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ABSTRACT 

Variations in water quality of River Ogun around the cattle market, Isheri along Lagos-Ibadan express road were evalu- 
ated using multivariate statistical techniques such as principal component analysis (PCA) and cluster analysis (CA) to 
analyze the similarities or dissimilarities among the sampling points so as to identify spatial and temporal variations in 
water quality and sources of contamination over time. Water quality data were generated from 8 sampling points during 
6 year sampling periods (i.e., 2000, 2005, 2006, 2009, 2010, and 2011). The samples were analyzed for 14 phys- 
ico-chemical parameters and heavy metals such as temperature, pH, total solids (TS), total dissolved solids (TDS), sus- 
pended solids (SS), oil and grease, dissolved oxygen (DO), chemical oxygen demand (COD), Cl−1, alkalinity, total 

hardness (TH), , ,  and heavy metals (Cd, Cu, Fe, Ni, Pb, Mn, and Zn). Three zones were differenti- 

ated based on the cluster analysis results, and implied similar water quality features. Thus, the water quality around the 
site may be categorized as relatively less polluted, moderately polluted and highly polluted. The PCA assisted to extract 
and recognize the factors responsible for water quality variations over the years. The results showed that the index 
which changes the quality of the water differs. The natural, inorganic and organic parameters e.g., temperature, TS, and 

 etc., were the most significant parameters contributing to the variations in the water quality over the years. This 

shows that a parameter that can be significant in contributing to water quality in one season may less or not be signifi- 
cant in another. This result may be used to reduce the number of samples analyzed both in space and time, without 
much loss of information. This will assist the decision makers in identifying priorities to improve water quality that has 
deteriorated due to pollution from various anthropogenic activities. 
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1. Introduction 

Water of adequate quantity and quality is essential for 
sustainable development [1]. Water quality performs 
important role in health of human, animals and plants 
[2,3]. Water quality is the critical factor that influences 
human health as well as the quantity and quality of grain 
production in semi-humid and semi-arid area [4]. Water 
pollution is harmful not only to fish breeding and agri- 
cultural products but also to public health in surrounding 
areas. Of the pollutants, heavy metals can endanger 
health by being incorporated into food chain. Heavy 
metals are not biodegradable and tend to accumulate in 
the sediments of water ways in association with organic 
and inorganic matter in the sediment [5]. Excessive nu- 
trients can lead to water eutrophication, causing a hy- 
poxia environment, the reductions of species diversity 

and microbial growth, mortality of benthic communities, 
and stress in fishery resources [6]. Human activities are a 
major factor determining the quality of surface and 
ground water through atmospheric pollution, effluent 
discharges, use of agricultural chemicals, eroded soils 
and land use [7]. These land use changes increase the 
amount of impervious surface resulting in storm runoff 
events that negatively affect stream ecosystems and wa- 
ter quality [8]. Rivers in water sheds with substantial 
agricultural and urban land use experience increased in- 
puts and varying compositions of organic matter [9] and 
excessive concentrations of phosphorus and other nu- 
trients from fertilizer application and watershed releases 
[10]. 

The quality of surface water within a region is gov- 
erned by both natural processes (such as precipitation 
rate, weathering processes and soil erosion, hydrological 
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processes; physical, chemical and biological processes) 
[1,2] and anthropogenic effects (such as urban, industrial 
and agricultural activities and the human exploitation of 
water resources) [11,12]. Seasonal variation in precipita- 
tion, surface run-off, groundwater flow, interception and 
abstraction strongly affect river discharge and conse- 
quently the concentrations of pollutants in river water [2]. 
The impact of agricultural activities on water quality is 
gaining increasing attention [13]. Studies have indicated 
that many rivers/streams particularly in developing coun- 
tries are heavily polluted due to industrial and municipal 
wastewater discharges, as well as agricultural runoff [14- 
17]. 

The multidimensional data analysis methods are be- 
coming very popular in environmental studies dealing 
with measurement and monitoring. The most common 
multidimensional data analysis methods used are cluster 
analysis (CA), factor analysis/principal component analy- 
sis (FA/PCA), which have been used to identify impor- 
tant components/sources that explain the variations in 
water quality and influence the water system [13]. The 
application of different multivariate statistical techniques 
such as CA, PCA, factor analysis (FA) and discriminant 
analysis (DA) facilitates the interpretation of complex 
data matrices to better understand the water quality and 
ecological status of studied systems [18]. Usually, CA is 
used to reveal specific links between sampling points, 
while FA/PCA is used to identify the ecological aspects 
of pollutants on environmental systems [13,14]. Principal 
components are nothing more than the eigenvectors of a 
variance-covariance or a correlation matrix of the origi- 
nal data matrix. By themselves they may provide signifi- 
cant insight into the structure of the matrix not available 
at first glance. Typically, the raw data matrix can be re- 
duced to two or three principal component loadings that 
account for the majority of the variance. The first princi- 
pal component loading explains the most variance and 
each subsequent component explains progressively less 
[19]. As a result, a small number of factors usually ac- 
counts for approximately the same amount of informa- 
tion as the much larger set of the original observations do. 
PCA can be applied to a set of water quality variables to 
discover the variables that form coherent subsets that are 
relatively independent of one another. Cluster analysis 
comprises of multivariate methods which are used to find 
true groups of data. In clustering, the objects are grouped 
such that similar objects fall into the same class [19]. 
This multivariate treatment of environmental data is 
widely successfully used to interpret relationships among 
variables so that the environmental system could be bet- 
ter managed [19,20]. 

The aim of this study was to determine 14 physico- 
chemical parameters and heavy metals in River Ogun 
water around the cattle market, Isheri along Lagos-Iba- 

dan express road. The data obtained was subjected to the 
multivariate statistical methods (CA and PCA) to evalu- 
ate information about similarities and dissimilarities be- 
tween sampling points, to recognize water quality vari- 
ables that causes variations and the effect of pollution 
sources on the water quality in general. 

2. Materials and Methods 

2.1. Description of the Study Area 

River Ogun is one of the rivers in the south-western part 
of Nigeria which covers a total area of about 22.4 Km2. It 
transverses through Ibarapa, Iseyin, Abeokuta, Owode, 
Ikorodu, and Ifo local government areas before finally 
discharging into the Lagos Lagoon. This site has become 
a place of interest considering its constant and continu- 
ous pollution owing to the fact that it serves as a focal 
point of some commercial activities in the ever growing 
cattle market around the basin. Figure 1 shows the map 
of the study area while the sampling point’s location is 
presented in Table 1. 

