
 
4. CONCLUSION 
 
Findings showed that the LPI with a value of 5.31 
has low pollution potential in line with the study 
done by [23]. Arsenic was the only leachate 
parameter to exceed the standard limit of 0.1 
mg/l with a concentration of 0.579 mg/l in the 
leachate sample. Arsenic is considered 

carcinogenic and is termed by some as the 
world’s most hazardous chemical [24]. Other 
leachate parameters like pH, nickel, nitrate, 
sulphate, TDS, chloride, chromium, magnesium 
and lead were all within limits specified by  The 
Federal Environmental Protection Agency Act 
1988 No. 58.  
 

Nitrate EBK

<VALUE>

0.422 - 0.782

0.783 - 1.16

1.17 - 1.55

1.56 - 1.96

1.97 - 2.4

Hardness kriging

<VALUE>

6.6 - 7.8

7.9 - 8.9

9 - 10.1

10.2 - 11.5

11.6 - 13

WQI Cokriging map

<VALUE>

481 - 670

671 - 807

808 - 908

909 - 981

982 - 1,035
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The groundwater across Rumuola was generally 
acidic with values from 3.6-4.2. There was a high 
positive correlation between pH/nickel and 
pH/hardness. TDS, Iron, mercury, sulphate, 
nitrate and hardness levels were all below 
maximum limits. Nickel and arsenic values were 
above the acceptable limits for drinking water. 
The lowest concentration of arsenic that is 
allowable in drinking water is about 0.01 mg/l but 
the maximum concentration in the groundwater 
around Rumuola was 1.57 mg/l. The lowest 
arsenic concentration in the boreholes being 0.16 
mg/l was still above drinking water limits. Nickel 
was observed to have a value of 0.033 mg/l and 
is above the limits of 0.02 mg/l in drinking water. 
According to SON and NIS [25], nickel is a 
carcinogenic element. The water quality index 
ranged 144 and 1367 which are all greater than 
100. This means that the groundwater across 
Rumuola community is unsuitable for drinking. 
The best interpolation models for the 
groundwater quality parameters are as follows: 
EBK for pH, TDS, Sulphate and nitrate; Ordinary 
kriging for Nickel and Hardness; IDW for Iron and 
arsenic; Cokriging for WQI.  
 

Advanced treatment methods should be explored 
to reduce the concentration of the toxic metals 
and to reduce acidity of the water to levels where 
they do not cause any harm to the residents who 
rely on this water for cooking and drinking.  

 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Singh S, Hussian A. Water quality index 

development for groundwater quality 
assessment of greater Noida sub-basin, 
Uttar Pradesh, India. Cogent Engineering. 
2016;3(1):1–17. 
DOI:=https://doi.org/10.1080/23311916.20
16.1177155 

2. Oni O, Fasakin O. The use of water quality 
index method to determine the potability of 
surface water and groundwater in the 
vicinity of a municipal solid waste dumpsite 
in Nigeria. American Journal of 
Engineering Research (AJER). 2016;5:96–
101.  
Available: www.ajer.org 

3. Pitt R, Clark S, Field R. Groundwater 
contamination potential from stormwater in 
® ltration practices. 2000;1(1999).  

4. Hassan J. A Geostatistical approach for 
mapping groundwater quality (Case Study: 
Tehsil Sheikhupura). International Journal 
of Science and Research. 2014;3(4):239–
245. 

5. Batabyal A, Chakraborty S. Hydrogeo-
chemistry and water quality index in the 
assessment of groundwater quality for 
drinking uses. Water Environment 
Research. 2015;87.  
DOI:https://doi.org/10.2175/106143015X14
212658613956 

6. Lateef A, Kolawole LL, Agosu SO, Biology 
A. Quality assessment of some 
groundwater samples in Ogbomoso 
Metropolis, Southwest Nigeria. 2012; 
2(6):39–48. 

7. Chindah AC, Braide SA, Obunwo CC. 
Water quality of streams receiving 
municipal waste water in Port Harcourt, 
Niger Delta, Nigeria. InTech. 2011;1–23. 
[ISBN: 978-953-307-233-3] 
DOI:https://doi.org/http://dx.doi.org/10.577
2/57353 

8. Oyeku OT, Eludoyin AO. Heavy metal 
contamination of groundwater resources in 
a Nigerian urban settlement. 2010;4(April): 
201–214. 

