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Abstract: The quality of groundwater is often threatened by both natural and anthropogenic activities of which, infiltration from 
dumpsite is a major one. This study therefore assessed the quality of sub surface water in the vicinities of Olusosun 
dumpsite in Lagos, using multivariate techniques and water quality indices. Groundwater from twenty (20) locations 
was sampled bimonthly over twenty-four months. Physicochemical parameters such as pH, electrical conductivity 
(EC), acidity, alkalinity, total dissolved solids (TDS), total hardness (TH), anions and trace metals were determined, 
using standard analytical procedures. Correlations among the physicochemical variables reveal strong, moderate and 
weak correlations. Multivariate statistical techniques, including principal component analysis (PCA), factor analysis 
(FA) and cluster analysis (CA) helped to identify major variables. 84.9% of the total variance in water quality and 
eight principal components were extracted. Three distinct clusters of wells with distinguishing chemical 
characteristics were also revealed. Olusosun water type was classified as (Na +K)HCO3 and (Na +K)CO3 using piper 
diagram . There is a general minimal chemical contamination; further treatment is however suggested on the water 
around the dumpsite to ensure safety of man. The nitrate concentration build up is becoming more noticeable and 
worrisome, as this portends health risk. 

Keywords: Multivariate statistical techniques, water type, correlation coefficient, Olusosun dumpsite, hydrochemical 
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1. INTRODUCTION 

Water is important to health, well-being and socio economic development of mankind. It is a 
vital need necessary for everyday life. Many societies regard water as an inexhaustible gift of nature 
(Ayodeji et al., 2010). Public health, recreation, fishing, transportation, agricultural and industrial 
activities are some aspects of human’s life that depend on water (Akinbile and Youssuf, 2011). 
However, adequacy in quantity and quality of this life-sustaining resource determines its role in 
human community. The quality of water for instance, influences the choice of water being 
consumed or and used for households chores. Water could serve as a solvent, substrate or catalyst of 
chemical reactions in industry, depending on its quality (Goncharuk, 2008). In Africa and Asia, 
hundreds of millions of people rely solely on underground source of water and will continue to do 
so for many years to come (WHO, 2000). About 8.3 million residents in Lagos (62.6% of the state 
population) and some industries lack access to pipe borne water, thus depend solely on groundwater 
(shallow, hand dug wells and boreholes) for their domestic and industrial use. The quality of 
groundwater accessed by the citizens is most times objectionable.  

The quality of groundwater in an area is a function of land use pattern (Osibanjo and Majolagbe, 
2012) and consequently the types of pollution the water resources are exposed to. The various 
possible sources of pollution to groundwater include domestic and industrial residential effluents, 
agricultural chemicals and fertilizers, soil erosion, oil spills and leakages, mining activities, 
infiltration from dumpsites and salt water intrusion (Okoronkwo et al., 2006; Longe and Enekwech, 
2007). Studies have also shown that the quality of groundwater can also be influenced by 
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precipitation, geological formation of an area, mineralogy of the watershed and aquifers, climate 
and topography. Each year, about two million people die globally of water related diseases (Ayeni, 
2011), as a result of poor sanitation and contaminated water, of which ninety percent (90%) are 
children (Okoli et al., 2013). 

Various approaches have been employed in quality assessment of groundwater. These 
approaches include experimental determination (Physicochemical assessment) of the contaminants 
(Longe and Enekwechi, 2007; Okoli et al., 2013), estimation through mathematical modeling and 
simulation including PhreeqC model (Magnus and Achi, 2011; Parkhurst and Appelo, 2013), 
geophysical methods (Adepelumi, 2008; Adegbola, 2012), use of multivariate analytical methods 
and water quality indices (Reza and Singh, 2010; Srinivas and Nageswarara,	 2013). The use of 
multivariate analytical techniques is becoming more popular in assessment of physicochemical 
parameters of water and has been reported as effective evaluation with respect to space and time 
(Palma et al., 2010). The most common multidimensional data analytical techniques are cluster 
analysis (CA), factor analysis (FA), principal component analysis (PCA) and discriminant analysis 
(DA). The application of different multivariate statistical techniques facilitates interpretation of 
complex data matrices thereby appreciating the water quality and other environmental phenomena 
(Yidana, 2010). 

PCA expresses the association between variables and reduce dimensionality of data structure. It 
involves transformation of the original variables into new uncorrelated ones called principle 
components (PCs) (Jackson, 1991). The numbers of PCs equals to number of original variables and 
each PC comprises the entire measured water quality variables. There are several criteria are used to 
identify the number of PCs to be retained in order to understand the underlying data structure 
(Jackson, 1991). PCs, having the eigenvalue greater than unity, are retained during the analysis. An 
eigenvalue gives a measure of the significance of the factor and factors with the highest eigenvalue 
are the most significant (Shrestha and Kazama, 2007). Principal components are classified into 
“strong”, “moderate” and “weak”, corresponding to loading values of > 0.75, 0.75 - 0.50 and 0.50 - 
0.30, respectively (Oketola et al., 2013). FA helps reduce the contribution of less significant 
variables in order to simplify even more of the data structure coming from PCA (Mrklas et al., 
2006). 

Cluster analysis (CA) was also performed using SSPS wizard linkage to identify wells 
dissimilarities in water chemical quality characteristics. It helps reveal some inherent common 
trends in pictorial forms (dendrogram). PhreeqC model among other things helps generate 
Saturation indices (SI), which are used to evaluate the degree of equilibrium between water and 
minerals (Adepelumi, 2008). Changes in saturation state are useful to distinguish different stages of 
hydrochemical evolution and help identify which geochemical reactions are important in 
influencing water chemistry (Coetsiers and Walraevens, 2006). SI less than zero, indicates that the 
groundwater is undersaturated with respect to that particular mineral while SI greater than zero 
indicate supersaturation. 