2.2. Sample Collection 

Water samples were collected from 8 sampling points in 
2000, 2005, 2006, 2009, 2010 and 2011. Grab samples 
were collected by dipping already cleaned sample con- 
tainers gently into the water at different points. At each 
sampling points, five samples were collected and mixed 
together to form a composite. The collected samples 
were stored in a cooler containing ice, delivered on the 
same day to the laboratory where they were refrigerated 
until analysis. 

2.3. Analytical Methods 

Refrigerated samples were allowed to attain room tem- 
perature prior to analysis. Temperature and pH were 
measured on site with a mercury thermometer (range 0˚ 
to 100˚C) and a digital portable pH meter, respectively. 
Total dissolved solids (TDS) and oil and grease (OLG) 
were determined by gravimetry; total hardness (TH), 
alkalinity (ALK), dissolved oxygen (DO) (Winkler’s 
method), chemical oxygen demand (COD) (open reflux), 
chloride (Cl−) (silver nitrate method) were determined by 
titrimetry according to standard methods [21,22]; sul- 
phate ( 2

4SO  ) by turbidimetry using PYE UNICAM SP 
-200 spectrophotometer and phosphate ( 3

4PO  ) using 
ammonium molybdate and potassium antimonyl tartrate 
reagents. Nitrate ( 3NO ) was determined by phenoldi- 
sulphonic acid method [23]. Acidified samples were di- 
gested with concentrated HNO3 acid for heavy metal de- 
termination prior to analysis using atomic absorption 
spectrophotometer, Buck Scientific model 200A. Blanks 
nd duplicate determination were carried out to check a   
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Figure 1. Map of the study area showing the sampling points. 
 

Table 1. Sampling points, sample codes, location and observation. 

Sampling 
points 

Sample 
codes 

Coordinates Location Observation 

1 SP 1 
Latitude: N6˚38'41.96" 
Longitude: E3˚22'58.30" 

Far downstream, far 
from the cattle market. 

No human activities and no source of discharge into  
the river. No sand mining of the river was observed.  
Far from the market and other human activities. No  
trace of human activities was observed. 

2 SP 2 
Latitude: N6˚38'41.86" 
Longitude: E3˚22'54.73" 

Near downstream, 
close to the bridge. 

No point of discharge of effluent into the river,  
no human activities except sand mining of the 
river and canoeing. 

3 SP 3 
Latitude: N6˚38’ 43.46" 
Longitude: E3˚22’ 52.56" 

Effluent point Laundry activities. 

4 SP 4 
Latitude: N6˚38'45.62" 
Longitude: E3˚22'46.27" 

Effluent point 
Transportation route using canoe, bathing  
and discharge of human excreta. 

5 SP 5 
Latitude: N6˚38'47.02" 
Longitude: E3˚22'44.89" 

Effluent point 
Direct discharges of effluent from abattoir  
and slaughter discharges; blood burning  
and hide burning. 

6 SP 6 
Latitude: N6˚38'49.55" 
Longitude: E3˚22'43.15" 

Effluent point 
Direct discharges from abattoir and slaughter  
discharges; blood burning, hide burning,  
burning of tyres, cow wastes and faeces. 

7 SP 7 
Latitude: N6˚38'52.81" 
Longitude: E3˚22'46.80" 

Upstream 
Cow wastes and faeces, burning of tyres, washing  
of hides, bathing etc. 

8 SP 8 
Latitude: N6˚38'53.77" 
Longitude: E3˚22'45.77" 

Far upstream, far from both Isheri  
village and the cattle market 

No human activities and no source of discharge  
into the river and no sand mining.   
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and remove possible errors. All instruments used were 
calibrated with appropriate standard solutions prior to 
sample analysis and measurement. 

2.4. Statistical Analysis 

The statistical software package SPSS 15 window was 
used for the descriptive analysis, correlation coefficient 
and multivariate statistical analysis of the data. 

2.4.1. Principal Component Analysis (PCA) 
PCA provides information on the most meaningful pa- 
rameters which describe the whole data set interpretation, 
data reduction and summarize the statistical correlation 
among constituents in the water with minimal loss of 
original information [24,25]. 

In this study, PCA of the normalized variables were 
executed to extract significant principal components 
(PCs) and to further reduce the contribution of variables 
with minor significance; these PCs were subjected to 
varimax rotation generating factors [26]. PCs were de- 
fined according to the criterion that only factors that ac- 
count for variance greater than 1 (eigenvalue-one crite- 
rion) should be included. The rationale for this is that any 
component should account for more variance than any 
single variable in the standardized test score space [13]. 
Hence, PCA was applied using varimax rotation with 
Kaiser Normalization. By extracting the eigenvalues 
from the correlation matrix, the number of significant 
factors and the percent of variance explained by each of 
them were calculated. 

2.4.2. Cluster Analysis (CA) 
Cluster analysis is a group of multivariate technique  

whose primary aim is to assemble objects based on the 
characteristics they possess [26]. In clustering, the ob- 
jects are grouped such that similar objects fall into the 
same class [27]. According to [28], cluster analysis is a 
multivariate technique used to find homogeneous groups 
with respect to certain properties. Hierarchical clustering 
joins the most similar observations and successively the 
next most similar observations. The levels of similarity at 
which observations are merged are used to construct a 
dendrogram. To perform CA, an agglomerative hierar- 
chical clustering was developed using a combination of 
the Ward’s linkage method and squared Euclidean dis- 
tances as a measure of similarity [29]. The hierarchical 
method of cluster analysis used in this study has the ad- 
vantage of not demanding any prior knowledge of the 
number of clusters, while the non-hierarchical method 
does [30]. Cluster analysis groups data and objects based 
on information found in the data that describes the ob- 
jects and their relationships. The reason for this is to en- 
sure that the objects within a group are similar (or related) 
to one another and different from (or unrelated to) the 
objects in other groups. The greater the similarity (ho- 
mogeneity) within a group and the greater the difference 
between groups is, the better or more distinct the cluster-
ing [31] will be. 

