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Abstract
The present study focused on pollution status of groundwater in the industrial areas of Challawa and Sharada in Kano city 
based on pollution indices, statistical and spatial analyses. Twenty groundwater samples representing groundwater of the 
studied areas (Ten from each area) were analyzed for the presence of Cd, Cr, Ni, Fe, Mn and Zn using atomic absorption 
spectrophotometer. The result showed 95%, 5%, 60%, 15% and 25% of the analyzed water samples had detectable Cd, Cr, 
Ni, Fe, and Mn above the drinking water limits of both Nigerian standards for drinking water quality NSDWQ and World 
Health Organization (WHO) with Cd dominating other analyzed heavy metals in the groundwater. Evaluation of heavy 
metal pollution revealed a low polluted status based on the contaminant index (Cd), synthetic pollution index, heavy 
metals evaluation index, and heavy metal pollution index. Metal index categorized the groundwater as seriously polluted. 
The statistical evaluation gave strong and positive correlations between indices and a moderate one between the metallic 
ions. Component analysis revealed a strongly positive loading of Fe, Ni and Zn while Cd had a strong negative loading. Cr 
and Mn were positive and moderately loaded. Statistical analyses suggested both anthropogenic and geogenic sources 
for the heavy metals mainly from the industrial and agricultural practices and rock weathering processes, respectively. 
This study is expected to be a useful tool in the planning, monitoring and mitigation of pollution activities in the area.

Article Highlights 

•	 The pollution status of groundwater with respect to 
heavy metals was investigated in the Challawa and 
Sharada industrials zones in Kano city Nigeria

•	 The concentration of Cd, Fe, Ni, Cr Mn and Zn was 
determined using the AAS

•	 Different Pollution indices of HPI, HEI, SPI, Cd and MI 
were utilized to categorized the area as low, medium 
and highly polluted.

•	 Spatial and temporal distribution maps demarcated 
based on the metal concentrations and computed 
indices in the area.

•	 CA, PCA, and HCA were used to identified the geo-
chemistry, relationship, sources and origin of heavy 
metals in groundwater.

•	 The study revealed zones with low to high-risk ground-
water in terms of toxic heavy metals and pollution status.
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1  Introduction

The safety, purity and potability of water both surface and 
ground are constantly being threatened by both natural 
and anthropogenic processes [1]. These natural processes 
which are mostly geologic in nature include among oth-
ers rock weathering, volcanic process. As reported by [2] 
pathways of heavy metals in the environment are mainly 
ground deposition, surface runoff, dry and wet deposi-
tions, air and gas exchange processes as well as ground-
water. Anthropogenic processes capable of degrading 
the quality of water include among others Industrial pro-
cesses such as the release of partially/untreated industrial 
effluents, mining and metal processing activities, sewage 
and waste disposal, agricultural activities like pesticides, 
herbicides application, the use of metal-based fertilizers, 
manures and poultry byproducts [3–7]. These processes 
and activities contribute large quantity of heavy metals 
into the water sources with some of these metals being 
toxic, poisonous and hazardous and hence life threatening 
to both humans and animals in the environment. When 
water containing these toxic trace metals is consumed, it 
can affect the well-being of people. Being non-biodegrad-
able, the toxic metals when consumed remain in the body 
system through the process of bioaccumulation where 
they attack major and vital delicate organs which finally 
lead to their malfunctions [8]. Apart from being carcino-
genic, the enrichment of trace heavy metals in water can 
lead to many ailments in humans. At very high concen-
trations trace metals can cause the malfunctions of many 
organs in the human body. The itai-itai disease which is 
Cd-related disease is very painful and can result in wastage 
and embrittlement of bones [9]. Chronic exposure to the 
metal can lead to kidney disorders, anemia, emphysema, 
anosmia (loss of sense and smell), cardiovascular diseases, 
renal problems, and hypertension. Chromium at low level 
of exposure can irritate the skin and cause ulceration. 
Long-term exposure can cause kidney and liver damage, 
as well as damage to both circulatory and nerve tissues, 
nose ulcers, asthma, change in DNA, hemolysis, carcinoma, 
damage to liver and kidney. Excess nickel can be mildly 
toxic. A long-term exposure to nickel can cause decrease 
in body weight, chronic bronchitis, heart and liver damage, 
skin irritation, impaired pulmonary function, fibrosis, and 
emphysema [9, 10]. High exposure to manganese through 
drinking water can cause adverse effects by causing neu-
rological problems, tremor, psychological symptoms such 
as irritability. The deficiency of Mn can lead to a decreased 
ability to store and use thiamin which is vitamin B1. Some 
authors believed that Parkinson’s disease may be casually 
related to Mn [11].