This study was therefore designed to evaluate the quality status of groundwater around a major 
active Olusosun dumpsite in Lagos, so as to know the impact of dumpsite activities on groundwater, 
using multivariate analytical techniques, water quality indices and PhreeqC model. This will help in 
evolving needed measures and policies to ensure sustainable environment. 

2. EXPERIMENT 

2.1 Description of the study area  

Olusosun refuse dumpsite is a controlled dumpsite located between longitude 3o 37' E to 3o 74' E 
and latitude 6o 58' N to 6o 59' N in Ojota, Lagos state. It is the largest dumpsite facility in Nigeria of 
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about 18 meters deep and covers close to 42 hectares of land. Olusosun refuse dump was 
established in 1988 with a life span of 35 years. The dump is surrounded by Oregun industrial 
layout, Olusosun residential area, Shangisah residential area and commercial (Ketu) neighborhood 
(Figure 1). It receives an average of 1.2 million tons of wastes annually and is presently serving as a 
pilot project for biogas production in Nigeria (LAWMA, 2008). 

2.2 Sampling  

Groundwater samples were collected from twenty (20) locations around the dumpsite for physico 
– chemical and trace metal analyses. Sampling was done once in two months, for two years. The 
samples were represented as OSW 1 – OSW 20. The sampling was done by first rinsing the 
prewashed plastic with the water sample before filling, as suggested by Onianwa et al., (1999). Two 
samples (1.5 L and 0.75 L for physico –chemical parameters and trace metals respectively) were 
taken from each location. The 0.75 L water samples were preserved with 1.5 ml of concentrated 
HNO3 (Analar grade) per liter of water sample. Blank samples were collected and treated in the 
same way as the other water samples (APHA/AWWA, 2005). The collected samples were stored in 
an ice box, transported to the laboratory, refrigerated (4oC) until analysis.  

2.3 Sample chemical analyses 

The pH, electrical conductivity (EC) and temperature of the groundwater samples were 
determined in- situ. Temperature was estimated using thermometer (0 – 100 oC). Evaluation of EC 
and pH were carried out electronically using conductivity meter (Mettler Toledo) and pH meter 
(pHep HANNA HI 98107) respectively. Alkalinity and acidity were determined titrimetrically 
(APHA/AWWA, 2005), total hardness by complexomertry (APHA/AWWA, 2005), Total 
suspended solids (TSS), dissolved solids (TDS) and total solids (TS) by gravimetry 
(APHA/AWWA, 2005), Chloride by silver nitrate method (APHA/AWWA, 2005), sulphate by 
turbidimetric method (APHA/AWWA, 2005) phosphate by colorimetric and nitrate by phenol 
disulphonic acid method (APHA/AWWA, 2005), Determination of cations: Na+, and K+ were done 
with flame photometer while the rest of the trace metals analysed were carried out employing Flame 
Atomic Absorption Spectrophotometry (Buck scientific 210VGP model) (ASTM,2001; 
APHA,2005). 

2.4 Data Treatment and Analysis 

Descriptive statistics of water quality data generated was carried out using software package 
Statistics 20. Correlations efficiency was performed in a pair wise fashion employing Pearson 
correlation procedure. Multivariate analyses; Principle component analysis (PCA), factor analysis 
(FA), and cluster analysis (CA) were carried out using the statistical package for Social Sciences 
Software (SPSS) statistics 20. PhreeqC Analysis was also performed using PhreeqC 2.18 version.  

Some chemical quality indices were further used on data analysis. These indices include sodium 
absorption ratio (SAR) and permeability index (PI).  

i. Sodium adsorption ratio (SAR):   
SAR = Na / [(Ca+ Mg) / 2]1/2    (Subramani, 2005) 

   where, all ionic concentrations are expressed in meq/l.  
ii. The permeability index (PI)   

 P I= 100 × [([Na] + [HCO3]1/2) / [Na] + [Ca] + [Mg]  (Elkrai, 2004) 
    where, all the ions are expressed in meq/l.  
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Figure 1: Sampling locations around Olusosun dumpsite in Kosofe local Government 

3. RESULTS AND DISCUSSION 

3.1 Physicochemical characteristics of groundwater 

The results of physico-chemical analysis of groundwater collected around Olusosun dumpsite are 
presented in Table 1. The correlation coefficient among pairs of physicochemical variables and 
trace metals are presented in Table 4. The pH mean values were 5.26 ± 0.46 and 6.3 ± 0.81, while 
the values ranged from 3.9 to 7.1 and from 4.1 to 7.5 for dry and wet season respectively .The 
acidic nature of Lagos water is probably as a result of high volume of CO2 in atmosphere.The water 
thus requires further treatment for it to be potable (i.e. with pH betweeen 6.5 and 8.5). About 33.5% 
of Olusosun samples analysed had pH value wihin the WHO allowable rangeof 6.5- 85. The neutral 
pH value observed in some samples could be as a result proximity of locations of the wells to a big 
drainage nearby, that bound ketu market, hence infiltration of canal water, result in the changing of 
pH. The values of total alkalinity were 144 ± 91 and 135 ± 83 mg/L for dry and wet seasons 
respectively. The electrical conductivity (EC) value of Olusosun wet and dry season for the two 
years were 0.9 ± 0.61 and 0.78 ± 0.32 mS/cm. The EC values range from 0.315 to 1.89 mS/cm and 
from 0.210 to 1.63 mS/cm for dry and rainy periods respectively. The mean values of total 
dissolved solids (TDS) for dry and rainy season were 411 ± 190 mg/L and 395± 210 mg/L. The 
range of values for TDS in Olusosun groundwater was 122 - 848 and 202 - 802 mg/L for dry and 
wet seasons respectively.  