3. Results and Discussion 

3.1. Current Water Quality 

The results of the physico-chemical parameters and the 
descriptive statistics of the samples collected at different 
points around the cattle market are presented in Table 2 
while Table 3 shows the correlation coefficient. The pH  

 
Table 2. Mean concentration and general descriptive statistics of the physico-chemical parameters of River Ogun around the 
market (Present study). 

Parameter Sampling Points Descriptive Statistics 

 SP 1 SP 2 SP 3 SP 4 SP 5 SP 6 SP 7 SP 8 Mean Standard Deviation Range Skewness Kurtosis

pH 6.66 6.68 6.66 6.70 6.70 6.69 6.73 6.60 6.68 0.0 6.60 - 6.73 −1.0 1.8 

Temp (˚C) 28 31 31 30 32 29 30 31 30.3 1.3 28 - 32 −0.6 −0.02 

TS (mg/L) 600 400 740 1020 1460 1400 580 220 803 450 220 - 1460 0.5 −1.1 

TDS (mg/L) 500 320 600 840 1200 1240 460 120 660 400 120 - 1240 0.4 −1 

SS (mg/L) 100 80 140 180 260 160 120 100 143 58 80 - 260 1.2 1.6 

Oil & Grease (OLG) (mg/L) 120 434 238 1522 3400 1508 456 332 1000 1100 120 - 3400 1.7 2.8 

DO (mg/L) 5.08 4.57 3.56 3.01 2.90 4.06 4.42 4.72 4.04 0.8 2.90 - 5.08 −3.8 −1.4 

COD(mg/L) 100 134 200 264 300 256 220 98 197 77 98 - 300 −1.9 −1.7 

Cl− (mg/L) 55.1 53.5 52.4 48.3 43.6 45.7 46.1 45.2 48.7 4.3 43.6 - 55.1 0.4 −1.7 

ALK (mg/L) 125 125 110 116 146 135 120 105 122 13 105 - 146 0.5 −0.1 

TH(mg/L) 52.8 49.8 53.1 55.5 56.6 43.6 53.8 45.4 51.3 4.7 43.6 - 56.6 −0.8 −0.7 
3

4SO 



 (mg/L) 6.07 9.27 9.27 12.5 34.8 22.0 18.9 2.88 14.5 10 2.88 - 34.8 1.1 1 

3NO


 (mg/L) 7.23 6.51 10.1 12.2 16.5 14.4 7.23 8.66 10.4 3.7 6.51 - 16.5 0.7 −0.9 
3

4PO  (mg/L) 1.51 1.83 2.79 3.43 4.40 3.75 2.47 1.83 2.75 1.0 1.51 - 4.40 0.4 −1.2 
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values ranged from 6.60 - 6.73 with a mean value of 
6.68± 0.04 which indicates that the river is slightly acidic. 
There is strong correlation at p < 0.05 between pH and 
COD (r = 0.71). The temperature ranged from 28˚C - 
32˚C with a mean value of 30.3˚C ±1.3˚C. However, 
highest temperature of 32˚C was recorded at SP 5 which 
was the point of direct hot effluent discharge into the 
river, blood cooking and hide burning. The concentration 
of oil and grease ranged from 120 - 3400 mg/L with a 
mean concentration of 1000 ± 1100 mg/L. There is very 
strong correlation at p < 0.01 between oil and grease and 
SS (r = 0.94), nitrate (r = 0.90), phosphate (r = 0.89), 
sulphate (r = 0.88), and TS (r = 0.84) (Table 3). The 
concentration of alkalinity ranged from 105 - 146 mg/L 
with a mean value of 122 ± 13 mg/L. The quantity of 
waste in different phases of a natural aquatic system is 
reflected by the level of hardness, alkalinity, free CO2 

and other physico-chemical parameters [32]. There is 
strong and significant correlation at p < 0.01 between 
alkalinity and sulphate (r = 0.84). Total hardness concen- 
tration obtained in this study ranged from 43.6 - 56.6 
mg/L with a mean concentration of 51.3 ± 4.7 mg/L. 
Based on classification [33], River Ogun water is moder- 
ately hard, thereby limiting its use for some domestic 
purposes, such as washing. The water could be a good 
source for livestock weathering. In addition, it cannot be 
used for industrial purposes as hard water forms clogs 
that can block boilers and pipes [34], thus necessitating 
its treatment before use for certain industrial applications. 
Also, the water is not good for irrigation due to high 
level of cadmium and manganese based on water quality 
criteria by Food and Agriculture Organization [35] and 
Federal Environmental Protection Agency [36]. 

The range and the mean concentration of TS of River 
Ogun around the market are 220 - 1460 mg/L and 803 ± 
450 mg/L, respectively. The concentrations increased 
from the far downstream up to the effluent discharge 
points while a gradual decrease in concentration was 
observed at the upstream. According to [37], total solids 
depend on base flow, run-off, and anthropogenic sources 
such as industrial and municipal wastes as well as agri- 
cultural wastes. Hence, the high concentrations at the 
effluent points could be attributed to anthropogenic 
sources from human activities, eroded soil particles, road 
surface degradation and runoffs, degradation of automo- 
bile tyres, effluent discharge along side with animal 
waste disposal. The TS obtained from this study was 
higher than those obtained from previous studies [38]. 
There is strong and significant correlation at p < 0.01 
between TS and TDS (r = 0.997), phosphate (r = 0.93), 
nitrate (r = 0.92), COD (r = 0.87), SS (r = 0.87), and oil 
and grease (r = 0.84). TDS ranged from 120 - 1240 mg/L 
with a mean concentration of 660 ± 400 mg/L. TDS 
comprises of inorganic salts (principally calcium, mag- 

nesium, potassium, sodium, bicarbonates, chlorides and 
sulphates) and small amount of organic matter that are 
dissolved in water. TDS in water originate from natural 
sources, sewage, urban runoff and industrial wastewater 
[39]. Concentration of TDS in water varies considerably 
in different geological regions owing to differences in the 
solubility of minerals. There is very strong and signifi- 
cant correlation at p < 0.01 between TDS and TS (r = 
0.99), phosphate (r = 0.91), nitrate (r = 0.90), and COD (r = 
0.86) (Table 3). The range and mean concentration of SS 
are 80 - 260 mg/L and 143 ± 58 mg/L, respectively. The 
concentration of SS obtained in this study was higher 
than those from the previous studies [38]. There is sig- 
nificant and strong correlation at p < 0.01 between SS 
and oil and grease (r = 0.94), phosphate (r = 0.93), nitrate 
(r = 0.92), COD (r = 0.87), and sulphate (r = 0.84). 

