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ARTICLE INFO ABSTRACT
Keywords: The main aim of the study was to use multivariate statistical approach to determine the rela-
Rokel river tionship between parameters, identify the factors affecting the quality of water and interpret and

Principal component analysis
Cluster analysis

Analysis of variance and
Water quality index

group the water quality parameters. Water quality data was collected during two seasons; wet
season spanning from June to August 2019 and dry season spanning from February to April 2019.
The physiochemical and microbial parameters measured from the sampling process were
turbidity, temperature, pH, electric conductivity, total hardness, calcium carbonates, total dis-
solved solid (TDS), dissolved oxygen (DO), total suspended solids (TSS), iron, nitrate, phosphate,
potassium, sulphate, chromium, fluoride, e. coli and coliform. A total of 406 data set were
collected and analysed using Principal Component Analysis, water quality index, cluster analysis
and analysis of variance (ANOVA). These data sets were tested for sampling adequacy using
Kaiser-Meyer-Olkin and Bartlett’s Test and the result on the Kaiser-Meyer-Olkin Measure of
Sampling Adequacy obtained was 0.615. The analysis yields Five PCs extraction with eigenvalues
>1. These components explained 82.628% of the total variance of the entire components. The
maximum water quality index 13 which indicated a grade A and can be treated for water supply.
The following parameters Chromium 0.39 mg/1, Iron 1.88 mg/1, turbidity 18.66NTU, Phosphates
26.00 mg/1 and fluorides 1.75 mg/1 exceeded the WHO guidelines for drinking water. The mean
values electrical conductivity is 12.26 pS/cm, 31.8 pS/cm for rain and dry seasons respectively.,
The following parameters Turbidity, Total Dissolved Solid, Total Suspended solids, Iron, Phos-
phate, Fluoride and Sulphate shows variation with High during the rain and low during the dry
season with significant statical difference with a p value < 0.05. Whereas there is difference
between the seasonal values of chromium, Nitrate and Potassium. The ANOVA resulted in P-value
>0.05 which indicated no statistically significant different for chromium, Nitrate and Potassium.
The seasonal variation was corroborated by cluster analysis with two clusters of C1 and C2. The
PCs analysis, cluster analysis and ANOVA gave detailed characterization of the source and group
correlation amongst the physiochemical and microbial parameters.
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1. Introduction

Water quality play a key role in maintaining a well-balanced environment [1]. Activities like mining, agricultures and land use
changes does influence surface water quality [2]. Water is indispensable for all forms of life on Earth. According to the World Health
Organization (WHO) a single human being requires between 50 and 100 L of water to ensure that its most basic needs are met. In fact,
currently, approximately 884 million people still lack access to safe drinking water and more than 2.6 billion do not have access to
basic sanitation. It is also estimated that approximately 1.5 million children under 5 years of age die each year as a result of water and
sanitation-related diseases [3] and according to WHO, 88% of the diarrhoeal deaths are due to unsafe water, inappropriate sanitation,
and lack of hygiene. In fact, an estimated 1 billion people (15% of the world population) still practice open defecation. Moreover, the
majority (71%) of those without sanitation live in rural areas and 90% of all open defecation takes place in rural areas. This resolution
acknowledges the importance of equitable access to safe and clean drinking water and sanitation as an integral component of the
realization of all human rights [4].

It’s reported that Africa is in dire situation and is only getting worse in terms of water scarcity. With Africa growing population, its
predicted that by 2025, Africa will be close to 230 million and facing water scarcity and up to 460 million will be living in water stress
areas (Africa Water Vision for 2025 [5].

It has also been reported that Sierra Leone has insubstantial water storage to last through their dry season. It withdraws only one-
third the amount of freshwater of other countries in similar size. Chemicals used during agriculture production are polluting surface
waters where many rural citizens collect their drinking water. Mining has caused land degradation and water pollution. Deforestation
by mining has depleted water resources, as well as slash-and-burn farming, urbanization, and infrastructure building [6].

The Rokel river serves as a major source for water supply for villages along its flow parts. Two major district head quarter towns
which are Lunser Town and Tonkolili District get supply from this river. Due to the catchment degradation and the increase in
population of Freetown, the only alternative sources for water supply to Freetown is the Rokel River. Its flows from the north through
major towns and drain to the ocean through the estuary in the Western area. The river drains an area of 10, 620 sq.-km with a length of
400 km along its course. There are two iron mining sites and the Bumbuna hydropower station along its drainage course carrying
significant load of materials (dissolved and particulate phase) from natural and anthropogenic sources that cause negative effect on the
river [7].