This observation could be attributed to the age of dumpsite, type and possibly the nature of 
municipal solid waste the dumpsite receives. All water samples collected from the study area had 
TDS value within fresh water range and below the WHO acceptable limit of 1000mg/L for drinking 
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water. Total hardness values of groundwater in Olusosun range from 4.91 to 135 mg/L and from 
5.01 to 135 mg/L for dry and wet seasons, while the mean values were 41.2 ± 36 and 48.8 ±41 
mg/L for rainy and dry seasons respectively. The higher concentration of TH in wet season could 
indicate contribution from urban runoff. The results are higher than result of similar study in Lagos 
(Ikem, 2002) but very close to another Lagos groundwater study by Majolagbe et al. (2011). The 
Olusosun water was classified along with Sawyer and Cathy water classification (Aghazadeh, 2010) 
as shown in Table 2.  

The sulphate values in groundwater for dry and rainy season were 22.4±19 and 19.6 ± 22 mg/L 
respectively. The range of value for dry season were minimum of 9.27 mg/L and maximum of 69.4 
mg/L, while minimum of 8.91mg/L and maximum of 64.9 mg/L for rain season. The level of SO4

2- 
in groundwater under investigation could be traced to geological nature of the water containing rock 
or soil. Vehicle emission might also have contributed to the SO4

2- concentration in an environment. 
Though the sulphate level in water analysed were all below WHO (2006) maximum limits of 250 
mg/L, but excessive intake of SO4

2- can lead to diarrhea and hydration.  
The phosphate values range from 0.66 to 0.98 mg/L (dry season) and from 0.07 to 0.94 mg/L 

(rainy season) while the mean values were 0.39 ± 0.26 and 0.44 ±0.32 mg/L in dry and rainy 
seasons respectively. The sources of phosphate in groundwater include leachate from dumpsite, 
urban runoff and agriculture practices in the area. The values recorded in the wet period were lower 
than the corresponding dry season, possibly due to large water dilution during the rainy season. The 
low concentration of phosphate indicates low level of detergent pollutant from the dumpsites. 

The average concentration of nitrate in Olusosun observed was relatively. The nitrate mean 
values for dry and rainy season 13.9 ± 6.4 and 11.6 ±5.8 dry and wet seasons respectively. The 
range of nitrate value for both rain and dry season were 7.45 – 48.46 and 7.51 – 35 mg/L 
respectively. The nitrate values in about 12% of the water samples analysed exceeded the 10 mg/L 
acceptable limit by WHO and Nigeria drinking water standard (NSDQW, 2007), this portends great 
danger. The health effect of excess nitrate includes death of infant of about age six (due to high 
level of reduction of nitrate to nitrite by gastric bacteria), while shortness of breath in adult and 
methaemoglobinaemia otherwise called “blue baby syndrome” have also implicated in elevated 
nitrate concentration (Oketola et al., 2013). 

Generally, the sources of nitrate in groundwater include domestic sewage, run off from urban 
and agricultural field and leachate from landfill site (Sanjay, 2010). The highest nitrate 
concentration was observed in groundwater sample with close proximity to the dumpsite. Hence, 
the leachate from the refuse dump might possibly be responsible for the high nitrate level observed. 

The chloride mean values for dry and rainy season respectively were 68.2 ± 34 mg/L and 75.1± 
21 mg/L. The chloride values in dry and rainy season range from 19.9 to 142 and from 21.0 to 183 
mg/L respectively. The result generally though revealed low chloride value, pointing at potability of 
the water samples analysed but, 27.5% and 15% of water samples in rainy and dry seasons 
respectively exceeded the 250 mg/L WHO allowable chloride limits for drinking water. Chloride 
concentration of 40 mg/L was used to indicate salt-water intrusion and chloride concentration 
greater than 100 mg/L was classified as zone of diffusion. Therefore, it suggests that about 15% of 
wells sampled are not free from salt-water intrusion. Other possible sources of high chloride in 
environment include seepage from septic tanks, and domestic effluent, from particularly wells 
sampled in residential areas, since NaCl is a common article of diet and passes through digestive 
system. Coefficient of variation (CV) of chloride (41 – 78.5) indicate high consistent of chloride 
values. 

Zinc is an essential trace element found virtually in all food and potable water. It is necessary in 
minimal quantity for animal and plant metabolism. However, a high level of zinc often results in 
zinc toxicity, which may cause cancer in the body system. The mean concentrations of element zinc 
in the groundwater samples areas under investigation (Table 1) were 0.593 ± 0.38 mg/L and 0.607 ± 
0.46 mg/L for dry and wet season respectively. The range values of zinc concentration in the water 
analysed were between 0.124–1.91 mg/L for dry season and between 0.122–1.85 mg/L for wet 
season respectively. The results obtained from the study were higher than the EEC maximum 
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allowable limit of 0.1 mg/L guideline value by Canadian Authority (CCME, 2003). 
 