The range and mean concentration of DO are 2.90 - 
5.08 mg/L and 4.04 ± 0.81 mg/L, respectively. The de- 
crease in DO values noticed from one sampling point to 
another could be attributed to the fact that as the river 
flows along its course, it carries soil and partially dis- 
solved and undissolved organic and inorganic matters 
which are oxidized by the DO present in the water 
thereby leading to a decrease in the DO. The low DO 
values could also be as a result of the degradation of cat- 
tle waste, cattle feed and hot discharges into the river 
which are oxygen demanding [40]. In addition, as water 
flows through towns and cities, different oxygen de- 
manding substances are discharged into the water [41]. 
Excessive algae and plant growth can lead to depletion of 
dissolved oxygen, which adversely affects organisms 
population. There is very strong and significant correla- 
tion at p < 0.01 between DO and Cu (r = 0.92). The oxy- 
gen content of a water body is mainly controlled by the 
decay of organic substances, the oxidation of the nitrogen 
compounds and the photosynthetic aeration of the water 
by plants and oxygen demand by sediments. Reduced 
oxygen levels can kill fish and other aquatic life in the 
river. The range and mean concentration of chemical 
oxygen demand are 98 - 300 mg/L and 197 ± 78 mg/L, 
respectively. The presence of high biodegradable and 
non-biodegradable matters as well as exposure of sedi- 
ment in the river which may have accumulated organic 
and inorganic matters over a period of time could ac- 
count for this trend. There is very strong and significant 
correlation at p < 0.01 between COD and phosphate (r = 
0.96), TS (r = 0.87), SS (r = 0.87), TDS (r = 0.86), and 
sulphate (r = 0.85) (Table 3). 

The concentration of chloride ranged between 43.6 - 
55.1 mg/L with a mean concentration of 48.7 ± 4.4 mg/L. 
Chloride in drinking-water originates from natural sources, 
sewage, industrial effluents and urban runoff. Excessive 
chloride concentration increases the rate of corrosion of 
metals in the water distribution system and depending on 
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the alkalinity of the water; this can lead to increased 
concentrations of metals in the supply [39]. Chloride 
concentration in excess of about 250 mg/L can give rise 
to detectable taste in water. The range of sulphate con- 
centration in the water was 2.88 - 34.8 mg/L with a mean 
concentration of 14.5 ± 10 mg/L. This could be attributed 
to the fact that sulphate occur naturally in numerous 
minerals and are used principally in the chemical indus- 
try. They are discharged into water body from industrial 
wastewater and through atmospheric deposition [39]. 
There is strong and significant correlation at p < 0.01 
between sulphate and oil and grease (r = 0.88), phosphate 
(r = 0.85), COD (r = 0.85), SS (r = 0.84), and alkalinity (r = 
0.84). 

The concentration of nitrate around the market ranged 
from 6.51 - 16.5 mg/L with a mean concentration of 10.4 ± 
3.7 mg/L. This was also higher than those obtained from 
previous studies [38]. This increase could be accounted 
for by the continuous discharge of nitrogenous com- 
pounds in animal waste, agricultural runoff, oxides of 
nitrogen emitted during burning of bones, horns and 
hides etc. Nitrates are high oxide form of nitrogenous 
compounds and are usually present in surface water. It is 
the end product of aerobic decomposition of organic ni- 
trogenous matter present in animal waste. Also, atmos- 
pheric nitrogen is washed down by rain into streams, 
lakes, rivers, and coastal waters which in turns lead to an 
increase in nitrate level and then contributes to algal 
blooms that deprive fish and other aquatic organisms of 
oxygen [42]. The accumulation of excess nutrients over a 
period of time could also lead to eutrophication and the 
loss of aquatic and other microorganisms in the river. 
The primary health concern regarding high levels of ni- 
trate and nitrite in potable water is the formation of 
methaemoglobinaemia, so-called “blue-baby syndrome”. 
Nitrate is reduced to nitrite in the stomach of infants. 
This reduction of nitrate to nitrite by gastric bacteria is 
also higher in infants because of low gastric acidity. The 
nitrate concentration in groundwater and surface water is 
normally low but can reach high level as a result of 
leaching or run-off from agricultural land or contamina- 
tion from human or animal wastes [39]. There is very 
strong and significant correlation at p < 0.01 between 
nitrate and phosphate (r = 0.95), SS (r = 0.92), TS (r = 
0.92), TDS (r = 0.90), and oil and grease (r = 0.90). 
Phosphate concentration ranged between 1.51 - 4.40 
mg/L with a mean concentration of 2.75 ± 1.0 mg/L (Ta- 
ble 3). The presence of water hyacinths on the surface of 
the river around some sampling points could be attrib- 
uted to increase in nutrient in the water. Nitrate and 
phosphate are nutrients very essential for plant growth. 
However, high concentrations tends to pose more harm 
on the water body as they can lead to algal growth com- 
monly refer to as algal bloom. It has been reported that 

excess concentration of phosphorus of 0.015 mg/L and 
nitrogen concentration of about 0.3 mg/L are sufficient to 
cause algal bloom [37]. 

Eutrophication could adversely affect the use of rivers 
and dams for recreational purposes as the covering of 
large areas by water hyacinth could cause unsightly and 
malodorous scum, which could lead to the growth of 
algae as well as the release of toxic substances into the 
water body. The first step to eutrophication is the addi- 
tion of nutrients to the water, increase in nutrient causes 
algae bloom, as the algae bloom progresses, the algae 
begin to die, and organic material accumulates on the 
bottom of the river. This material supports a boom in the 
decomposer population and the decomposers rapidly rob 
the river of its oxygen, suffocating most other organisms 
in the process. Eutrophication leads to an increase in the 
treatment cost of potable water as it lead to filter clog- 
ging in water treatment plants. Also, high nutrient con- 
centrations interfere with recreation and aesthetic enjoy- 
ment of water resources by causing reduced water clarity, 
odour and blooms of toxic and nontoxic organisms [22]. 
There is very strong and significant correlation at p < 
0.01 between phosphate and COD (r = 0.96), nitrate (r = 
0.95), SS (r = 0.93), TS (r = 0.93), TDS (r = 0.91), oil 
and grease (r = 0.89), and sulphate (r = 0.85). 