Sampling Locations
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Fig. 1. Sampling points along the Rokel River.
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The difficulty in the evaluation of surface water quality lies in the complexity in the analysis of large quantity of parameters.
Usually, these parameters contain valuable information about the characterizer of the source and the interpretation of the parameters
and these are the important step. Hence, the Principal Component Analysis can be used to provide a unique solution in the analysis of
large quantity of parameters so that the original data can be reconstructed from the results. Principal components (PCs) actually take
the cloud of data points and rotate it in such a way that maximum variability is visible. In other words, it identifies the most important
gradients [8,9]. Many research has applied this method to evaluate water quality and have set the baseline information for man-
agement of environmental issues [10-12]. The Sample Adequacy for Principal Component Analysis is based on the Kaiser-Meyer-Olkin
and Bartlett’s Test which values range from a scale of 1-10. In this method, the total amount of variance is equal to the observed
variables being analysed. The observed variables are standardized. Eigenvalues defines the amount of variance for each component
and the Eigen vectors are used to determine component scores [10].

Further to evaluate the water quality, hierarchical cluster analysis and water quality index was applied. These three methods used
would provide a detailed information and interpretation of the data sets for this research [13].

The main objective of this study was to characterize the source of water supply in order to determine the relationship between
parameters, and identify the factors affecting the quality of water resources. The data obtained would be used for the design of
constructed Wetland for pre-treatment in a water supply system.

2. Approach and methodology
2.1. Study area

The sampling location P1 is at Bumbuna close to the Hydropower (site coordinate: Longitude —11.7532 and latitude 9.052325).
The second sampling location P2 is at Magburaka Town, which is downstream to Leone Rock iron mining site and close to the water
supply treatment work with site coordinate longitude —11.9488 and latitude 8.72852. These two sites are upstream to the Rokel river
as shown in Fig. 1. The two downstream locations are P3 and P4. The coordinates for these sites are P3 which is close to the Lunsar Iron
mine site, is longitude (—12.4561) and latitude (8.6676). The site P4 located at the bridge linking the western area to northern region
of the country is at longitude (—12.7173) and latitude (8.595607).

2.2. Data collection

The procedure involved in the collection of samples at four locations in the Rokel River Fig. 1 showed the sampling points in the
river. These samples were collected from the subsurface at a depth of 20 cm for analysis. Monthly seasonal sample were collected,
preserved and transported in accordance with standard method [14]. The dry seasonal period samples were collected during February,
March and April 2019 whilst the wet period samples were collected in June July and August 2019. The physiochemical and microbial
parameters measured from the samples were turbidity, temperature, pH, electric conductivity, total hardness, calcium carbonates, total
dissolved solid (TDS), dissolved oxygen (DO), total suspended solids (TSS), iron, nitrate, Phosphate, potassium, sulphate, chromium,
fluoride, E. coli and total Coliform. All physiochemical tests were done on site according to standard methods [14] using Hydro Kit
HK3000. The bacteriological test was done at the laboratory and qualitative analysis was carried by multiple tube fermentation
technique [14].

2.3. Data analysis

Principal Component Analysis (PCA) is a data mining Technique for data exploration which is used to observed pattern in the data
with the aim to identify transformation of the data that define these patterns. This technique is built on an orthogonal, linear trans-
formation of the data into new representation in space. This can be understood as the changing of original attributes by new attributes’,
referred to principal components. The principal component can be represented with r' sample and k™ Component Y as shown below:

Y =auxn + ayxp..coonnn.n. AjgXpy

The correlation of variable X; and principal component Yy is represented by:

rj=1/ (a;Var(¥)) /S,-j

Table 1
Water quality rating as per weight arithmetic water quality index method.