Table 1: Seasonal physicochemical characteristics of groundwater in Olusosun dumpsite area 

Variables Unit Dry season Rainy season WHO Min Max Mean SD CV%  Min Max Mean SD CV% 
pH  3.90 7.10 5.26 0.46 1.8  4.1 7.50 6.3 0.81 1.36 6.5-8.5 
Temp. oC 24.8 27.4 25.5 0.92 17.3  23.9 25.7 25.0 0.53 21.3  
Alkalinity mg/L  23.5 378 144 91 63.2  21.7 375 134 83 64.6  
Acidity  mg/L 13.4 154 55.9 37 66.6  11.4 135 122 80 73.5  
TH mg/L 4.34 135 48.8 36 79.2  5.01 127 43.2 41 75.9 500 
EC mS/cm 0.32 1.68 0.90 0.61 44.7  0.31 1.71 0.78 0.32 56.2 1.4 
TDS mg/L 122 848 411 190 47.8  202 807 395.0 214 49.0 1000 
TSS mg/L 114 549 350 150 42.6  137 583 366 150 41.3  

TS mg/L 323 1420 777 310 37.3  325 1230 762 290 37.8 1000 
PO4

3-  mg/L 0.066 0.930 0.326 0.26 66.7  0.003 0.819 0.359 0.32 1.3 5 
SO4

2-  mg/L 9.27 69.9 22.4 17 76.6  6.5 65.0 19.6 22 142 400 
NO3

-  mg/L 7.60 35.6 13.9 6.4 47.0  8.56 32.4 11.6 5.8 47.9 10 
Cl-  mg/L 19.9 142 68.2 34 50.5  20.0 124 75.1 21 59.1 250 
Cu  mg/L 0.021 0.178 0.0935 0.035 37.8  0.011 0.233 0.079 0.05 63.3 1.5 
Ni mg/L 0.012 0.077 0.0325 0.019 58.6  0.011 0.071 0.028 0.021 71.4 0.015 
Pb mg/L - 0.002 0.001 0 0  - 0.001 0.001 0 0 0.001 
Cd mg/L 0.001 0.010 0.006 0.004 68.6  0.001 0.016 0.005 0.003 60 0.003 
Fe mg/L 0.657 23.3 12.0 7.5 63.0  0.519 21.1 11.6 7.3 63.0 0.3 
Zn mg/L 0.124 1.91 0.593 0.38 97.4  0.122 1.85 0.571 0.46 98.1 3.0 
Mg mg/L 3.21 32.3 11.7 8.9 82.2  3.63 31.3 10.1 8.7 83.4 0.5 
Na mg/L 12.7 499 178 130 72.6  10.1 525 192 142 73.1 200 
K  mg/L 9.49 44.3 26.9 9.5 38.9  8.98 45.1 24.0 8.3 38.8  
Ca mg/L 1.001 245 59.8 61 115  1.001 222 55.3 45 19.8  
Min - minimum, Max - maximum, SD - standard deviation, CV – coefficient correlation, TDS – Total dissolved solids, 
TSS – Total suspended solids, TS – Total solids, EC – conductivity, TH – Total hardness 

 
Table 2: Classification of water samples analysed based on hardness values. 

Site Very soft (%) Soft (%) Moderately hard (%) Hard (%) Very hard (%) 

Olusosun 45.0 (50.0) 33.3 (30.0) 26.7 (20.0) 0(0) 0(0) 

ND: Dry season percentages are in parenthesis 
 
The lead values ranged between ND – 0.002 mg/L with value of 0.001 ± 0.0 mg/L for dry season 

and between ND – 0.001 mg/L with value of 0.001 ± 0.0 mg/L for wet season in Olusosun. About 
71.6% of the entire water samples analysed had non-detectable value, as a result of 0.001mg/L 
detection limit of the instrument. 2.5% of Olusosun water had value above the WHO acceptable 
limit of 0.001mg/L of Lead in drinking water. Lead is used principally in the manufacturing of lead 
acid battery and alloys. It gets into the environment through wastewater or solid waste disposal. 
Due to the phasing- out of extensive use of lead anti-knock and lubricating agent in petrol, there is a 
decline in the concentration of Pb in air and food. Thus, drinking water remains a major source of 
total intake. The households plumbing system made of lead or alloy could be another possible 
source, though its dissolution depends on several factors such as pH, temperature, hardness of water 
and its contact time.  

Lead is generally toxic; it accumulates in kidney and skeleton. Children up to the age 6 years and 
pregnant women are most susceptible to its adverse effects. It inhibits the activity of d-amino 
laevulinic dehydrate thereby affecting the intelligence quotient in infant, renal tumor and 
carcinogenicity in adults are some other side effects (WHO, 2006). 

The concentrations of cadmium were 0.006 ±0.004 and 0.005±0.003 (mg/L) for dry and rainy 
season respectively. The range values of cadmium concentration in the water analysed were 
between 0.001 – 0.010 mg/L and between 0.001 and 0.016 mg/L for both dry and wet seasons. The 
metal is used in the production of dry cell batteries. It is released to the environment in wastewater. 
Leachate from dumpsite contributes greatly to the cadmium concentration in the environment and 
food, particularly the agricultural produce is the other source of Cd. Smoking of cigarettes also 
constitutes another source of cadmium. 33.8% (dry season) and 45% (rainy season) for Olusosun 
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groundwater samples investigated had mean values above the WHO acceptable limit of 0.003 mg/L 
of cadmium in drinking water. Cadmium is carcinogen, though there is no evidence of 
carcinogenicity on oral route (WHO, 2006). High concentration of Cd can cause to cancer of 
kidney, development of hypertension and vascular disease. It also inhibits enzymes such as 
adenosine thiophosphate and amylase. 

