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Abstract 
This study was conducted in an artisan potash extraction community in the flood plains of River 
Hadejia, Jigawa State, Nigeria. A total of twenty samples were collected and analyzed using Energy 
Dispersive X-Ray Fluorescence (EDXRF). Factor analysis based on Principal Component Analysis 
explained total variance of 83.43%. The first component (PC1) accounts for 38%, the second 
component (PC2) accounts for 18.85%, the third component (PC3)  accounts for 17.46% and the 
fourth component (PC4) accounts for 9.12%. The result of the cluster analysis showed that the metals 
were classified into three major clusters. The metals in Cluster 1 are identified as contaminants 
derived from parent rock materials that are associated with sand and Limestone; those of Cluster 2 
were derived from mixed sources of lithogenic and atmospheric sources while those of Cluster 3 were 
generally obtained from natural sources due to the presence of some metals bearing minerals in 
different locations of the study area. The result of EF showed that the metals have their source from 
crustal material of natural origin. The Geo- accumulation index indicated that the soil of Margadu is 
uncontaminated to moderately contaminated. The result of the CF showed that the soil is moderately 
contaminated with Fe and K.  The calculated value of the PLI is 0.189 (< 1) which indicated that the 
soil is generally not polluted. 
 
Keywords: Anthropogenic source, Geochemical Analysis, Geogenic source, Pollution Index, 
Soil. 
 
 
INTRODUCTION 
Soil quality is closely related to human health, particularly where contaminants accumulate. 
Soil functions both as a sink and a pathway for pollutants, enabling their transfer to 
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groundwater and the food chain. This has direct consequences for humans and animals 
health (Ding et al., 2018). In soils, heavy metals interact with sediments and with each other 
through dissolution, complexation, adsorption, and desorption, processes. This significantly 
influence plant growth, degrade soil structure, and propagate contamination along trophic 
pathways (Hussain et al., 2018). These metals are obtained from both anthropogenic and 
geogenic sources. Anthropogenic inputs include industrial activity, traffic emissions, and 
mining operations (Dayanand et al., 2023; Soltani-gerdefaramarzi et al., 2021; Adewumi & 
Laniyan, 2021). They are also obtained from agricultural practices such as the application of 
fertilizers, pesticides, herbicides, and sewage sludge (Yuan et al.,2022). Geogenic 
contributions arise primarily from the weathering of parent materials, which releases metals 
into the soil matrix (Soltani-gerdefaramarzi et al., 2021).  
 
Heavy metals are persistent environmental contaminants. They have broad spatial 
distribution, driven by their widespread use in industrial and consumer applications (Zheng 
et al., 2020). Despite this, studies targeting heavy metal contamination in soils and waters of 
the River Hadejia floodplain remain limited. Available evidence, however, points to 
emerging contamination concerns. Bichi et al., (2016), by using Instrumental Neutron 
Activation Analysis (INAA) at the Nigeria Research Reactor–1, reported spatial variability in 
metal concentrations, with some exceeding permissible limits. Dauda et al., (2017) linked 
flooding patterns to public health outcomes, reporting elevated levels of Pb and Cd in water 
samples analyzed by Atomic Absorption Spectroscopy (AAS). Similarly, Shaibu & Audu, 
(2018) assessed potable water quality in the Hadejia Jama’are River Basin. They reported 
that while most physicochemical parameters complied with WHO standards, phosphate and 
nitrate exceeded recommended limits.  
 
Subsequent investigations reinforce evidence of metal contamination in the basin.  Bichi et 
al.,  (2018), by using AAS, identified concentrations of Mg, Cr, and Pb above WHO 
thresholds in River Hadejia. Shaibu & Audu,( 2020) further established associations between 
carcinogenic metal exposure and cancer incidence, implicating As, Cd, and Cr as key 
contributors. Yusuf et al., (2020) extended the analysis to multiple environmental media 
(water, soil, plants, and fish) in Matara Uku wetlands of River Hadejia. They reported Cd 
and Pb levels above permissible limits. Collectively, these studies confirm the presence of 
heavy metal contamination across environmental compartments within the floodplain, with 
implications for ecological integrity and human health.  
 