WQI Value Rating of Water Quality Grading
0-25 Excellent water quality A
26-50 Good water quality B
51-75 Poor water quality C
76-100 Very Poor water quality D
Above 100 Unsuitable for drinking purpose E
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The data was imputed into SPSS 16.0 for computation using principal component analysis. With the parameters of different scale
and magnitude, they were standardized for normalization of all parameters. To determine the sampling adequacy, the Kaiser -Meyer
-Olkin (KMO) and Bartlett’s test were used to determine the conformity of the samples to adequacy. These tests determined the
proportioned variance which is common and might be affected by underlying factors. The range for this factor is (0-1). If the
determined value is between 1 and 5, factor analysis would be useful. Value less than 0.5 indicate that PCA cannot be applied. In this
study, the data was tested for sampling adequacy using KMO and Bartlett’s Test. The results are presented on Table 3. Kaiser-Meyer-
Olkin measure of sampling adequacy gave a value of 0.615 which is an indicator for PCA to be used. Table 6 Analysis of variance was
carried out to check the effect of seasonality on the water quality parameters. ANOVA have been reported to be applied in water quality
evaluation by many researchers [15,16].

2.4. Cluster analysis

Hierarchical cluster analysis (HCA) is another method of multivariate analysis used for the classification of physiochemical pa-
rameters without making any prior assumption about the data to classify the objects of the system into categories or clusters based on
their nearness or similarity [16,17]. The Word Method was used for the classification since it used the approach of analysis of variance
to determine the distances between clusters [17]. reported that using the Euclidean distance as distance measure and the Word Method
as the linkage rule, this combination can result in the most distinctive groups in a dendrogram. The dendrograms provided the visual
interpretation, summaries for the clusters, their proximity and with dramatic reduction of the originality of the data sets [18, 19].

2.5. Water quality index

In order to process the data, z-score normalization method was used. This phase is the key to improve the data for analysis after
which the water quality index was calculated from the most significant parameters of the dataset. Then the water sample were
classified on the basis of the water quality index as shown in Table 1 [20-22]. Many researchers have reported on the use of WQI
[23-26].

3. Results and discussionss

The maximum readings of chromium, Iron, turbidity, phosphates and fluorides are higher than the accepted limits provided [27].
Presented in Table 2 are results of descriptive statistics of water physiochemical parameters and heavy metals analysed. The guideline
for the eigenvalue-one rule only the principal components with values range from one and above are considered important [8,28,29].
These components explained 82.628% of the variance of the entire components. The scree plot Fig. 2 showed the five PCs which are the
most significant components i.e. PC1 (40.762%), PC2 (14.726%), PC3 (11.858%), PC4 (8.471%) and PC5 (6.811%).

3.1. Principal Component Analysis

Results of Kaiser-Meyer-Olkin (KMO) and Bartlett’s test are presented in Table 2.

Sampling adequacy for principal component analysis to be applicable. Component loading and communalities for each variable in
five selected components before direct oblimin rotation were described in Table 4 and Fig. 3 showed Structural matrix for rotation and
radar graph respectively. PC1 is correlated with (Phosphate, fluoride, Iron, Total Suspended solid Turbidity and Hardness) while Total
dissolved Solid is negatively correlated (Table 5). PC2 correlated with (Coliform and E-Coli) were as Dissolved Oxygen is negative. PC3

Table 2
Descriptive statistics for water quality parameters.

Description Units Range Minimum Maximum Mean Std. Deviation
Turbidity NTU 13.26 5.40 18.66 10.56 4.28
Temperature [ 6.30 23.90 30.20 27.84 1.60
pH 1.50 6.50 8.00 7.23 0.34
Electrical Conductivity uS/cm 31.90 9.70 41.60 22.03 10.62
Calcium carbonate mg/1 85.00 25.00 110.00 70.96 21.91
Total dissolved Solid mg/1 8.39 7.83 16.22 12.01 2.48
Dissolved oxygen mg/1 1.63 2.07 3.70 2.87 0.48
Total suspended solid mg/1 6.80 7.00 13.80 9.66 2.41
Iron mg/1 1.85 0.03 1.88 0.91 0.87
Nitrate mg/1 0.84 0.01 0.85 0.22 0.30
Phosphate mg/1 25.98 0.02 26.00 12.04 12.21
Potassium mg/1 7.50 0.70 8.20 3.36 2.21
Sulphate mg/1 6.00 10.00 16.00 12.19 1.62
Chromium mg/1 0.27 0.12 0.39 0.22 0.06
Fluoride mg/1 1.68 0.07 1.75 0.83 0.75
E. coli CFU/ml 10.00 10.00 20.00 12.21 2.32
Total Coliform CFU/ml 19.00 20.00 39.00 32.79 4.47
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Table 3

Sampling adequacy for principal component analysis.
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Kaiser-Meyer-Olkin (KMO) and Bartlett’s Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy.
Bartlett’s Test of Sphericity

df

Sig.