The copper concentrations in Olusosun groundwater were 0.094± 0.35 and 0.084±0.05 mg/L for 
dry and rainy season respectively. The copper values range from 0.012 to 0.179 mg/L and from 
0.011 to 0.283 mg/L for dry and wet seasons respectively. Unlike the trend in which the dry season 
value has higher concentration than the corresponding wet season, the copper concentration in wet 
season was observed higher than the dry season. None of the sample analysed had value above the 
WHO acceptable limit of 1.5 mg/L of copper in drinking water.  

Copper is both an essential nutrient and a toxic element, depending on the level of its 
concentration. It acts as co-factor role in specific cupro- enzymatic reaction. The highest copper 
concentration observed in Olusosun groundwater samples was 0.283 mg/L during rainy season, this 
indicates a possible source of urban fun off. High concentration of copper can cause gastrointestinal 
irritation in man. The sources of copper in groundwater include leachate from landfills, run off from 
agricultural field and geochemical composition of the soil/rock holding the water. 

The range of Ni concentration in Olusosun groundwater was 0.012 – 0.077 mg/L with mean 
value of 0.033± 0.019 mg/L for dry season and range of 0.01- 0.07 with mean value of 0.039 ± 
0.021 mg/L for wet season. 77.5% and 85% of water samples collected in wet and dry season 
respectively exceeded the health based guidelines of 15 µg /L by World Health Organisation, 
allowed in drinking. Nickel in groundwater may arise from leaching from Nickel/ Chromium plate 
and also from stainless steel pipe. Nickel is carcinogen and recent studies have shown that, long 
exposure to Nickel can affect the growth and performance of male and female reproductive system 
as well as development of offspring.  

The concentration in the water analysed ranged between 0.534 – 23.3 mg/L with 12.0 ± 7.5mg/L 
as mean value for dry season and 0.519 – 21.1 mg/L with mean value 12.0 ± 7.2 mg/L for wet 
season in Olusosun. The rusting of water pipes often resulted in unnecessary high level of iron “red 
water”. Other major sources of iron include nature of rock and soil which house the particularly the 
igneous rock, leachate from refuse dumps, industrial waste, and seepage from septic tank in 
residential areas. Iron is an essential element for human system; it helps in formation of hemoglobin 
which is important during pregnancy and lactation. However, the toxicological concerns are 
important in terms of accidental exposure and iron overload. It could cause idiopathic 
hemochromatosis in man and excess dietary iron (WHO, 2006). The element Iron is abundant in 
Earth crust. About 80% and 84.6% of the Olusosun groundwater samples in wet and dry seasons 
respectively analysed had iron levels above the WHO acceptable limit of 0.30 mg/L of iron in 
drinking water. The consistent high coefficient of variation value (CV), indicate other possible 
sources of iron in the groundwater system under investigation.  

The concentrations of sodium in the groundwater under investigation (Table 1) were 178 ± 130 
mg/L and 192 ± 140 mg/L for dry season and rainy season respectively. The range values of sodium 
concentration in the water analysed were between 12.7 – 499 mg/L for dry season and between 10.1 
– 525 mg/L for wet season. Calcium concentrations were 59.8 ± 61 and 55.3 ± 45 (mg/L) for dry 
and wet season respectively. The range values of calcium concentration in the water analysed were 
between 1.01 – 245 mg/L for dry season and 1.001 – 222 mg/L for wet season. Magnesium values 
were 11.7±8.9 mg/L and 10.1±8.7 mg/L for dry and wet seasons respectively. The range values of 
magnesium concentration in the water analysed were between 3.12 – 32.3 mg/L for dry season and 
3.63– 31.3 mg/L for wet season. Potassium mean values were 26.9±9.5 mg/L and 24.0±8.3 mg/L 
for dry and rainy season respectively. The range values of potassium concentration in the water 
analysed were between 9.49 – 45.0 mg/L for dry season and between 8.98 – 45.1 mg/L for wet 
season.  

The extents by which some of the water quality parameters observed exceeded the WHO 
guidelines are expressed as exceedance level. This level is calculated as ratio of mean concentration 
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of each water quality variable to respective guideline values and expressed with no unit (Khatiwada, 
2002). The exceedance level of variables such as nitrate, lead, iron, cadmium and magnesium are 
presented in Table 5. This approach according to Saroj (2010) has effectively visualized the levels. 
The order of levels of different water quality parameters in relation to the non-uniform increase in 
exceedance value in Olusosun groundwater sample was Mg>Fe>Cd> NO3

- -N >Pb. 
 

Table 3: Exceedance levels of Olusosun groundwater parameters with respect to WHO. 

Dumpsite Season NO3
- Cd Pb Mg Fe 

Olusosun Wet season 1.84 1.8 1.0 20.9 11.4 
Dry season 1.10 1.8 1.0 21.3 11.6 

3.3 Correlations among quality parameters 

Chemical associations and overall coherence of the water physiochemical parameters measured 
were examined using Pearson correlation coefficient. Correlation coefficients values for Olusosun 
groundwater are shown in Table 4. Correlations of the parameters in the groundwater sample 
analysed using Hatva scales. Correlation coefficient (P < 0.05) shows varying relations among 
variables.  

The pH has moderate correlation with magnesium (r2 = 0.53) and negative chemical association 
with other quality variables, a situation Helena et al.(2000) described as aggressiveness towards 
water containing rock and soil. There is a strong correlation between TS and EC (r2 = 0.9), TS and 
TDS (r2=0.91), as well as between TS and TSS (r2 =0.83). This indicates a common source to all 
these quality variables and non anthropogenity of the source of these elements in groundwater 
(Saroj, 2010). Magnesium moderately correlates with Ca (r2 = 0.57) and with Cd (r2 = 0.50). 
However, nickel was observed having negative moderate correlations with Fe (r2 = -0.54) and with 
Zn (r2 = -0.65). 