However, most existing studies rely on empirical assessments and do not clearly resolve the 
sources of contamination. Few have attempted source apportionment using robust statistical 
or spatial frameworks. Spatial distribution mapping and multivariate statistical analysis 
provide complementary approaches for addressing this gap. Spatial mapping offers a clear 
view of contaminant dispersion across the landscape, while multivariate techniques such as 
PCA and HCA enable the identification of latent structures and non-obvious pollution 
sources (Jin et al., 2019). Their combined application has become increasingly common due 
to their ability to improve interpretability and strengthen source discrimination (Xing et al., 
2022). To the best of our knowledge, no study has systematically integrated these 
approaches to evaluate soil heavy metal distribution and sources within the River Hadejia 
floodplain.  
 
This study addresses that gap by assessing heavy metal concentrations in topsoil from 
artisanal potash extraction sites within the River Hadejia floodplain. It quantifies metal 
concentrations, evaluates the extent of soil contamination using established pollution 
indices, and identifies potential sources through integrated spatial and multivariate 
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analyses. The study also characterizes the spatial distribution of metals to delineate 
contamination patterns. The results provide a basis for contamination control strategies and 
long-term monitoring of heavy metal accumulation in the study area. 
 
The Study Area 
Margadu (12.7°N, 10.3°E) is a rural community in Birniwa Local Government of Jigawa 
State, North West, Nigeria. It is located at an altitude of 325m above sea level. The major 
occupations of the inhabitants of Margadu are farming, fishing and artisan mining of potash. 
It covered 50km2 of cultivable, irrigable land and upland (Omilola, 2009). It has an estimated 
population of four thousand people according to 2006 population Census. 
The area falls in the semiarid climatic zone (Ikusemoran & Ezekiel, 2011; Umar et al., 2019). 
The floodplain is characterized by two distinct seasons; the dry and wet season. The dry 
season last for about seven month (October to April), while the wet season last for about five 
month (May to September).  

 
Fig 1: The Map of River Hadejia showing the study area (based on Umar et al., 2019) 

 
Geologically, the area is covered by sedimentary Chad Formation. The formation is made up 
of unconsolidated sediments (Umar et al., 2019). The region has abundant underground 
water resources due to the unconsolidated sediments. 
 
MATERIALS AND METHODS 
Materials 
The following materials were used for sample collection and preparation: plastic hand 
trowel, self-locking polythene bags, handheld Global positioning System (GPS) device and 
plastic containers for sample storage. 
 
Sample collection and preparation 
Soil samples were collected at different locations where potash is locally extracted along in 
Margadu village. The samples were taken at a depth of 5 to 15cm using a plastic hand 
trowel. They were collected after the top cover soils and grasses were scraped as adopted by 
Bashir et al., (2023). A handheld Global Positioning System (GPS) device was used to record 
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the sampling points. Each sample collected was placed in a polythene bag and transported 
to the laboratory for further processing. In the laboratory, the samples were dried by 
spreading them thinly on trays in a well-ventilated environment. Later mortar and pestle 
were used to reduce particle size. To prevent cross-contamination, the grinding equipment 
was thoroughly cleaned between successive samples. The processed samples were then 
homogenized carefully to ensure consistency in composition. Finally, the homogenized soil 
samples were transferred into clean, properly labeled containers for subsequent analysis and 
processing.  
 
Sample characterization 
The samples were analyzed using Energy Dispersive X-Ray Fluorescence (ED-XRF) at the 
Centre for Dry Land Agriculture (CDA), Bayero University, Kano. The instrument used is 
Bruker S2 Ranger outfitted with a side window CX-Ray tube (50W) with a silver anode. It 
has Silicon Drift Detector (SDD) with high sensitivity and resolution. It has the capacity to 
analyze 28 samples simultaneously. The device offers several advantages and features 
including high sensitivity for detecting a wide range of elements and non-destructive 
analysis ensuring sample integrity. Oyedotun, (2018) and  Xing et al., (2022) utilized this 
device and reported its effectiveness and efficiency. 
 
Descriptive Statistical Analysis 
Descriptive statistical analysis deals with the statistical parameters which are generally 
accepted as indicators of the central tendency and spread of data (Ramzan et al., 2017). This 
includes description of mean, minimum and maximum values, standard deviation and 
coefficient of variation. Skewness and Kurtosis were also examined to determine whether or 
not the distribution followed the normal frequency distribution. The coefficient of variation 
was used to assess the variability of different data sets. In this study, Microsoft Excel 2010 
and Origin Pro 8.5 were used. 
 
Multivariate Statistical Analysis 
Multivariate statistical techniques are powerful tools widely employed in geochemical 
exploration to interpret large and complex datasets involving multiple elements (Acosta et 
al., 2011). These methods are essential for identifying patterns, associations, and potential 
sources of elemental concentrations in soils, sediments, waters, and other environmental 
media. assessments (Qishlaqi & Moore, 2007).  
 