Approx. Chi-Square

0.615
474.075

136

0.00

Table 4
Total variance explained.

Component Initial Eigenvalues Rotation (sum of squared loading

Total % of Variance Cumulative (%) Total
1 6.930 40.762 40.762 6.817
2 2.503 14.726 55.488 2.344
3 2.016 11.858 67.346 2.454
4 1.440 8.471 75.817 1.699
5 1.158 6.811 82.628 1.268
6 0.947 5.570 88.198
7 0.617 3.630 91.828
8 0.498 2.932 94.760
9 0.369 2.169 96.930
10 0.244 1.436 98.366
11 0.135 0.795 99.161
12 0.060 0.356 99.516
13 0.039 0.229 99.746
14 0.026 0.156 99.902
15 0.009 0.055 99.957
16 0.007 0.041 99.998
17 0 0.002 100

Table 5
Structural matrix for rotation.
PC1 PC2 PC3 PC4 PC5

Turbidity 0.904 —0.080 0.239 —0.113 —0.106
Temperature —0.098 0.296 0.606 0.558 —0.090
pH 0.277 0.758 0.270 —0.291 0.214
EC —0.916 0.033 0.226 —0.105 —0.150
CaCO3 0.528 —0.297 0.112 0.551 —0.474
TDS —0.786 —0.124 0.335 —0.063 —0.038
DO —0.184 —0.746 0.447 —0.231 0.237
TSS 0.933 —0.132 0.191 —0.075 —0.066
Iron 0.980 0.003 —0.150 0.048 0.030
Nitrate —0.025 —0.167 0.126 0.522 0.742
Phosphate 0.985 —0.029 —0.091 0.056 0.027
Potassium —0.231 0.219 0.293 0.481 0.036
Sulphate 0.519 —0.037 0.627 -0.132 0.157
Chromium 0.394 0.434 0.578 —0.317 0.041
Flouride 0.979 —0.036 —0.141 0.053 0.044
E. coli -0.127 0.773 0.050 0.098 —0.266
Coliform 0.037 0.540 —0.473 0.120 0.361

Correlated with pH, Chromium and Sulphate PC4 correlated with Temperature and Potassium and PC 5 Correlated with Nitrate.
Further Table 6 defined the relationships between variables and the results of correlations between parameters.

3.2. Output from cluster analysis

The output from the Ward Method using the Euclidean distance as a distance measure resulted in the following dendrograms in
Fig. 4a—c. According to the cluster analysis shown in the dendrogram Fig. 4a for the sampling points represented as C1 formed by P1
and P2 which are upstream. Whereas cluster C2 formed by P3 and P4 which are downstream. This showed a clear distinction between
the location of the point in the river and their closest distance. With Fig. 4b it was observed that the dendrogram is clustered seasonally
that is C1 formed the wet months of August, July and June. Whereas cluster C2 formed the dry months of April March and February.



Table 6
Correlation of water quality parameters.
Turbidity Temp pH EC CaCO5 TDS DO TSS Fe NOs- PO K S04 Cr F- E. coli Coliform
Turbidity 1
Temp —0.05 1
pH 0.27 0.13 1
EC —-0.76 0.25 —-0.15 1
CaCO3 0.52 0.30 -0.29 —0.41 1
TDS —0.50 0.20 —0.16 0.79 -0.31 1
DO 0.02 —0.08 —0.44 0.21 —0.10 0.35 1
TSS 0.97 —0.05 0.21 —0.80 0.55 -0.57 0.02 1
Fe 0.84 -0.16 0.24 —0.94 0.50 —0.83 —0.26 0.87 1
NO3- —0.08 0.24 —-0.07 —0.12 0.00 0.11 0.19 —0.05 0.02 1
PO, 0.87 —-0.13 0.23 -0.93 0.52 -0.79 -0.21 0.89 0.99 0.03 1
K —-0.20 0.26 0.10 0.15 0.00 0.13 —0.04 —0.22 —0.25 0.15 -0.24 1
S042- 0.50 0.21 0.34 -0.37 0.20 —0.33 0.29 0.53 0.40 0.02 0.44 0.05 1
Cr 0.51 0.32 0.61 —0.14 0.01 -0.15 —0.06 0.47 0.28 -0.13 0.28 -0.07 0.46 1
F- 0.84 —-0.17 0.21 —-0.94 0.50 -0.81 -0.21 0.87 0.99 0.03 1 —-0.24 0.42 0.25 1
E-coli -0.11 0.27 0.42 0.09 —0.20 0.04 —0.54 -0.21 —0.12 —0.18 -0.13 0.25 —0.09 0.18 -0.15 1
Coliform -0.15 0.03 0.23 —0.14 —-0.21 —0.25 —0.50 —0.11 0.09 0.07 0.04 —0.06 -0.25 0.07 0.08 0.17 1