3.4 Classification of groundwater 

The concentrations of major cations and anions are plotted on piper diagram to determine the 
groundwater type (Figure 2). Piper diagram classifies the Olusosun water type as (Na +K) HCO3 
and (Na +K) CO3. This reveals dominance of “domicile” anion HCO3, an indication of natural 
environment, however, there is relative involvement of other anions such as SO4

2-, Cl- and NO3
-, 

going by the physicochemical results (Table 1), indicating clearly the contribution of dumpsite on 
groundwater quality. 

3.5 Multivariate analysis 

Olusosun physicochemical data was subjected to factor analysis (FA). The FA performed 
extracted eight major PCs (eigenvalues greater than 1) which accounted for 84.9% of variability of 
the original data complex structure (Table 5). PC 1 accounted for 23.6 % of the total variance which 
is contributed positively by acidity, TDS, TSS, total hardness, electrical conductivity, Zn and Pb. 
The high concentration of EC value is probably as a result of involvement of ions in the 
groundwater quality.  

Chloride is the only anion that contributed significantly to the PC1 and this indicates pollution 
from domestic source. The major variables constituting the PC1 are alkalinity (HCO3

-) along with 
Na and Ca which have negative high values. This according to Cieszynska et al. (2012) is an 
indication that variables are related to the hydrochemical originating from mineralization of 
groundwater.  

PC2 accounted for 14.9% of the total variance, with positive contributions from variables such as 
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acidity, electrical conductivity, TH, TSS, Cl- and SO4
2-. Fe, Zn, Na significantly participated in the 

PC 2.  
11.5% of the total variance was explained by PC3. PO4

3- and SO4
2- are major variables players in 

the PC3, an indication that the water samples analysed is polluted mainly by detergent substances. 
Sulphate could also be generated from geological formation of the aquifer. PC4 accounted for 
10.6% of the total variance making the cumulative to be 60.6%. The pH is the highest contributor in 
PC4, followed by Mg and SO4

2-. The following cations: Na, Ca and K also contributed significantly 
to PC 4. These metals are nutritional, and they are required in varying quantity for human body 
functioning. There appeared different sources of the trace metals, which point at anthropogenic 
influence on the quality of water under investigation. PC5 and PC6 accounted for 8.12% and 6.22% 
respectively of the entire variance. K, Ca, NO3

-, Cu and Pb contributed positively in PC 5 while 
electrical conductivity, NO3

-, Cu, Cd and Fe played major roles in PC 6. The participation of NO3
- 

in PC 5 and PC6 distinguished them from other PCs retained by factor loadings. 
Nitrate is known to cause methemoglobinemy, a baby syndrome involving serious disturbance 

blood-oxygen exchange. This often leads to production of nitosamine and consequently 
carcinogenic cells in adult (Boumediene and Achour, 2004). PC7 accounted for only 4.96 of the 
total variance, which is mainly participated by conductivity, TSS, Cl, PO4

3-, Cd and Fe.  
 

Table 4: Correlation coefficient of physicochemical variables and metals in groundwater from Olusoun dumpsite area. 

 pH Temp Alkal Acid TH CND TDS TSS TS CL PO4 NO3 SO4 Cu Ni Pb Cd Fe Zn Mg Ca Na K 

pH 0.000                       

Temp -0..350 0.000                      

Alkal -0.380 -0.060 0.000                     

Acid 0.277 -0.335 0.160 0.000                    

TH -0.214 -0.182 0.387 0.731 0.000                   

CND 0.092 -0.142 0.209 0.260 0.227 0.000                  

TDS 0.072 -0.128 0.172 0.243 0.260 0.980 0.000                 

TSS -0.030 0.086 0.243 0.451 0.525 0.526 0.546 0.000                

TS 0.051 -0.056 0.212 0.360 0.400 0.882 0.907 0.828 0.000               

Cl -0.048 -0.459 0.393 0.254 0.257 0.112 0.105 0.173 0.166 0.000              

PO4 -0.204 0.413 -0.178 -0.078 -0.305 -0.383 -0.415 -0.297 -0.425 -0.191 0.000             

NO3 0.003 -0.209 -0.155 -0.332 -0.243 -0.069 -0.111 -0.343 -0.262 0.216 -0.279 0.000            

SO4 0.314 0.075 0.010 0.363 0.230 -0.334 -0.345 0.343 -0.072 0.020 -0.124 -0.093 0.000           

Cu 0.008 -0.099 -0.208 -0.258 -0.284 0.029 0.026 -0.439 -0.199 0.020 -0.049 0.312 -0.288 0.000          

Ni 0.243 -0.255 -0.163 -0.253 -0.395 -0.205 -0.157 -0.538 -0.323 -0.136 0.122 -0.020 -0.341 0.185 0.000         

Pb 0.359 -0.273 -0.066 0.206 -0.119 -0.046 -0.107 -0.158 -0.149 0.057 0.219 -0.045 -0.013 -0.013 0.296 0.000        

Cd 0.197 -0.017 -0.337 -0.285 -0.440 -0.231 -0.191 -0.429 -0.272 0.209 0.320 0.168 -0.184 0.293 0.363 -0.140 0.000       

Fe -0.129 -0.174 0.112 0.422 0.506 0.146 0.110 0.149 0.094 0.162 -0.244 0.022 0.205 -0.037 -0.541 -0.336 -0.261 0.000      