Correlation Analysis 
Pearson correlation analysis was adopted in order to quantitatively analyse and confirm the 
relationship between the metals( Krishna & Mohan, 2016; Qishlaqi & Moore, 2007; Orosun et 
al., 2005). This analysis is useful in confirming association between metals. When analysing 
data from soil samples, positive correlation between metals indicates that they have the 
same source or co-contamination while negative correlation indicates that the metal pair are 
derived from different sources or origin (Chandrasekaran et al., 2015). The analysis was 
carried out using IBM® SPSS® statistics version 26. 
 
Principal Component Analysis (PCA) 
The essence of PCA is to validate the possible tracers of elements natural enrichment, or 
anthropogenic inputs (Wang et al., 2018). It is also used to detect the source of elements, as 
reported by Zhang et al., (2018) and Chandrasekaran et al.,(2015). The elements 
concentrations obtained in this study contain numerical values spanning several orders of 
magnitude. As a result, each variable's values were first normalized to a unit variance. After 
confirming the dataset's appropriateness for factor analysis, PCA with Varimax rotation was 
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used to assess the normalized data value and only components with Eigenvalues greater 
than one unit after rotation were used. This is as adopted by Zhang et al., (2018). Varimax 
rotation was used in order to maximize the variance of the factor loadings across variables. 
According to Chandrasekaran et al., (2015), Factor loadings 0.7 are typically regarded as 
excellent and 0.32 very poor. IBM SPSS statistica version 26 was used for PCA. 
 
Hierarchical Cluster Analysis (HCA) 
The essence of HCA in this study is to identify similarities, reveal spatial relationships and 
uncover the hierarchical structures of contamination pattern. According to Zhang et al. 
(2018), locate relative homogeneous groups of variables by employing an algorithm that 
starts with each variable in its own cluster and combines clusters until only one remains. A 
dendrogram was used to visually demonstrate the cluster relationship between the 
elements. IBM SPSS statistica version 26 was used in this study for HCA. 
 
Geospatial Distribution 
In this study, distribution pattern of elements has been plotted as contour maps using 
Golden Software’s Surfer, version 8.0. They were plotted by taking the sampling locations as 
input values for the coordinates.  The spatial distribution of elements is critical for assessing 
soil quality and identifying contamination sources (Krami et al., 2013). Geospatial techniques 
are the most cost-effective tools for locating pollutants and providing a full picture of their 
spatial distribution over a greater area (Chandrasekaran et al., 2015).  
  
Quantification of soil pollution 
The essence of quantifying soil pollution is to assess the level of contamination and also 
detect possible anthropogenic impact on the soil (Adedeji et al., 2020). It can also distinguish 
between natural geogenic inputs and anthropogenic sources (Ghrefat et al., 2021).  
 
Enrichment Factor (EF) 
The enrichment factor (EF) is used widely in pollution analysis to quantify the 
anthropogenic influences on heavy metals pollution ( Ghazban et al., 2018; Wu et al., 2018; 
Zhu et al., 2017; Clark et al., 2014).The most common technique used is the normalization of a 
tested element against a reference one. A reference element is often a conservative one such 
as the most commonly used elements: Al, Fe, Mn, Ti, etc. Enrichment Factor is calculated 
using the equation modified by (Loska et al., 2004; Yongming et al., 2006).  

                               𝐸𝐹 =
(𝐶𝑛)𝑠𝑎𝑚𝑝𝑙𝑒

(𝐶𝑟𝑒𝑓)
𝑠𝑎𝑚𝑝𝑙𝑒

/
(𝐵𝑛)𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑

(𝐵𝑟𝑒𝑓)
𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑

                                                  (1) 

 

where (𝐶𝑛)𝑠𝑎𝑚𝑝𝑙𝑒 is the concentration of the examined element,  (𝐶𝑟𝑒𝑓)
𝑠𝑎𝑚𝑝𝑙𝑒

is the 

concentration of the reference element in the examined environment, (𝐵𝑛)𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 is the 

crustal value of the examined element and (𝐵𝑟𝑒𝑓)
𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑

  is the crustal value of the 

reference element. 
 