The concentration of Cd ranged from ND - 0.03 mg/L 
with a mean concentration of 0.01 ± 0.0 mg/L (Table 4). 
Cadmium is released into the environment in wastewater 
and diffuse pollution is caused by contamination from 
fertilizer, local air pollution and leachate from landfill or 
dumpsite [39]. Contamination in drinking-water may be 
caused by impurities in the zinc of galvanized pipes and 
solders and some metal fittings. Cadmium accumulates 
primarily in the kidneys and has a long biological half- 
life of 10 - 35 years in humans. Hence, kidney is the 
main target organ for cadmium toxicity. Therefore, 
chronic exposure by accumulation of cadmium in the 
environment must, however, be considered under condi- 
tions of long-term irrigation water use and soil type. 
There is very strong and significant correlation at p < 
0.01 between Cd and Pb (r = 1.0). Concentration of Cu 
ranged from ND - 0.01 mg/L with a mean concentration 
of 0.01 ± 0.0 mg/L. Copper is both an essential nutrient 
and a drinking-water contaminant with many commercial 
uses. It is used to make pipes, valves and fittings and is 
present in alloys and coatings [39]. Copper sulphate pen- 
tahydrate is sometimes added to surface water for the 
control of algae. Copper concentration in drinking-water 
varies widely with the primary source most often being 
the corrosion of interior copper plumbing. Level in run- 
ning or fully flushed water tends to be low, whereas 
those in standing or partially flushed water sources are 
more variable and can be substantially higher (frequently 
> 1 mg/L). Copper concentrations in treated water often     
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Table 4. Mean concentration and the descriptive statistics of heavy metals of River Ogun water around the market (Present 
study). 

Parameter Sampling Points Descriptive Statistics 

 SP 1 SP 2 SP 3 SP 4 SP 5 SP 6 SP 7 SP 8 Mean Standard Deviation Range Skewness Kurtosis

Cd 0.03 ND 0.002 ND ND ND ND 0.01 0.02 0.0 ND - 0.03 −0.2 - 

Cu 0.01 ND 0.003 0.001 0.002 0.004 ND 0.01 0.01 0.0 ND - 0.01 0.7 −1.9 

Fe 2.40 2.50 2.41 1.78 2.70 2.53 2.50 2.74 2.46 0.3 1.78 - 2.74 −1.9 4.4 

Ni 0.01 0.01 0.01 0.005 0.02 0.02 0.02 0.04 0.02 0.0 0.005 - 0.04 1.6 3.6 

Pb 0.04 0.01 ND ND ND ND ND 0.004 0.02 0.0 ND - 0.04 1.5 - 

Mn 0.43 0.26 0.26 0.30 0.30 0.32 0.28 0.17 0.29 0.1 0.17 - 0.43 0.5 2.5 

Zn 0.07 0.02 0.02 0.01 0.03 0.04 0.03 0.05 0.03 0.0 0.01 - 0.07 0.7 0.2 

 
increase during distribution, especially in systems with 
an acid pH or high-carbonate waters with an alkaline pH 
[39]. There is very strong and significant correlation at p < 
0.01 between Cu and Pb (r = 1.0), Zn (r = 0.95), DO (r = 
0.92). 

The concentration of Fe in River Ogun water around 
the cattle market ranged from 1.78 - 2.74 mg/L with a 
mean concentration of 2.46 ± 0.3 mg/L. Corrosive mate- 
rials contribute significantly to the amount of iron in wa- 
ter. Iron is one of the most abundant metals in the earth’s 
crust. It is found in natural fresh waters at levels ranging 
from 0.5 to 50 mg/L. Iron is an essential element in hu- 
man nutrition, however, estimates of the minimum daily 
requirement for iron depend on age, sex, physiological 
status and iron bioavailability and range from about 10 to 
50 mg/day [39]. Iron stains laundry and plumbing fix- 
tures at levels above 0.3 mg/L. There is usually no no- 
ticeable taste at iron concentrations below 0.3 mg/L, and 
concentrations of 1 - 3 mg/L can be acceptable for people 
drinking anaerobic well water. The concentration of Ni 
ranged from 0.01 - 0.04 mg/L with a mean concentration 
of 0.02 ± 0.0 mg/L. Food is the dominant source of 
nickel exposure in the non-smoking, non-occupationally 
exposed population while water is generally a minor con- 
tributor to the total daily oral intake [39]. There is mod- 
erate correlation at p < 0.01 between Ni and Fe (r = 0.59) 
and Zn (r = 0.55). The concentration of Pb in River Ogun 
water obtained in this study ranged from ND - 0.04 mg/L 
with a mean concentration of 0.02 ± 0.0 mg/L. Lead is 
one of the significant toxic metals. There is very strong 
and significant correlation at p < 0.01 between Pb and Cu 
(r = 1.0). The concentration of Mn ranged from 0.17 - 
0.43 mg/L with a mean concentration of 0.29 ± 0.1 mg/L. 
Zn concentration ranged from 0.01 - 0.07 mg/L with a 
mean concentration of 0.03 ± 0.0 mg/L. Zinc is associ- 
ated with human activities such as the use of chemicals 
and zinc based fertilizers [43]. There is very strong and 
significant correlation at p < 0.01 between Zn and Cu (r = 

0.95) (Table 3). 

3.2. Statistical Analysis 

Principal Component Analysis (PCA) 
In order to evaluate the most significant parameters in 
water quality assessment, the analysis was performed 
using PCA methodology. PCA was executed in this study 
for the 21 variables from 8 different sampling points in 
the 6 years (2000, 2005, 2006, 2009, 2010 and 2011) of 
monitoring the water quality in order to identify impor- 
tant water quality parameters. 