Zn -0.393 0.462 0.287 0.444 0.588 0.290 0.274 0.562 0.429 0.058 0.118 -0.279 0.169 -0.190 -0.649 -0.148 -0.391 0.371 0.000     

Mg 0.474 -0.012 -0.139 0.023 -0.290 -0.217 -0.244 -0.190 -0.236 0.204 0.409 -0.143 0.038 -0.126 0.206 0.484 0.501 -0.190 -0.184 0.000    

Ca 0.271 0.037 -0.048 -0.115 -0.342 -0.287 -0.338 -0.534 -0.458 -0.011 0.197 -0.020 -0.260 -0.096 0.376 0.286 0.215 -0.106 -0.282 0.572 0.000   

Na 0.081 -0.207 0.196 0.448 0.243 0.030 -0.004 0.042 -0.025 0.344 0.310 -0.319 -0.042 0.015 0.190 0.376 -0.198 0.115 0.161 0.252 0.191 0.000  

K -0.581 -0.143 0.262 -0.297 0.068 0.212 0.236 -0.082 0.132 0.251 -0.103 0.357 -0.523 0.190 0.090 -0.364 0.171 -0.154 -0.114 -0.516 -0.369 -0.214 0.000 

 
Generally, contamination of groundwater by trace metals is considered from anthropogenic 

effect (Cieszynska et al., 2012). However, these elements have no chemical correlation, indicating 
divergent sources of origin. Therefore, aside the usual contribution of geochemical formation of the 
aquifer under study, the probability of pollutant from refuse dump cannot be ruled out. The major 
cations and anions constituting PC7 are Na, Mg, PO4

3- and HCO3
-, indicate mineralization in the 

groundwater. The PC8 of the Olusosun groundwater analysed explained only 4.92, making the 
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cumulative variance to be 84.8%. The PC revealed participation of variables such as HCO3
-, TS, 

TDS, Cl- SO4
2- and Fe. 

 

Figure 2: The piper diagram showing chemical evolution of groundwater in the study area. 

3.6 Cluster analysis 

Cluster analysis was performed using wizard linkage to identify groundwater that had similar 
water chemical quality characteristics. It helps reveal some inherent common trends in pictorial 
forms. The dendrogram of hierarchical cluster analysis as presented in Figure 3 shows three clusters 
for Olusosun groundwater. The clustering of wells indicates that water qualities of groundwater 
varied in ways to suggest the influence of both natural (geochemical formation of the environment) 
and anthropogenic sources which include the pollutants from refuse dumpsite. This according to 
Chen et al. (2007) indicates variation of water quality between seasons.  

Cluster I comprises of wells 1, 2, 4, 8, 10, 7 and 9. The wells are all located on the eastern sides 
of the dumpsite and across the Ikorodu road. The wells, scattered in the upstream of the dumpsite, 
split into subgroup based on the chemical characteristics of the water from the wells. Wells 1, 2 and 
4 (sub group A) have mean values of the anions: PO4

3-, Cl- and NO3
- as 0.58, 50.6 and 13.6 mg/L, 

respectively. The sub group B (8, 10, 7 and 9) has 0.43, 57.1 and 16.9 mg/L for respectively for 
PO4

3- , Cl- and NO3
-. The chloride level in this region indicates contribution from both dumpsite and 

probably the canal that bound Ikosi – ketu side of the dumpsite. The pH is another variable that 
further reveal the contribution of canal, for sub group A is more acidic (pH = 4.6) than sub group B 
with pH value of 6.0. Cluster I is the least polluted region going by the concentrations of variables. 

Cluster II is made up of wells 5, 6, 15, 16 and 17. The wells are located on the northern sides of 
the dumpsites and spread up to Shangisha residential layout. The wells (upstream) split into two: 5 
and 6 comprising of subgroup A and 15, 16 and 17 for sub group B. The inclusion of total dissolved 
solids distinguished this cluster from others. The TDS mean value for subgroup A was 794 mg/L 
while subgroup had 560 mg/L. TSS values were similarly the highest for this cluster. However, this 
cluster is less acidic than cluster I, possibly as a result pollutant input from other anthropogenic 
sources. This cluster depicts the moderately polluted region of the study area.  

 

      OWS (Olusosun water) 
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Table 5: Factor loading and eigenvalue of principal component analysis for Olusosun dumpsite 

Variable Components 
PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 

pH .103 -.217 .082 .893 .230 .132 -.035 .051 
Temp -.043 .089 -.214 -.154 -.611 -.147 -.010 -.586 
Alkalinity .017 .170 -.346 -.375 .018 -.515 .094 .488 
Acidity .348 .461 .258 .317 .115 -.159 .477 .275 
Total hardness .332 .585 .243 -.162 .149 -.323 .272 .264 
Conductivity .793 .085 -.403 -.057 .326 .067 .050 .036 
Total susp. solids .832 .039 -.354 -.081 .350 .059 .051 .007 
Total dis. solids .780 .276 -.012 .090 -.159 -.450 -.004 .085 
Total solids .930 .100 -.224 .002 .123 -.177 .017 .065 
Cl .081 .099 -.055 -.041 -.023 .052 .077 .920 
PO43- -.296 -.194 .050 -.082 -.557 .140 .568 -.241 
NO3- -.201 .008 .118 -.142 .090 .400 -.616 .291 
SO42- .004 .349 .466 .493 -.281 -.343 -.222 .072 
Cu -.073 .022 -.199 -.127 .043 .831 -.102 .015 
Ni -.260 -.768 .105 .028 .281 .152 .244 .003 
Pb .224 .029 -.060 -.063 .773 -.067 .070 -.065 
Cd -.175 -.395 -.082 .208 -.268 .626 .063 .256 
Fe -.037 .853 .086 .022 .290 .090 .065 .080 
Zn .374 .650 -.073 -.184 -.431 -.191 .275 -.079 
Mg -.277 -.254 -.268 .629 -.266 .050 .310 .222 
Ca -.644 -.189 -.390 .339 .087 -.046 .234 .031 
Na -.061 .089 .024 .075 .109 .010 .814 .277 
K 
Eigenvalues 
TV (%) 
CV (%) 