 Sutherland, (2000) categorized EF into five groups. They are: EF < 2: deficiency to minimal 
enrichment; 2 = EF <5: moderate enrichment; 5 = EF < 20: significant enrichment; 20 = EF < 
40: very high enrichment; 40 = EF: extreme high enrichment 
 
Enrichment factor can also be used to differentiate between elemental concentrations from 
anthropogenic source and natural source. According to Yongming et al., 2006; Ghazban et al., 
2018; Chandrasekaran et al., 2015; Alonso-hern, 2016; Ghrefat et al., 2021),  EF between 0.5 
and 2 indicates that the soil had no anthropogenic inputs i.e. it’s from crustal materials or 
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natural origin while those with EF greater than 2 indicates that the sources are likely 
anthropogenic and EF greater than 10 indicates that the metal has non crustal source. 
 
Due to lack of local reference values for metal concentration, the earth’s crust background 
values reported by Turekian and Wedephol, (1961)  were used, despite the advantages and 
disadvantages of its use. This was also adopted by  Pablo et al., (2016) and Abrahim & 
Parker, (2008).  
 
Percentage Enrichment Factor 
It is obvious that as enrichment factor value increases the contribution from non-crustal 
sources also increases. The Percentage enrichment factor is used in evaluating soil 
contamination due to considerable influence of anthropogenic transformation. The 
percentage enrichment factor is defined by Zonta et al., (1994); Loska et al., (2003); Loska et 
al., (2004), as  

   %𝐸𝐹 =
𝐶−𝐶𝑚𝑖𝑛

𝐶𝑀𝑎𝑥−𝐶𝑚𝑖𝑛
× 100                                                        (2) 

where 𝐶 is the mean total concentration in the soil sample, 𝐶𝑚𝑖𝑛 is the minimum 
concentration   
 
Geo-accumulation index (𝐈𝐠𝐞𝐨) 

Geo-accumulation index (Igeo) is used in assessing the temporal variation of trace elements 
by comparing the present-day metal concentrations in soil with the geochemical background 
(Şimşek et al., 2022). 𝐼𝑔𝑒𝑜 is widely applied for evaluating individual metal pollution. It is 

calculated using the equation adopted by Muller, (1969) 
.  

            𝐼𝑔𝑒𝑜 = log2 (
𝐶𝑛

𝑘𝐵𝑛
)                                                              (3) 

The seven classes of Geo-Accumulation index proposed by Müller (1969) are: GI ≤ 0, 
uncontaminated (Class 0); 0 < GI ≤ 1, uncontaminated to moderately contaminated (Class 1); 
1 < GI ≤ 2, moderately contaminated (Class 2); 2 < GI ≤ 3, moderately to heavily 
contaminated (Class 3); 3 < GI ≤ 4, heavily contaminated (Class 4); 4 < GI ≤ 5, heavily to 
extremely contaminated (Class 5); and. GI > 5, extremely contaminated (Class 6). 
Due to lack of local reference values for metal concentration, the earth’s crust background 
values were used, despite the advantages and disadvantages of its use (Abrahim & Parker, 
2008; Pablo et al., 2016).  
 
Contamination Factor (CF) 
CF is used to quantify the elemental risk to the environment and human health 
(Chandrasekaran et al., 2015). The history and degree of contamination can be recorded by 
the soil (Nobi et al., 2010). Thus the contamination factor is considered as an effective way in 
monitoring pollution over a period of time. It is obtained using equation 4 

                                                                         
𝐶𝑚𝑒𝑡𝑎𝑙

𝐶𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑
                                                             (4) 

where  𝐶𝑚𝑒𝑡𝑎𝑙 is the concentration of metal in soil is sample and 𝐶𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑 is the crustal 

value of the metal. According to Forstner et al., (1990)), contamination factor may be 
classified based on its intensity ranging from 1 to 6 (0 = none, 1 = none to medium, 2 = 
moderate, 3 = moderate to strong, 4 = strong, 5 = strong to very strong and 6 = very strong). 
 
Pollution Load Index 
The pollution Load Index (PLI) is a measure of the degree of contamination at a sampling 
site. PLI is calculated using  
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                                                   𝑃𝐿𝐼 =  (𝐶𝑓1 × 𝐶𝑓2 × 𝐶𝑓3 × … × 𝐶𝑓𝑛)
1

𝑛                                     (5) 

Where n = number of assessed metals and 𝐶𝑓 is the contamination factor of individual 

contaminant. Wang et al., (2010) classified PLI into four groups. 𝑃𝐿𝐼 < 1 : No pollution, 1 ≤
𝑃𝐿𝐼 < 2: Moderate pollution, 2 ≤ 𝑃𝐿𝐼 < 3: Heavy pollution and 𝑃𝐿𝐼 ≥ 3: Extreme pollution 
 
RESULTS AND DISCUSSION 
 
Descriptive Statistics 
Descriptive data analysis comprising mean, minimum, maximum, standard deviation, 
Skewness and kurtosis were carried out. The standard statistical analysis was carried out to 
describe the metal content in the soil. Characteristics of metals concentration in soil samples 
of Margadu were shown in Table 1. 
 