According to [12] heavy metals like Pb, Cd, Hg, Zn, Cu, 
Cr, Ni, and As are common "pollution elements" produced 
through modern urban, industrial, and agricultural pro-
cesses. The discharge of partial and untreated tannery 
effluents and associated toxic compounds into a river 
system can be a threat to public health and is an issue of 
concern to the environment. The human population living 
in close proximity to the Challawa river is affected by tan-
nery wastes, plastic wastes and chemicals. Metals that are 
released by the industries in the area may pollute the soil, 
leach into the water table and contaminate the water to be 
used for drinking and irrigation purposes. The process can 
lead to the degradation and change in the quality of drink-
ing water. [13] pointed out that with the increase in the 
concentrations of heavy metals in the environment, the 
capacity of soils towards retaining those metals decreases 
and thus will facilitate their leaching into groundwater and 
soil solution.

The presence of heavy metals in high concentrations in 
groundwater has necessitated the use of different mathe-
matical and statistical models in the evaluation of the con-
tamination and pollution levels as well as the evaluation 
of the associated health risk of such toxic heavy metal’s 
concentration levels in groundwater. All water samples 
would contain individual elements in different concentra-
tions. Therefore, the quality of any water to be utilized for a 
particular purpose will depend on the concentration value 
of chemical parameters present in the water compared 
to their desirable and permissible limits as per national 
and World Health Organization standards [14]. A compre-
hensive quality assessment that will completely take into 
consideration all the effects of individual water chemical 
constituents can be provided by the Indexing approach.

Several heavy metals Indexing methods have been pro-
posed and used by different scholars in the assessment of 
pollution status and quality of water in respect to heavy 
metals concentration in both surface and groundwater 
globally [6, 7, 15–27]. However, [16] showed that the index-
ing method can provide a composite picture on the aggre-
gate impact of each heavy metal on the overall water qual-
ity. Pollution indices are effective tools used by executives, 
environmental managers, stake holders as well as decision 
makers for water quality assessment, because it has the 
advantage of measuring the combined influences of the 
entire detected chemical parameters in given water sam-
ple as it affects the quality of water. Statistical techniques 
have assisted greatly in the evaluation and interpretation 
of complex data matrices for understanding water quality 
and a variety of environmental factors as well as sources 
identifications of pollutants in groundwater. Multivariate 
Statistical approach is used to identify the origin or sources 
of pollution in groundwater, through the relationship that 
exists between the different chemical components of 
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groundwater [28] used the hierarchical cluster and prin-
cipal components analyses for the clustering of sampling 
sites and the identification pollution sources, respectively.

Several studies on the heavy metals’ concentrations in 
soils, surface water and industrials effluents have been 
conducted at different locations by several scholars within 
Kano town and environs including the industrials areas. 
Among these are the works of [8, 29–41]. It is on this back-
ground that the idea of this study was conceived, for the 
very first time in the area of present study, the pollution 
status of groundwater with respect to heavy metals will be 
attempted with the following objectives in mind 1. Assess-
ment of heavy metals pollution by the indexing approach 
using indices like the heavy metal pollution index (HPI), 
heavy metal evaluation index (HEI), contamination degree 
(Cd), synthetic pollution index (SPI) and metal index (MI) 
2. The use of multivariate statistical approach to show the 
relationship between heavy metals in groundwater, their 
sources as well as the prediction of their origin by using 
statistical tools such as the correlation matrix, compo-
nent analysis and cluster analysis. 3. To show the spatial 
distribution of the heavy metals in groundwater of the 
area on the map of the study area as well as the spatial 
distribution of the pollution indices that will be used in 
the assessment of the intensity of groundwater pollution 
in the study area and the demarcation of zones with low 
and high groundwater pollution as it relates to heavy met-
als in the area. This work is expected to be added to the 
database on heavy metals composition of groundwater in 
these two industrial areas, and it will also be of assistance 
to professionals, stakeholders, managers and planners in 
designing, monitoring and planning of pollution control 
measures for groundwater in the area.