D 32 2LLDg Y
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Fig. 2. Scree plot of eigenvalues.
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Fig. 3. Structural matrix for rotation radar graph.

Dendrogram using Ward Method

Rescaled Distance Cluster Combine
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Clustering for stations

Fig. 4a. Clustering for stations.

This indicated that seasonality effect in the clustering.

Water quality index calculation.

The water quality index was calculated using the parameters obtained from the river Rokel at the locations defined in Fig. 1 WQI
was calculated using the following relationship
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Dendrogram using Ward Method
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Fig. 4b. Clustering for months.
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Fig. 4c. Clustering for physio chemical parameters. TSS: Total suspended solids, DO: Dissolved oxygen, TDS: Total Dissolved Oxygen. Ec: Electrical
Conductivity and Caco3: Calcium Carbonates.

ﬁ: qjxW;
wor =" e}

n

S
J

Where n is the total number of parameters included in WQI in the computation q; which is the quality rating parameter j computed by
equation (1). wj the unit weight for each parameter in the calculated equation
{V] - Vidcal}

=100x =L (&)
q./ {Sl - V[dml}

Where Vj was measured value of parameter j in the tested water sample Vjgea1 was the ideal value parameter of parameter j in pure
water the value is zero for all parameters except for Do = 14.6 mg/l and pH = 7.0 and s; is recommended WHO standard value.
Where also

W= (3)
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Where K is the proportionality constant that can be computed from

K=" 4

These values were computed from equation (3,4)
Where mean (p) and standard deviation o
Sampling point 4 showed the highest quality index whilst sampling station 1 showed the least index value Fig. 5.

3.3. Seasonal variation of water quality parameters

3.3.1. Total suspended solids (TSS)

The mean TSS for the wet season concentration was 11.74 mg/1 and the dry season concentration was 7.50 mg/1. The analysis of
variance (ANOVA) indicated significant difference between the mean of the rain season and dry season, with test of significant p <
0.05. TSS is one of the variables associated with PC 1. These results are consistent with the finding [29] which showed statically
significant different p < 0.05, with mean values of 38 mg/1 for the dry period and of 69.7 mg/1 for the rainy period. Further a mean
value of 23.5 mg/1 and 2423.65 mg/1 for the dry and rainy season respectively was reported [30].

3.3.2. Turbidity

The mean turbidity for the wet season concentration was 14.12 NTU and the dry season concentration was 6.99 NTU. The analysis
of variance indicated significant difference between the means of the rain season and dry season, with test of significant p < 0.05.
Turbidity was one of the variables associated with PC1. The increase in turbidity during the rains was due to runoff [29]. The mean wet
season values of 196.5 NTU and mean dry season value of 0.57 was reported [30]. Similarly, mean values of 29 NTU for the dry period
and 96.2 NTU for the rainy period was recorded [29]. Also, mean values of 28.5NTU for the dry period and 63NTU for the rainy period
was reported [31]. These findings corroborated the outcome of this research. But p > 0.05 which is contrary to this finding was also
reported [31].

3.3.3. Total dissolved solid (TDS) and electrical conductivity

The mean total dissolved solid for the wet season concentration was 10.04 mg/1 and the dry season concentration was 13.98 mg/1.
The analysis of variance (ANOVA) indicated significant difference between the mean of the rainy season and dry season, with test of
significant p < 0.05. TDS was one of the variables associated with PC 3 but a very weak correlation of 0.335.