The mean concentration of metals Al, K, Fe, Ca, Mg, Ti, Zr, Cr, La, Ce, Mn and Zn are 
45515.4, 28723.1, 25146.2, 7646.2, 5430.8, 893.8, 379.23, 18.15, 47.69, 40.77, 169.23 and 10.77 
respectively. 
 
Table 1 Descriptive Statistics of Elements in Margadu 

S/N Element 
No. of 

Observations Mean Min. Max. 
Stand. 
Dev. Skewness Kurtosis 

1 Al 20 45515.4 33000 58300 9036.301 0.170936 -1.51389 

2 K 20 28723.1 17500 47200 8992.233 1.000047 0.480504 

3 Fe 20 25146.2 10500 55500 11382.12 1.622835 3.63471 

4 Ca 20 7646.15 3300 29400 6764.32 3.207535 10.87541 

5 Mg 20 5430.77 BDL 11000 2900.398 -0.34987 0.778625 

6 Ti 20 893.8 580 1140 183.1 -0.49132 -0.72795 

7 Zr 20 379.231 190 570 129.0647 0.078255 -1.39533 

8 Cr 20 18.15 BDL 60 16.41 1.122 2.741 

9 La 20 47.6923 BDL 140 50.02563 0.402039 -1.20776 

10 Ce 20 40.7692 BDL 90 35.93085 -0.08653 -1.67882 

11 Mn 20 169.231 BDL 1000 337.6009 1.818865 2.185186 

12 Zn 20 10.769 BDL 50 14.839 1.6321 3.1402 

 
The mean concentration of Al, K, Fe, Zr and La are higher than the crustal value reported by 
Turekian and Wedephol (1961) while the concentration of Ca, Mg, Ti, Cr, Ce, Mn and Zn is 
less than the crustal value in all sampling locations. The concentration of La is greater than 
the crustal value reported by Turekian and Wedephol (1961). Metal concentration reveals 
that Al, K and Fe are the most dominant metals in the study area. The standard deviation 
data exhibits a wide range in metal concentration in the study area.  
 
The concentration of Al is very high due to the sedimentary nature of the environment. This 
is in agreement with the findings of Chandrasekaran & Ravisankar, 2015). The high 
concentration of Fe is not a major concern because it is non-contaminant. The mean 
concentrations of the metals in descending order is Al > K > Fe > Ca > Mg > Ti >Zr > Mn > 
La> Ce > Cr > Zn  
 
Enrichment Factor (EF) 
The EF is a suitable measure of geochemical index that is applied to determine whether the 
source of a metal is lithogenic or anthropogenic (Ye et al. 2011). The most common technique 
used is the normalization of a tested element against a reference one. In this work Fe is 
considered as reference element due to its normal distribution.  Fe also shows practically 
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uncontaminated 𝐼𝑔𝑒𝑜 index.  In this study area, the EF of Al, K, Ca, Mg, Zr, La, Ce, Mn, Cr 

and Zn are in the range of 0.3 to 1.23, 0.5 to 1.7, 0.02 to 0.23, 0 to 0.023, 0.33 to 2.12, 0 to 2.3, 0 
to 0.43, 0 to 0.17, 0 to 1.21, 0 to 1.31 respectively. The mean value of EF for Margadu is given 
in Table 2. 
 
Table 2:  Enrichment factor and percentage EF for Margadu 

                         Mean Values 

PI Al K Ca Mg Zr La Ce Mn Cr Zn 
EF 0.794 1.136 0.081 0.345 0.789 0.838 0.166 0.0523 0.367 0.240 
% EF 49.47 37.79 16.65 49.37 49.80 34.07 45.30 16.92 30.25 21.54 

 PI, Pollution Index; EF, Enrichment Factor; %EF, Percentage Enrichment Factor  
 
Ye et al., (2011) and Yongming et al., (2006) suggest that heavy metals with EF values less 
than 2 were not a major concern contaminants.  The result of this study area shows that the 
enrichment factor of all elements are less than two and this indicates that there is deficiency 
in minimal enrichment. The result also shows that all elements considered in this study have 
their source from crustal materials of natural origin. This is because according to Ghrefat et 
al., (2021), Alonso-hern et al., (2016), Chandrasekaran et al., (2015), Ghadimi et al., (2013) 
..Yongming et al., (2006), EF values between 0.5 and 2 indicates that the soil had no 
anthropogenic inputs. 