1.1 � Study area, geology and hydrogeology

1.1.1 � Study area

The two industries are located between lati-
tudes 11°52′29.2″  N–11°57′44.9″ N and longitude 
008°20′01.6″–008°31′04.2″ E. Highest elevation above sea 
level is recorded in Sharada area with 476 m and lowest 
elevation is recorded at Challawa area with 426 m. Other 
industries in Kano city include textiles, tanneries, chemicals 
and allied products. The study area is located on the main 
watershed which divides the two main river basins in the 
metropolitan city; the Jakara River to the north and Kano 
River to the south. Sharada, Challawa and Bompai indus-
trial areas which are the main industrial estates in Kano 
city are situated within the two River basins [42]. There is 
a considerable distance of about 3–4 km between these 
two industrial areas. Untreated or partially treated efflu-
ents are discharged from 15 to 20 operational tanneries in 

Panshekara town down a canal which empties the effluents 
into river Challawa located about 1200 m downstream at 
“Yandanko settlement”. In Sharada area, effluents are dis-
charged into a wide drainage canal which meanders into 
densely populated neighborhood of Garangamawa area, 
then goes down to Sabuwar Gandu and then collected in a 
pool at Gidan Maza area. Sharada industrial area has a good 
access route from the main road coming from Kofar Dan 
Agundi to Dorayi Sabontiti while Challawa industrial area 
is fairly accessible from Panshekara town, Fig. 1.

1.1.2 � Geology and hydrogeology

Kano town and its environs are underlain by the rocks of 
the Crystalline Complex of Nigeria. Three rock types have 
been identified in the study area; gneiss, porphyritic gran-
ite and medium grained granite. [41, 42] The Older granite 
is the most common rock type in the area and is composed 
of coarse-grained granite, granodiorite, diorite and aplite 
[43, 44].

The groundwater aquifers in the study area are of frac-
tured crystalline type. Groundwater in this setting is found 
in fissures, crevices, fractures and network of joints within 
the basement rocks. Shallow regolith, weathered overbur-
den materials similarly have good water yield depending 
on seasonal variations, porosity and permeability.

2 � Materials and methods

2.1 � Groundwater sampling

Twenty pieces of 1-L capacity polyethylene bottles were 
filled with representative groundwater samples collected 
from hand dug wells, boreholes and wash-bores ten each 
from Challawa and Sharada industrial areas in the study 
area. All samples were collected in accordance with [45] 
standard procedures for waste water sample collection. 
Figure 2 is the flowchart of the different methods used in 
this study. Few drops of Conc. HNO3 acid were added to 
lower the water pH to 2; this was done to stop any post-
sampling reaction which could lead to the precipitation 
of metals out of solution. At the sampling points physical 
parameters of the groundwater that includes pH, TDS, EC 
and temperature were determined using the hand-held 
digital pH and 3 in 1 conductivity meters, respectively. 
The locations and elevations of the wells were taken using 
Global Positioning System (GPS) etrex Garmin model.

2.2 � Samples preparation and analysis

50 mL of the water sample was taken in a conical flask; 10 m 
Conc HNO3 acid solution was added and heated on a hot 
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Fig. 1   Location maps of two industrial areas with groundwater sampling points

Fig. 2   A flowchart showing all the methods used in the present study
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plate to digest. This was allowed to cool and distilled water 
was added to make 50 mL volume and then filtered using a 
filter paper. Heavy metals (Cd, Cr, Fe, Ni, Mn, and Zn) were 
analyzed using atomic absorption spectrophotometer (AA 
630 SCHIMADZU model) at the biomass instrumental labo-
ratory of the Centre for energy research Usmanu Danfodiyo 
University, Sokoto. Turbidity was measured using Turbidim-
eter (HACH 2100P model); DO was determined using the 
different chemical reagents in the laboratory.

3 � Pollution indices

3.1 � Heavy metal pollution index (HPI)

This gives the aggregate influence of an individual heavy 
metal on the overall quality of sampled water, [46] the 
index was developed by [8], and this index is a mathematic 
model that is based on weighted arithmetic quality mean 
method. [20] Two steps are involved, the first is the devel-
opment of a rating scale for the parameters and then allo-
cation of weight (Wi); the second step is the selection of 
a pollution parameter which the calculated index will be 
based on. The equation of [16] was adopted and used in 
computing the HPI in this study which is given as

where Qi is the Sub-index of the ith Parameter, Wi represent 
the weightage of the ith Parameter while n is the number 
of parameters been considered. To obtain the Qi Sub-index 
Eq. 2 was used

Mi , Ii and Si represent the heavy metal’s ith parameter mon-
itored, ideal and standard values, respectively, (−) sign in 
the equation stands for the numerical difference of the 
two values, and the algebraic sign is not considered. The 
critical value of 100 was adopted for drinking water in this 
study. Wi and Si were obtained by taking the inverse of the 
MAC as given in (Table 1) for the metals considered.