Mean values of 1760 mg/l and 2 mg/1 for the dry and rainy seasons respectively was reported [30]. Mean seasonal TDS values
which are statically significantly different with p < 0.05 was reported but, these values which are 2304.5 mg/1 and 840.3 mg/1 for the
rainy and dry season respectively are contrary to this finding [31]. Also, mean TDS values of 53 mg/1 and 90 mg/1 for the dry and rainy
season respectively was recorded [29].

The mean electrical conductivity for the wet season concentration was 12.26 pS/cm and the dry season concentration was 31.80
pS/cm. Mean values of 3520 pS/cm and 466 pS/cm for the dry and rainy season respectively was recorded [30]. Also reported was 784
pS/cm and 295.2 pS/cm for the dry and rainy reasons respectively [32]. Mean values of 252 pS/cm and 235 pS/cm for rain and dry
seasons respectively was reported which are contrary to this study [29].

The analysis of variance (ANOVA) indicated no significant difference between the mean of the rain season and dry season, with test
of significant p > 0.05 Electrical conductivity was one of the variables associated with PC 1 but a negative correlation

3.3.4. pH, temperature and Dissolved Oxygen (DO)

The mean wet season pH was 7.31 and dry season was 7.23. There was no significant different between the means of the two
seasons with the p — value been 0.305 which is great than 0.05 which is an indicator for difference between means. Most researchers
reported the pH range from 6.5 to 8.65 for both seasons [29,30,33]. The mean wet season temperature was 27.62 °C and the dry season
was 28.07 °C. The analysis of variance (ANOVA) indicated no significant difference between the mean of the rain season and dry
season, with test of significant p > 0.05 Temperature was one of the variables associated with PC 3. The mean wet season dissolved
oxygen concentration was 2.75 mg/1 and the dry season concentration was 2.98 mg/1. Dissolved oxygen was one of the variables
associated with PC 3 but very weak correlation. Most researchers reported the dissolve oxygen range from 1.2 to 6.8 mg/1 for both
seasons [29,30,33,34].

3.3.5. Calcium carbonates (Cacoz)

The mean wet season Cacos concentration was 82.29 mg/1 and the dry season concentration was 59.67 mg/l. The analysis of
variance (ANOVA) indicated significant difference between the mean of the rain season and dry season, with test of significant p < 0.05
CaCo3, one of the variables associated with PC 4 but a weak correlation of 0.551. Mean values of 145.2 mg/1 and 170.3 mg/1 for the dry
and wet seasons respectively was reported which is consistent with this finding [32]. A contrary mean values of 180 mg/1 and 88 mg/1
for dry and wet reasons was reported [34].
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Fig. 5. Water quality along the sampling sites.

3.3.6. Fluoride

The mean wet season fluoride concentration was 1.56 mg/1 and the dry season concentration was 0.11 mg/1. The analysis of
variance (ANOVA) indicated no significant difference between the mean of the rain season and dry season, with test of significant p >
0.05 was one of the variables associated with PC 1 The level of fluoride can be attributed to the erosion fluoride-bearing minerals in the
geologic substrate in a simple linear fashion and there is no significant difference between the mean values [35,36]. This finding differs
from recorded mean values of 0.14 mg/1 and 5.45 mg/1 for the rainy and dry seasons respectively, which showed a higher value for the
dry season and lower for the raining season. But regarding the statistically difference the finding are corroborated [31,37].

3.3.7. Chromium and iron

The mean wet season chromium concentration was 0.24 mg/1 and the dry season concentration was 0.21 mg/l. The analysis of
variance (ANOVA) indicated no significant difference between the mean of the rain season and dry season, with test of significant p >
0.05. Chromium was one of the variables associated with PC 1. The mean wet season iron concentration was 1.76 mg/l and dry season
concentration was 0.07 mg/1. The analysis of variance (ANOVA) indicated significant difference between the mean of the rain season
and dry season, with test of significant p < 0.05. Iron was one of the variables associated with PC 1. The iron and chromium variations
can be attributed to the erosion metals from bearing minerals in the geologic substrate in a simple linear fashion and mining runoff into
the tributaries of the river [35,36]. There are statically significant difference between the mean values for both iron and chromium.
Mean values of 0.6 mg/1 and 1.02 mg/1 for the dry and wet period for iron respectively was reported [33,36]. Also mean values of 0.01
mg/1 and 0.018 mg/1 for the dry and wet period for chromium reported which corroborated this study [38].