An eigenvalue gives a measure of the significance of 
the factor and factors with the highest eigenvalues are the 
most significant. Eigenvalues of 1.0 or greater are con- 
sidered significant [26]. Classification of principal com- 
ponents is thus “strong”, “moderate” and “weak”, corre- 
sponding to absolute loading values of >0.75, 0.75 - 0.50 
and 0.50 - 0.30, respectively [20]. Tables 5 and 6 sum- 
marizes the PCA including the loadings, eigenvalues of 
each PCs, total variance explained as well as the cumula- 
tive variance and strong loading values highlighted. The 
PCA of the data obtained in 2000 (Table 5), showed six 
PCs which explained 96.7% of the total variance. The 
first PC explained 33.0% of the total variance and was 
best represented by COD, TH, Cd, Cu, Fe, Ni, Pb and 
Mn. PC 2 was dominated by temperature, pH, SS, alka- 
linity, TH and Cd, accounted for 17.4% of the total vari- 
ance. PC 3 explained 15.2% of the total variance and 
loaded heavily on oil and grease, DO, sulphate and Mn. 
PC 4 was loaded primarily by TS and TDS, accounting 
for 13.8% while additional, 8.96% of the total variance 
was explained in PC 5 which was contributed by pH, 
nitrate and Zn. PC 6 was responsible for 8.55% of the 
total variance and was best represented by chloride and 
phosphate. 

In the PCA of data obtained in 2005 [44], five com- 
onents were extracted whic  explained 93.8% of the p h 
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Table 5. PCA of water quality parameters of River Ogun in 2000. 

Variables Component 

 1 2 3 4 5 6 

Temp −0.078 0.930 −0.076 −0.131 −0.244 −0.214 
pH −0.199 −0.528 −0.465 −0.268 0.561 0.257 
TS 0.097 −0.289 −0.092 0.947 −0.043 −0.007 

TDS 0.003 0.076 −0.096 0.991 0.026 0.008 
SS 0.244 −0.907 −0.029 0.292 −0.168 −0.034 

Oiland Grease −0.081 −0.081 0.939 −0.267 0.084 0.161 
DO −0.253 −0.219 −0.802 −0.246 0.068 0.405 

COD −0.932 0.184 −0.065 0.011 −0.095 −0.206 
Chloride −0.490 0.282 0.241 0.482 0.079 0.615 

Alkalinity −0.123 0.827 0.034 0.454 0.146 0.264 
TH −0.710 0.515 −0.267 −0.181 0.131 0.064 

Sulphate −0.047 −0.458 0.777 −0.235 −0.313 0.099 
Nitrate −0.156 0.098 0.256 −0.098 −0.835 0.291 

Phosphates 0.266 −0.080 0.025 −0.047 −0.176 0.941 
Cadmium 0.653 −0.507 0.161 0.258 −0.158 0.430 
Copper 0.977 −0.040 −0.100 −0.119 −0.024 − 0.019 

Iron 0.874 −0.029 0.043 0.020 0.413 −0.144 
Nickel 0.840 −0.057 0.141 0.191 0.161 −0.048 
Lead 0.957 0.019 0.224 −0.067 −0.010 0.120 

Manganese 0.514 0.081 0.802 0.052 0.093 0.204 
Zinc 0.279 0.304 0.369 −0.065 0.805 0.059 

Eigenvalues 6.927 3.648 3.175 2.880 1.882 1.795 
% Variance Explained 32.988 17.374 15.118 13.716 8.960 8.547 

% Cumulative Variance 32.988 50.362 65.480 79.195 88.155 96.702 

Note: Extraction Method: Principal Component Analysis; Rotation Method: Varimax with Kaiser Normalization; Bold figures indicate absolute values >0.5 of 
parameters with strong loading value. 

 
Table 6. PCA of water quality parameters of River Ogun in 2011. 

Variables Component 

 1 2 3 4 

Temp −0.088 −0.923 0.234 −0.225 

pH 0.327 −0.078 0.435 0.775 

TS 0.933 0.097 0.164 0.212 

TDS 0.909 0.126 0.163 0.234 

SS 0.960 −0.118 0.143 0.030 

Oil & Grease 0.915 −0.107 −0.007 0.202 

DO −0.773 0.464 −0.409 0.054 

COD 0.837 −0.306 0.251 0.316 

Chloride −0.630 0.391 0.546 −0.079 

Alkalinity 0.653 0.369 −0.053 0.594 

TH 0.220 −0.032 0.700 0.096 

Sulphate 0.827 −0.028 −0.066 0.520 

Nitrate 0.982 −0.089 −0.028 −0.043 

Phosphates 0.945 −0.243 0.097 0.160 

Cadmium −0.350 0.589 0.110 −0.631 

Copper −.0119 0.812 −0.170 −0.538 

Iron −0.052 0.154 −0.821 0.179 

Nickel −0.038 −0.034 −0.879 −0.387 

Lead −0.398 0.855 0.159 −0.129 

Manganese 0.146 0.821 0.485 0.213 

Zinc −0.177 0.794 −0.469 −0.232 

Eigenvalues 10.320 4.106 3.190 1.528 

% Variance Explained 49.141 19.552 15.191 7.275 

% Cumulative Variance 49.141 68.692 83.883 91.158 

Note: Extraction Method: Principal Component Analysis; Rotation Method: Varimax with Kaiser Normalization; Bold figures indicate absolute values >0.5 of 
parameters with strong loading value. 
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total variance. PC 1 explained 32.3% of the variance and 
loaded heavily on temperature, pH, TS, TDS, SS and 
sulphate. PC 2 was loaded primarily by DO, alkalinity, 
TH, nitrate and Fe, which accounted for 29.7% of the 
total variance. PC 3 was responsible for 15.4% of the 
variance and was best represented by oil and grease, 
chloride, alkalinity and TH. PC 4 explained 8.73% of the 
total variance and was best represented by temperature, 
COD and phosphate. However, additional 7.73% of the 
variance was explained in PC 5 and loaded heavily on Cu 
and Zn. The PCA of data obtained in 2006 [45] also 
showed that six PCs were extracted which explained 
96.6% of the total variance. The first PC explained 
35.6% of the variance and was best represented by tem- 
perature, TS, TDS, TH, sulphate and nitrate. PC 2 was 
dominated by DO, COD, nitrate and phosphate which 
accounted for 25.7% of the total variance. PC 3 ex- 
plained 12.6% of the total variance and loaded heavily on 
SS, oil and grease and Zn. PC 4 was loaded primarily by 
pH and Cd which accounted for 9.49% of the variance. 
Additional 6.77% of the total variance was explained by 
PC 5 and was contributed by chloride and alkalinity 
while PC 6 was responsible for 6.39% of the variance 
and was best represented by oil and grease and Ni. 