3.2 � Contamination index (Cd)

To calculate this index only heavy metals with concentra-
tions that exceeded the upper permissible limits or guide 
values of the potentially harmful heavy elements were 
considered. This condition is adopted in this study. The 
contamination degree which is the sum of the contami-
nation factors of the individual metallic component with 

(1)HPI =

∑n

i=1
WiQi

∑n

i=1
Wi

(2)Qi =

n
∑

i=1

{

Mi(−)Ii
}

(

Si − Ii

) × 100

concentration that exceeded the upper permissible value 
is calculated separately for each of the analyzed water 
sample while the contamination index gives the summary 
of all the parameters that are considered harmful in house-
hold water [47]. This index is calculated from (Eq. 3) below

Cfi is the contaminant factor for the i-th component and is 
obtain using (Eq. 4)

CAi is the analytical concentration value of the i-th param-
eter, CNi represent the upper permissible concentration of 
the i-th parameter (N is the normative value).

3.3 � Heavy metal evaluation index (HEI)

This index gives the composite quality of water in respect 
to heavy metal pollution. HEI is determined using (Eq. 5).

Hc is the measured concentration of i-th parameter meas-
ured in the sample water, Hmac the minimum admissible 
concentration of the i-th parameter.

3.4 � Synthetic pollution index (SPI)

This model was previously used by many researchers 
among which were [26, 48–51]. The synthetic index of 
pollution is computed using the formula

(3)Cd =

n
∑

i=1

Cfi

(4)Cfi =
CAI

CNi

− 1

(5)HPI =

n
∑

i=1

Hc∕Hmac

(6)SPI =

n
∑

i=1

Ci

Si
×Wi(i = 1, 2, 3,… , n)

Table 1   Standards used for the computation of the pollution indi-
ces in this study

MAC Maximum admissible concentration, Wi Weightage (1/MAC), S 
Standard permissible limit in ppb, I Highest permissible limit in ppb

Element S I MAC W Wi

Cd 5 3 3 0.3 0.5
Cr 50 50 50 0.02 0.05
Fe 300 200 200 0.005 0.0083
Mn 100 500 50 0.02 0.025
Ni 20 20 20 0.05 0.125
Zn 5000 3000 5000 0.0002 0.0005

k = 0.04 Wi = 0.4
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The process involves 3 steps; the first step is computing 
the constant of proportionality Ki using (Eq. 7).

The second step is to calculate the weight coefficient 
( Wi ) using (Eq. 8).

K is the constant of proportionality, Vs = standard for each 
of the parameters considered, in this case the Nigerian 
standards for drinking water quality [52] n = Total number 
of parameters considered, Vo = observed concentration of 
the individual parameters, Wi = weighted coefficient of 
each parameter.

3.5 � Metal index (MI)

The metal index (MI) was proposed by [53] and later used 
by [53–55]. This index can be calculated using the expres-
sion given by (Eq. 9)

where MI is the metal index, C is the concentration of each 
element in the solution, MAC is the maximum allowed 
concentration of each element. The higher the concentra-
tion of a metal compared to its respective MAC value, the 
worse the quality of the water. MI value > 1 is a threshold 
of warning.

3.6 � Statistical analysis

Both data of the heavy metals’ concentration in ground-
water and calculated pollution indices were subjected 
to statistical evaluation in order to reveal the sources as 
well as any possible hidden association or relationship 
that existed among these metals and between the metals 
and the computed indices. Statistical tools of correlation 
analysis (CA), principal component analysis (PCA), and 
hieratical cluster analysis (HCA) were utilized to achieve 
these objectives.

The SPSS Statistical software package of IBM version 
21 was used for the statistical evaluation of the data set.

3.6.1 � Geo‑spatial analysis

The spatial distribution maps of the heavy metals with 
concentration above the recommended standard limit 
were produced using the Inverse Distance Weighted (IDW) 

(7)Ki =
1

∑n

i=1

1

Vc

(I = 1, 2, 3 … n)

(8)Wi =
K

Vs

(9)MI =

n
∑

i=1

Ci

(MAC)i

a geo-statistical-based method of the Arc GIS version 10.2, 
software using the spatial analysis tools function to pre-
sent the results of interpolation in order to show how the 
heavy metals and pollution indices are spatially distributed 
across the study area.

4 � Results and discussions

The concentrations of the heavy metals in the analyzed 
groundwater are presented in (Table 2), and the spatial 
distribution maps of all analyzed heavy metals detected in 
the groundwater samples are shown in Fig. 3a–f.