3.3.8. Nitrate and potassium

The mean wet season nitrate concentration was 0.22 mg/1 and the dry season concentration 0.21 mg/1. The analysis of variance
(ANOVA) indicated no significant difference between the mean of the rain season and dry season, with test of significant p > 0.05.
Nitrate was one of the variables associated with PC 4 but with a weak correlation. Researches have reported values of 46.85 mg/1, 3.16
mg/] for the wet season and 37.40 mg/1 and 1.2 mg/1 for the dry season which corroborated this study [32,34].

The mean wet season potassium concentration was 2.84 mg/1 and the dry season concentration was 3.89 mg/1. Potassium was one
of the variables associated with PC 4 but with a weak correlation., Mean values of 0.55 mg/1 and 1.74 mg/1 for the wet and dry seasons
respectively was reported which corroborated this study [31]. A contrary mean values of 15 mg/1 and 11.5 mg/1 was reported with no
statically significant mean difference recorded [32].

3.3.9. Phosphate and sulphate

The mean wet season phosphate concentration was 23.97 mg/1 and the dry season concentration was 0.12 mg/1. The analysis of
variance (ANOVA) indicated significant difference between the mean of the rain season and dry season, with test of significant p <
0.05. Phosphate was one of the variables associated with PC 1. Mean values of 0.02 mg/1 and 16.20 mg/1 was reported for the dry and
rainy seasons respectively [31]. But also, mean values 2.32 mg/1 and 1.15 mg/1 for the dry and rainy seasons respectively was reported
which was contrary to this findings [34].

The mean wet season sulphate concentration was 12.83 mg/1 and the dry season concentration was 11.55 mg/1. The analysis of
variance (ANOVA) indicated significant difference between the mean of the rain season and dry season, with test of significant p < 0.05
sulphate was one of the variables associated with PC 3. Mean values of 10.50 mg/1 and 70 mg/1 for the dry and the rainy seasons
respectively was reported [31]. But a contrary report in terms of seasonal variation 79.8 mg/1 and 45 mg/1 for the dry and rainy seasons
respectively was reported [32].

3.3.10. E. coli and Total Coliform

The mean wet season E. coli concentration was 11.92 CFU/ml and the dry season concentration was 12.50 CFU/ml. The analysis of
variance (ANOVA) indicated no significant difference between the mean of the rain season and dry season, with test of significant p >
0.05 E. coli was one of the variables associated with PC 4 but with a weak correlation. Mean values of 0 CFU/100 ml and 9000 CFU/
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100 ml for the dry and rainy seasons respectively was reported [29].

The mean wet season total coliform was 33.08 CFU/ml and dry season concentration was 32.79 CFU/ml. The analysis of variance
(ANOVA) indicated no significant difference between the mean of the rainy season and dry seasons, with test of significant p > 0.05.
Total Coliform was one of the variables associated with PC 2. Mean values of 53000 CFU/100 ml and 3 CFU/100 ml for the wet and dry
seasons respectively was reported [30]. Also reported was mean values of 1584 CFU/ml and 1680 CFU/ml for the dry and rainy
seasons respectively [30].

4. Conclusions

The principal component was used to characterized the quality of water in Rokel River. The detailed output from the analysis
showed five components that defined 82.628% of the total variances.

The water quality index was used to define the quality at the specified location along the course of the river. The highest water
quality index was 13 for sampling location P3 which showed it’s a grade A source and the source is good for portable water supply upon
treatment to remove the heavy metal and reduction of the nutrients.

The water quality showed seasonal variation in quality due to increase in runoff into the river tributary. The results indicated
chromium, iron, turbidity, phosphates and fluorides gave values which are higher than guideline provided by WHO.

The following parameters turbidity, total dissolved solid, total suspended solids, iron, phosphate, fluoride and sulphate showed
seasonal variations with high values during the rain and low during the dry season with significant statistical difference, it’s as a result
of direct runoff and human anthropogenic action link to seasonality.

Whereas chromium, Nitrate and Potassium showed seasonal variation but the result did not show any statistically significant
different. The variations are corroborated by the cluster analysis.

The component technique, water quality index, analysis of variance and the cluster provided a reliable classification of surface
water quality and in the future can be applied in evaluations of water quality in our river systems The study would be a monitoring tool
for environmental management.
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