Also, the PCA of data obtained in 2009 [46] extracted 
six PCs which accounted for 93.0% of the total variance. 
PC 1 explained 33.8% of the total variance and loaded 
heavily on temperature, TS, TDS, DO, COD, TH and Ni. 
PC 2 was loaded primarily by pH, oil and grease, alkalin- 
ity, nitrate and Mn which was 17.7% of the variance. PC 
3 was responsible for 13.5% of the total variance and was 
best represented by TS, SS, sulphate and Cu. PC 4 ex- 
plained 12.6% of the variance and was best represented 
by TH, Cd and Pb. Additional 9.39% of the total variance 
was explained in PC 5 and loaded heavily on Fe, Mn and 
Zn. However, PC 6 was responsible for 6.09% of the 
variance and was best represented by chloride and phos- 
phate. Furthermore, the PCA of data obtained in 2010 
[47] extracted five components which explained 92.2% 
of the total variance. PC 1 explained 30.4% of the total 
variance and was best represented by temperature, TS, 
TDS, SS, alkalinity, nitrate and Ni. PC 2 was dominated 
by pH, oil and grease, COD, sulphate, Cd, Cu and Fe 
which accounted for 26.3% of the variance. PC 3 ex- 
plained 15.9% of the variance and loaded heavily on TH, 
Pb, Mn and Zn. PC 4 was loaded primarily by pH, DO 
and phosphate, accounted for 9.49% of the variance 
while PC 5 was responsible for 8.19% of the total vari- 
ance and was best represented by pH, COD, chloride and 
nitrate. 

Finally, the PCA of the present study (Table 6) ex- 
tracted four components which accounted for 91.2% of 
the total variance. PC 1 explained 49.1% of the total 
variance and loaded heavily on TS, TDS, SS, oil and 

grease, DO, COD, chloride, alkalinity, sulphate, nitrate 
and phosphate. PC 2 was loaded primarily by tempera- 
ture, Cd, Cu, Pb, Mn and Zn, accounted for 19.6% of the 
variance. PC 3 was responsible for 15.2% of the total 
variance and was best represented by chloride, TH, Fe 
and Ni. PC 4 explained 7.28% of the variance and was 
best represented by pH, alkalinity, sulphate, Cd and Cu. 
The most significant water quality parameters that con- 
tribute to variations in the quality of River Ogun water 
are presented in Table 7. Phosphate and DO were the 
most significant parameters contributing to the variation 
in water quality in all the years studied. COD, TDS, TSS, 
SS and oil and grease with strong loading are the most 
important parameters in water quality variations for five 
years out of the six years studied. Discharge of effluent 
from the slaughter houses, river sand mining and other 
activities in the market causes considerable pollution. 
The temperature with strong loadings is the most signifi- 
cant parameter which contributed to variation in water 
quality in all the years and it represents the impacts of the 
discharge mostly hot as most of the sampling was done 
during the wet season when ambient temperature is be- 
lieved to be lower. There is limited access to the water 
during the dry season. This is due to very low water 
volume and the presence of water hyacinth across the 
water surface which hinders movement on the water sur- 
face. 

3.3. Cluster Analysis (CA) 

Different sampling stations in a river can be grouped into 
clusters of similar water quality features. When cluster 
analytical technique is used, it is possible to plan for 
coming/future events, optimum sampling strategy that 
can lessen the number of sampling stations and the affili- 
ated recurring costs. It is usually used if a visual sum- 
mary of the intra-relationship amongst variation parame- 
ters can lead to a better understanding of the governing 
factors in a studied system. Figures 2 and 3 show the 
dendrogram output using the Ward’s linkage method and 
square Euclidean distances. The clustering procedure 
generated three groups in a very convincing way, as the 
points in these groups have similar characteristic features. 
Clusters 1, 2 and 3 corresponds to relatively low pollu- 
tion, moderate pollution and high pollution regions of the 
river, respectively. The CA of data obtained in 2000 
(Figure 2) displayed three clusters. Cluster 1 (Sampling 
points 1, 6, 4, 2 and 3), Cluster 2 (Sampling points 8 and 
9) and Cluster 3 (Sampling points 5 and 7), corresponds 
to relatively low pollution, moderate pollution and high 
pollution regions, respectively. In Cluster 1 which com- 
prises relatively less polluted sites, the sampling points 
that formed this cluster were far from the cattle market 
nd discharge of effluent into the river. However, a   
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Table 7. The most significant parameters. 

Year Parameters with strong positive factor loading 
Parameters with strong 
negative factor loading 

2000 Cu, Fe, Ni, Pb, Temperature, Alkalinity, Oil and grease, 2

4SO  , Mn, TS, TDS, Zn, 3

4PO 
. COD, SS, DO, 3NO  

2005 Temperature, TS, TDS, SS, DO, Cl−, Fe, COD, Cu, Zn, 3

4PO 
. Oil and grease 

2006 Temperature, , COD, , SS, pH, Cl−, Ni, 2

4SO 
3NO 3

4PO 
. TS, TDS, DO, Zn 

2009 DO, COD, Temperature, pH, Oil and grease, 3NO , 2

4SO  , Cu, Fe, Cl−, 3

4PO 
. Ni, Cd, Pb 

2010 Temperature, TS, TDS, Alkalinity, Oil and grease, 2

4SO  , Fe, TH, Zn, Cu, DO, Cl−, 3

4PO 
.  

2011 TS, TDS, SS, Oil and grease, COD, , 2

4SO 
3NO , PO4, Cu, pH, Pb, Mn, Zn, 3

4PO 
. DO, Temperature, Ni, Fe 

 

 

Figure 2. Dendrogram of cluster analysis of water quality parameters of River Ogun in 2000. 
 

 

Figure 3. Dendrogram of cluster analysis of water quality parameters of River Ogun in 2011. 
 
a dumpsite was observed at the river bank close to two of 
the sampling points (3 and 4). Cluster 2 corresponds to 
the moderately polluted sites. These sampling points re- 
ceive pollution from river sand mining and domestic ac- 
tivities from a village not too far from the market. Two 
sampling points (5 and 7) of the river formed cluster 3 
which are the most polluted sites. These sites were around 
the cattle market and close to the express road. 