 
Percentage Enrichment Factor (%EF) 
The calculated values of percentage enrichment factor for this study area is given in Table 2 
The concentration of K (37.79%), Fe (32.57%), Ca (16.65%), La (34.07%) Mn (16.92%), Cr 
(30.25%), Zn (21.54%) is due to natural origin while those with concentrations higher than 
that may probably have their origin from anthropogenic source. This is as adopted by  
Chandrasekaran et al., (2015).  
 
Geo Accumulation Index (𝐈𝐠𝐞𝐨) 

Geo accumulation index comprises of seven classes ranging from unpolluted to highly 
polluted soils (Maria & Naseem, 2011). Table 3 gives the geo accumulation index of Margadu.  
The geo accumulation index values belongs to class 0 except Al, K, Fe, Zr,  La that are in class 
1 and Ti that is in class 2. Al has a range of values between -0.18 to 0.64 with a mean value of 
0.25. The mean value classifies the soil as uncontaminated to moderately contaminated. K has 
a minimum value of 0.12, a maximum value of 0.99 and a mean value of 0.78 and this also 
classified the soil as uncontaminated to moderately contaminated. Zr has a range of values 
between -0.79 and 0.78 with a mean value of 0.12. The mean value classifies the soil as 
uncontaminated to moderately contaminated. The 𝐼𝑔𝑒𝑜values of La ranged from 0 to 1.6 with 

mean value of 0.50. The mean value revealed that the soil is uncontaminated to moderately 
contaminated.  
 
Table 3: Geo Accumulation Index for Margadu 
                                                        Mean Values   

Element Al K Fe Ca Mg Ti Zr La Ce Mn Cr Zn 
Mean 𝐈𝐠𝐞𝐨 0.25 0.78 0.65 -3.2 -0.98 -1.36 0.12 0.50 -0.68 -0.19 -0.91 -0.08 

 
Contamination Factor (CF) 
 The contamination factor is the ratio of concentration of each metal and the concentration of 
the background (reference) value of the element. The result of the contamination factor of the 
soil samples obtained from Margadu is given in Table 4  
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Table 4: The contamination factor values of Margadu 

Element Al K Fe Ca Mg Ti Zr La Ce Mn Cr Zn 

CF 1.82 2.68 2.57 0.19 0.78 0.59 1.72 1.59 0.44 0.19 0.73 0.67 

 
The result of this study shows that the soil have medium contamination of Al, Zr and La and 
it is moderately contaminated by K and Fe. The moderate contamination by K may be due to 
its excessive deposit in the study area while the contamination by Fe may be due to 
influence of external discrete sources like human activities, agricultural run-off and other 
anthropogenic inputs. The result also showed that the soil is not contaminated by Ca, Mg, 
Ti, Ce, Mn, Cr and Zn. 
 
Pollution Load Index 
The Pollution Load Index (PLI) provides a simple comparative means for assessing heavy 
metal pollution. In this study the calculated value of PLI is 0.189 which indicated that the 
soil is not polluted by heavy metals since the value is less than 1. 
 
Correlation Analysis 
Table 5 gives Pearson Correlation Analysis for Margadu. From the table, there is strong 
correlation (0.5≤ r < 0.7) between Al and K, K and Mg, K and Mn, Fe and Mn, Ca and Mg, Ca 
and Mn, Ti and Ce. The correlation is significant at p ≤ 0.001 level. The strong positive 
correlation amongst the metals indicates their common origin i.e. from parent rock, sulphide 
minerals and carbonates. In Margadu, potassium shows a strong positive correlation with 
Al, Mg and Mn. This indicates that these elements were derived from a common source i.e. 
lithogenic source. Likewise, Ti and Ce were also significantly correlated since these metals 
are present in the parent rock material. 
 