.189 
5.90 
23.6 
23.6 

-.252 
3.73 
14.9 
38.5 

.051 
2.87 
11.5 
50.0 

-.828 
2.65 
10.6 
60.6 

.093 
2.03 
8.13 
68.8 

.181 
1.56 
6.23 
75.0 

-.185 
1.24 
4.97 
79.9 

.274 
1.23 
4.92 
84.9 

 
The cluster III comprises of eight well: 3, 11, 12, 13, 14, 18, 19 and 20. It is the most polluted 

region of the study area. The wells are scattered on the southern side of the dumpsite and extend to 
the Oregun industrial and Olusosun residential area. The wells constitute the downstream sampling 
points. The cluster III is further split into three sub groups with different chemical characteristics. 
Sub group A has 3, 13 and 14; sub group B has 11 and 12 while sub group C consist of wells 18, 19 
and 20. The cluster had the highest chloride level, indicating contamination possibly from dumpsite 
as well as seepage from septic tanks from residential area. The pH of sub group A is neutral and 
within the WHO allowable range.  

 

Figure 3. Dendrogram showing clustering of 20 wells plotted for groundwater samples in Olusosun area.  
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3.7 PhreeqC Analysis 

The data obtained (Table 1) was fitted into PhreeqC model to generate saturation indices (SI) to 
reveal the degree of equilibrium between groundwater and minerals in the aquifer. The SI was 
expressed in two different modes, minteq and wattq4f mode. The dominant ions illustrated in piper 
diagram might be as a result of ion exchange and solubulisation in the aquifer. This solubulisation, 
with the acidic nature of the water under investigation and low average EC Value as well as relative 
elevated levels of TDS, allows moderate mineral dissolution. The intensity of soluble minerals is 
expressed as saturation index. Generally, the SI values of individual phase are greater in magnitude 
in minteq mode (Table 6) than the corresponding value in wattq4f mode. The SI values of the 
phases in minteq mode put nearly all the water samples in condition of saturated to supersaturated 
in respect of gypsum, anhydrite, calcite, dolomite and aragonite in Olusosun groundwater, 
suggesting that these carbonate mineral phases may have influenced the chemical composition of 
the study area. There is similar observation in wattq4f mode except for the anhydrite whose SI 
value is less than Zero, indicating undersaturated condition. The SI results may also be attributed to 
extensive water logging of an area which, according to Ito et al. (2001), can promote contamination 
of trace metals in the groundwater. 

3.8 Application of water quality indices 

The Sodium adsorption ratio (SAR) result for Olusosun groundwater shows that 30% of the 
water samples analysed falls in excellent range (p <10) and 55% (p >26). This observation is further 
strengthened by the results of permeability index (PI) of Olusosun groundwater of 75.3% which 
classifies the water as class III showing that groundwater is doubtful for irrigation purposes. 

 
Table 6: Saturated indices for some phases in Olusosun groundwater 

Phases SI for Olusosun (wateq4f.dat) mode SI for Olusosun (miteq.dat) mode 
Gypsum 0.07 0.08 
Anhydrite -0.13 0.14 
Calcite 0.31 0.38 
Dolomite 0.02 0.07 
Aragonite 0.16 0.24 

4. CONCLUSION 

The study investigated the quality of groundwater as a way of evaluating the impact of Olusosun 
dumpsite activities on environment. Various physicochemical parameters such as TH, EC, 
alkalinity, acidity, TS and TDS helped to differentiate sampling regions according to dissimilar 
water quality. The Olusosun water type is classified as (Na+K)HCO3 and (Na+K)CO3, a reflection 
of acidic nature of groundwater which require water treatment so as to make it safe to human health. 
It can be concluded that the quality of most of the water samples examined is relatively good with 
respect to the World Health Organisation standards for water quality. However, the permeability 
index (PI) showed that some of the sampling stations have water quality not suitable for either 
drinking or irrigation purposes except further treatment is ensured. 

The application of multivariate statistical techniques (Factor and cluster analysis) reveal eight 
different factors extracted, which account for 84.9% of the total variance of the water quality three 
distinct clusters of wells based on hydrochemical dissimilarities. The major variations observed 
could be related to mineralization and dissolution chemical in the water environment, therefore, the 
quality of the water in the study area can be said to be a function of both natural geological 
formation and anthropogenic such as dumpsite activities. The effect of seasonal changes was not 
that conspicuous, though, the concentration of quality parameters determined in dry season were 
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observed relatively higher than in wet season. 
The buildup of contaminants such as NO3

- -N, Cl- Fe and Cd in the environment particularly in 
the surrounding aquifer is dangerous to sustainable environment. The observed range of pH (acidic) 
of the groundwater under investigation is disturbing, for it could cause various health diseases 
including intestinal dysfunctions. Hence, measures must be taken to mitigate the effect of 
continuous dumpsite activities in the study area. 
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