9. Wongsasuluk P, Chotpantarat S. Heavy 
metal contamination and human health risk 
assessment in drinking water from shallow 
groundwater wells in an agricultural area in 
Ubon Ratchathani Province; 2013. 
DOI:https://doi.org/10.1007/s10653-013-
9537-8 

10. Dhakate R, Singh VS. Heavy metal 
contamination in groundwater due to 
mining activities in Sukinda valley, Orissa - 
A Case Study. 2008;1(4):58–67.11.  

11. Słomczyńska B, Słomczyński T. Physico-
chemical and toxicological characteristics 
of leachates from MSW landfills. Polish 
Journal of Environmental Studies. 2004; 
13(6):627–637. 

12. Mamuyovwi O. Modeling leachate pollution 
and water quality indices for selected for 
municipal solid waste dump sites in warri 
metropolis. University of Port Harcourt, 
Port Harcourt; 2017. 

13. Alam P, Ahmade K. Impact of solid waste 
on health and the environment. 
International Journal of Sustainable 
Development and Green Economics 
(IJSDGE). 2013;2(1):165–168.  
Available:http://irnet.sg/irnet_journal/IJSD
GE/IJSDGE_doc/IJSDGE_V2I1,2_papers/
31.pdf 



 
 
 
 

Amah and Agu; AJEE, 12(1): 37-47, 2020; Article no.AJEE.55682 
 
 

 
47 

 

14. Sethy SN, Syed TH, Kumar A. Evaluation 
of groundwater quality in parts of the 
Southern Gangetic plain using water 
quality indices. Environmental Earth 
Sciences. 2017;76(3):1–15. 
DOI:https://doi.org/10.1007/s12665-017-
6434-y 

15. Aydın O, Türkoğlu N, Çiçek İ. International 
journal of human sciences. Journal of 
Human Sciences. International Journal of 
Human Sciences. 2002;12. 
Available:https://j 
humansciences.com/ojs/index.php/IJHS/ar
ticle/view/3318 

16. Krivoruchko K. Empirical bayesian kriging. 
Esri: Redlands, CA, USA; 2012. 

17. Narany TS, Ramli MF, Aris AZ, Sulaiman 
WNA, Fakharian K. Spatial assessment of 
groundwater quality monitoring wells using 
indicator kriging and risk mapping, Amol-
Babol Plain, Iran. Water (Switzerland). 
2014;6(1):68–85. 
DOI: https://doi.org/10.3390/w6010068 

18. Karami S, Madani H, Katibeh H, Fatehi 
Marj A. Assessment and modeling of the 
groundwater hydrogeochemical quality 
parameters via geostatistical approaches. 
Applied Water Science. 2018;8(1):1–13.  
DOI:https://doi.org/10.1007/s13201-018-
0641-x 

19. Mehrjard RT, Jahromi MZ, Mahmodi S, 
Heidari A. Spatial distribution of 

groundwater quality with geostatistics 
(Case Study: Yazd-Ardakan Plain). World 
Applied Sciences Journal. 2008;4(1):9–        
17. 

20. UNEP. Environmental Assessment of 
ogoniland site specific fact sheets; 2011.  
DOI: https://doi.org/10.3370/lca.2.73 

21. Ngah SA, Ubong IU, Ozoekwe VE. Impact 
of municipal wastes on the water quality 
around rumuola borrow pit, Rivers State, 
Nigeria. International Journal of 
Engineering and Applied Sciences. 2016; 
3(8):84–89. 

22. Satish Chandra D, Asadi SS, Raju MVS. 
Estimation of water quality index by 
weighted arithmetic water quality index 
method: A model study. International 
Journal of Civil Engineering and 
Technology. 2017;8(4):1215–1222. 

23. Kumar D, Alappat BJ. Analysis of leachate 
contamination potential of a municipal 
landfill using leachate pollution Index. 
Workshop on Sustainable Landfill 
Management. 2003;147–153.  
DOI: https://doi.org/10.9790/2402-0211639 

24. Shankar S, Shanker U. Arsenic 
Contamination of Groundwater: A Review 
of Sources, Prevalence, Health Risks, and 
Strategies for Mitigation; 2014. 
DOI: https://doi.org/10.1155/2014/304524 

25. SON, NIS. Nigerian standard for drinking 
water quality, (NIS-554-2015). 2015;1–2.  

_________________________________________________________________________________ 
© 2020 Amah and Agu; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/55682 