 Table 5: Correlation Analysis for Margado 

Bold values indicates strong correlation between metals 

 
Cluster Analysis (CA) 
The essence of cluster analysis is to examine the potential sources of trace elements in the 
study area. The result of the CA is depicted in dendrogram depicted in Figure 2. The result 
of the CA showed that the metals were classified into three major clusters. Cluster 1 includes 
Cr, Zn, Ce, La, Mn, Zr and Ti. These metals are identified as contaminants derived from 
parent rock materials that associated with sand and Limestone. Cluster 2 consists of Ca and 
Mg. These elements are derived from mixed sources of lithogenic and atmospheric sources. 
Cluster 3 consists of Al, K and Fe. These metals are generally obtained from natural sources 
due to the presence of some metals bearing minerals in different locations of the study area. 
This is as reported by  Chandrasekaran & Ravisankar, (2015). 

  
Al(ppm

) K(ppm) Fe(ppm) 
Ca(ppm

) 
Mg(pp

m) Ti(ppm) 
Zr(ppm

) 
La(ppm

) 
Ce(ppm

) 
Mn(pp

m) 

Al(ppm) 1          

K(ppm) 0.664988 1         

Fe(ppm) 0.443849 0.502249 1        

Ca(ppm) 0.460346 0.551524 0.171416 1       
Mg(ppm
) 0.343884 0.686913 0.098754 0.659224 1      

Ti(ppm) 0.537772 0.058059 0.551193 0.097473 -0.14837 1     

Zr(ppm) 0.018017 0.300872 0.260799 0.115255 -0.20785 0.53649 1    

La(ppm) -0.0248 -0.16122 -0.44135 0.277142 0.12229 -0.17818 0.389488 1   

Ce(ppm) 0.584379 0.467548 0.500759 0.325909 0.025342 0.675913 0.512278 0.288512 1  
Mn(ppm
) 0.501972 0.731256 0.688083 0.695836 0.302321 0.446952 0.372354 -0.17232 0.469264 1 
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  Figure 2: Dendrogram depicting Hierarchical Clustering of Metals 

 
Principal Component Analysis (PCA) 
The essence of PCA is to express the level of contamination through heavy metals due to 
lithogenic action and anthropogenic sources. In this work Varimax normalized rotation is 
performed and four principal components were obtained. The four components accounts for 
83.43% of the total variance. Table 6 gives the total variance explained by the PCA.  The first 
component (PC1) accounts for 38% of the variance. The second component (PC2) accounts 
for 18.85% of the variance. The third and fourth components (PC3) and (PC4) accounts for 
17.46% and 9.12% respectively. PC1 which is the most important component has high 
loadings of AL, K, Fe, Ti, Mn and Ce. PC2 has a high loading of Zr and Cr. PC3 has a high 
loading of Ca and Mg While   PC4 has a high loadings of La. Comparing the result of PCA 
with that of CA, it can be deduced that all the metals in PC1 and PC2 of the PCA are present 
in cluster 1 and cluster 3 of the CA. These are the metals that have lithogenic source. It can 
also be deduced that the metals in PC3 of PCA are also present in cluster2 of the CA. These 
elements are derived from mixed sources of lithogenic and atmospheric sources. 
 
Comparing the result of PCA with that of CA, it can be deduced that all the metals in PC1 
and PC2 of the PCA are present in cluster 1 and cluster 3 of the CA. These are the metals that 
have lithogenic source. It can also be deduced that the metals in PC3 of PCA are also present 
in cluster2 of the CA. These elements are derived from mixed sources of lithogenic and 
atmospheric sources. 
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Table 6: Total Variance Explained for the PCA and component matrices 
Total Variance Explained 

Component 

Initial Eigenvalues 
Extraction Sums of Squared 

Loadings 
Rotation Sums of Squared 

Loadings 

Total 
% of 

Variance 
Cumulative 

% Total 
% of 

Variance 
Cumulative 

% Total 
% of 

Variance 
Cumulative 

% 

1 4.561 38.009 38.009 4.561 38.009 38.009 4.007 33.394 33.394 

2 2.261 18.845 56.854 2.261 18.845 56.854 2.685 22.375 55.769 

3 2.095 17.457 74.311 2.095 17.457 74.311 1.698 14.150 69.920 

4 1.094 9.120 83.431 1.094 9.120 83.431 1.621 13.511 83.431 

5 .661 5.510 88.940       

6 .631 5.259 94.200       

7 .287 2.395 96.595       

8 .210 1.748 98.343       

9 .126 1.052 99.395       

10 .049 .410 99.805       

11 .019 .155 99.959       

12 .005 .041 100.000       

Extraction Method: Principal Component Analysis. 
 