The data obtained in 2005 [44] also displayed 3 clus- 
ters. Cluster 1 includes sampling points 3, 5, 2, 4 and 7 
which corresponds to relatively less polluted sites. Hous- 
es and domestic activities and public latrine, were ob- 

served very close to these sampling points. Points 1 and 6 
formed cluster 2 which comprises of the moderately pol-
luted site. Accounting for the extent of pollution is the 
presence of water hyacinth, indicating the possibility of 
excess nutrient from farming and fishing activities as 
well as sand mining around these points. Point 8 formed 
cluster 3 which is the most polluted site. This sampling 
point was around human settlement, transportation by 
means of canoe and sand mining activities characterized 
this region. The data obtained in 2006 [45], however, dis- 
played 3 clusters with points 5, 6, 7 and 8 forming cluster 
1 which comprise of relatively less polluted site. Less 
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human activities except sand mining, vehicular emission, 
laundry activities and bathing were activities around 
these points. Point 4 formed cluster 2 which corresponds 
to moderately polluted site which was characterised by 
the discharge of domestic wastewater. Cluster 3 is made 
up of points 2, 3 and 1, which correspond to points ex-
periencing high pollution. This could be attributed to the 
discharge of wastewater and untreated sewage as well as 
the discharge of cow waste and animal faeces. Also, 
flourishing growth of water hyacinth was seen on the 
river around sampling point 3 and brick making was ob- 
served at sampling point 2. The data obtained in 2009 [46] 
gave 3 clusters with cluster 1 comprises of points 3, 6, 
and 7; cluster 2 comprises of points 1, 2, 5 and 4 while 
cluster 3 is made up of points 8 and 9. These correspond 
to relatively low pollution, moderate pollution and high 
pollution regions, respectively. Points 3, 6 and 7 in clus- 
ter 1 are sampling points which were reasonably far from 
the cattle market and direct points of waste or wastewater 
discharge from the abattoir. Cluster 2 which is moder-
ately polluted site were points receiving pollution from 
agricultural, river sand mining and fishing activities. 
Points 8 and 9 formed cluster 3 which was the most pol- 
luted site. Close to these points were major effluent 
channels from the slaughter slab and disposal of dead 
animal in the river. 

Three clusters were also generated from the data ob- 
tained in 2010 [47]. Points 4, 6, 7, 5 and 8 formed cluster 
1 which comprises relatively less polluted region. This 
could be attributed to the presence of little or no human 
activities around sampling points 7 and 8 while the 
burning of tyres was noticed around point 6. Points 4 and 
5 were characterized by hide burning. Points 1 and 2 
formed cluster 2 which corresponds to moderately pol-
luted region. These points were close to the cattle market 
and other activities such as sand mining while point 3 
formed cluster 3. This corresponds to the sampling point 
experiencing high pollution. The pollution experienced at 
this point could be traced to the various activities from 
the cattle market (abattoir and the slaughter houses). 
Animal blood from the slaughter slab, slaughter dis-
charges and waste from burnt hide were discharged into 
the river around this point. There was the presence of 
water hyacinth around this point. In the present study 
(Figure 3), points 1, 3, 2, 7 and 8 formed cluster 1 which 
comprises relatively less polluted site. This could be at-
tributed to the fact that little or no human activities were 
taking place at points 1, 2 and 8 while points 3 and 7 
were characterized by laundry activities and washing of 
hides. Cluster 2 is made up of sampling points 4 and 6 
which correspond to moderately polluted site. These 
points were the effluent discharge points from bathing 
and discharge of human excreta as well as direct dis-
charge from abattoir, blood burning and hide burning. 

Sampling point 5 formed cluster 3 which is the most 
polluted sampling region on the river. This was an efflu-
ent discharge point of animal blood from abattoir, blood 
burning, and hides burning. 

It was observed in all the years, however, that sam- 
pling points with similar features and human activities 
were consistently classified as either moderately or 
highly polluted regions. The most polluted region is 
points around the cattle market close to the abattoir. The 
results obtained from CA indicate that CA technique is 
useful in the classification of the regions of surface water 
into different categories such as relatively less polluted, 
moderately polluted and highly polluted region depend- 
ing on the extent of pollution. This implies that for rapid 
assessment of water quality, only one site in each cluster 
may serve as good site in spatial assessment of the water 
quality of the whole network. 

4. Conclusion 

In this study, multivariate statistical techniques were 
used to evaluate the variation in the surface water quality 
of River Ogun around the cattle market, Isheri, along 
Lagos—Ibadan express road. The results of PCA aided 
the extraction and recognition of the factors/parameters 
responsible for water quality variation in all the years. 
Phosphate, nitrate, oil and grease, TS, TDS, DO, COD, 
oil and grease and Cu were the significant parameters 
contributing to the water quality variation of the river 
while phosphate and DO were the most significant pa- 
rameters that affected the water quality in all the years 
studied. PCA evinced that in temporal variation, a pa- 
rameter that can be significant in contributing to water 
quality variation in a year may be less significant in an- 
other year. It helped to identify the parameters that al- 
ways or frequently lead to the variation of the water. In 
addition, it could help provide a guideline for selecting 
the priorities of possible preventive measures in the 
proper management of this surface water by giving prior- 
ity to minimizing the parameters identified as means of 
improving the water quality. CA was used in the spatial 
classification of water quality variation of the river. CA 
assisted in grouping all the sampling points into three 
clusters of similar water quality features. This classified 
the whole river into three zones of relatively less polluted, 
moderately polluted and highly polluted regions. The 
sampling points around the abattoir were the most pol- 
luted all year round. From this classification, it is possi- 
ble to plan for optimum sampling strategy that can re- 
duce the number of sampling points during assessment 
and the affiliated recurring cost during environmental 
monitoring plans of the river. Hence, the number of sam- 
pling points and the respective cost in future surface wa- 
ter quality monitoring plans can be lessen. This will as- 
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sist the decision makers in identifying priorities to im- 
prove water quality that has deteriorated due to pollution 
from various anthropogenic activities. 
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