 

 
Spatial Distribution 
Spatial distribution using contour maps is an effective tool used in the determination of 
areas with concentration of metals (Saha et al., 2016). It provides a simple and effective 
means of presenting results in pollution analysis and it assess the possible sources of 
enrichment (Chandrasekaran et al., 2015). Spatial distribution pattern of twelve (12) metals 
concentration in soil samples collected from Margadu are presented in Figure 3(a - l).  
  

 

Component Matrix 

 

Component 

1 2 3 4 

Al .796 -.237 -.070 .435 

K .850 .068 -.043 -.174 

Fe .730 -.038 -.402 -.247 

Ca .628 -.153 .683 -.116 

Mg .337 -.596 .609 .061 

Ti .743 .317 -.398 .126 

Zr .369 .820 .105 -.071 

Cr -.462 .609 -.249 .006 

La -.096 .451 .691 .507 

Ce .707 .445 -.010 .377 

Mn .838 .055 .123 -.418 

Zn .226 -.523 -.604 .449 

Extraction Method: Principal Component 
Analysis. 
 

 
 

 
Rotated Component Matrix 

 
Component 

1 2 3 4 

Al .608 .439 .556 .116 

K .782 .339 -.027 -.179 

Fe .713 .122 .139 -.463 

Ca .328 .831 -.262 .175 

Mg -.101 .904 .085 .091 

Ti .875 -.111 .216 -.040 

Zr .652 -.253 -.473 .334 

Cr -.085 -.744 -.240 .165 

La -.048 .089 -.234 .940 

Ce .810 .027 .127 .409 

Mn .729 .465 -.274 -.269 

Zn .108 .003 .905 -.245 

Rotation Method: Varimax with Kaiser 
Normalization. 

a. Rotation converged in 10 iterations. 
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                                     (a). Aluminum                                                         (b). Calcium 

                             
                                         (c). Cerium                                                            (d). Chromium 

                           
                                               (e). Iron                                                                  (f). Lanthanum 

               
                          (g). Magnesium                                                             (h). Manganese 

        
                               (i). Potassium                                                                 (j). Titanium 
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                                   (k). Zinc                                                                   (l). Zirconium 

Fig 4 (a-l): Spatial distribution of metals in different sampling points. 

 
The map of Al, Mg, K, and Ti shows the occurrence of higher concentrations in all sampling 
locations. The distribution pattern of Zn and Cr shows lighter concentrations in the samples. 
In this study Al, Ca, Mg, Mn, K, Ce, Fe and Ti showed a similar pattern with hotspots 
located in the west and south west part of the study area. This indicates that they are from 
the same source and all these metals are in the first component (PC1) of the principal 
Component Analysis. Likewise, Cr and Zr also showed a similar pattern with hotspots 
located simultaneously in the center of the study area.  This indicates that they are from the 
same source and it is in agreement with the results of both CA and PCA.   
 
CONCLUSION 
This study assessed heavy metal concentrations, contamination status, spatial distribution, 
and possible sources of metals from top soils of  Margadu, River Hadejia, floodplain, 
Nigeria. The mean concentrations of the metals followed the order Al (45515.4 ppm) > K 
(28723.1 ppm) > Fe (25146.2 ppm) > Ca (7646.2 ppm) > Mg (5430.8 ppm) > Ti (893.8 ppm) > 
Zr (379.2 ppm) > Mn (169.2 ppm) > La (47.7 ppm) > Ce (40.8 ppm) > Cr (18.2 ppm) > Zn 
(10.8 ppm). Enrichment factor values for all metals were below 2, indicating deficiency to 
minimal enrichment and suggesting mainly natural lithogenic sources. The geo-
accumulation index classified most metals as uncontaminated, while Al, K, Fe, Zr, and La 
were classified as uncontaminated to moderately contaminated. The pollution load index 
value of 0.189 further confirmed that the soils are generally not polluted by heavy metals.  
 
Correlation analysis showed strong positive relationships among several metals, including 
K–Mn (r = 0.731), Fe–Mn (r = 0.688), and Ca–Mn (r = 0.696), indicating common geological 
origins. Principal Component Analysis extracted four components explaining 83.43% of the 
total variance, while Hierarchical Cluster Analysis grouped the metals into three major 
clusters associated mainly with lithogenic sources. Spatial distribution maps revealed 
similar hotspot patterns for Al, Ca, Mg, Mn, K, Ce, Fe, and Ti, particularly in the western 
and southwestern parts of the study area. Overall, the results indicate that the soils in 
Margadu are largely controlled by natural geological processes with limited anthropogenic 
contamination. 
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