4.1 � Cadmium (Cd)

The concentration of cadmium in the analyzed ground-
water range between 2 and 39 μg/L with an average of 
8.87 μg/L. Cd was detected in all the analyzed samples; 
the concentration of Cd in the area is higher in the Chall-
awa area compared with the concentrations obtained at 
Sharada with maximum values of 39 and 8 μg/L recorded 
for both sites, respectively. Cadmium concentration 
exceeded both the national [52] and [56] permissible 
limit of 5 μg/L in 19 out of the 20 sampled groundwater 
analyzed in this study, with all the 10 samples taken from 
Challawa exceeding these two standards; spatial variation 
map of cadmium is shown in Fig. 3a.

4.2 � Chromium (Cr)

Chromium was detected in only four out of the 20 ground-
water samples analyzed from the area, and all the samples 
were taken from the Sharada area. Cr concentration ranges 
between 0 and 80 μg/L with a mean value of 7 μg/L. Only 
one sample had Cr concentrations exceeding the Nigerian 
standard of drinking water quality, NSDWQ [52] and the 
WHO [56]. The spatial map of Cr is given in Fig. 3b.

4.3 � Iron (Fe)

Only 10 out of the 20 sampled groundwater samples ana-
lyzed for Fe had detectable iron in them, with six and four 
recorded at Sharada and Challawa areas, respectively. 
Fe concentrations in the analyzed water samples range 
between 20 and 700 μg/L with a mean value of 91 μg/L. 
The highest concentration was recorded at Challawa 
industrial area. Only one out of the 20 groundwater sam-
ples had concentration above the [52] and [56] limits of 
300 μg/L in the area which was from Challawa, Fig. 3c.
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4.4 � Manganese (Mn)

Manganese concentration in the groundwater samples 
area was detected in 17 out of the 20 analyzed samples 
with a mean value of 75.9 μg/L and a range of 0 – 220 μg/L. 
Manganese concentration is above the permissible limit 
of 100 μg/L in four and one of the sampled groundwater 
from Challawa and Sharada industrial areas, respectively, 
Fig. 3d.

4.5 � Nickel (Ni)

Nickel concentration in the area had a range of 0–700 μg/L 
with an average of 102 μg/L; only 12 samples had detect-
able Ni, with both Sharada and Challawa having six 
groundwater samples with detectable sample each. The 
highest nickel concentration of 700 μg/L was recorded at 
Challawa industrial site. All the recorded concentrations 
of this research exceeded the [52] and [56] allowable set 
limits of 20 μg/L, Fig. 3e.

Fig. 3   a–f Spatial variation 
maps of analyzed Heavy in the 
groundwater of Sharada and 
Challawa industrial area note 
the difference in the concen-
trations of the metals between 
the two sites
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4.6 � Zinc (Zn)

Zinc was the least detected heavy metal in the area and 
was detected in only four out of the 20 samples analyzed 
in this study. Concentration range of 0–30 μg/L with an 
average of 4 μg/L which is very far below the 5000 μg/L 

limits of both [52] and [56] with no detectable Zn in the 
Challawa area, Fig. 3f.

Fig. 3   (continued)
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4.7 � Heavy metals pollution indices

The computed pollution indices of HPI, HEI, Cd, SPI and MI 
are presented in Table 3, while all spatial distribution maps 
are shown in Fig. 4a–e.

4.7.1 � Heavy metal pollution index (HPI)

This index had an average value of 226.5 with values 
ranging between -34.7 and 1369.6. Based on the classi-
fication in Table 4, majority of the analyzed groundwater 
samples 75% had computed values of HPI that fall into the 
100–300 class which is class of medium heavy metal pol-
lution index, while the remaining three and two samples, 
respectively, distributed into the low and high categories 
of heavy metal pollution. The mean value of HPI given 
above in this study revealed the groundwater in the area 
to be of medium heavy metal pollution Fig. 4a.

4.7.2 � Heavy metal evaluation index (HEI)

The computed HEI value in Table  3 gives a range of 
1.68–37.9 with a mean of 8.1 which indicates the area 
to generally belong to the low HEI class with 14 samples 
belonging to that category. One sample had high HEI val-
ues of more than 20 while five samples were evaluated as 
having medium index Table 4 and Fig. 4b.

4.7.3 � Contaminant index (Cd)

Calculated contaminant index (Cd) of heavy metals ranges 
between -4.32 and 31.9 with a mean value of 2.07 which 
classified the area to be of low heavy metals contaminant 
index where eighteen (18) of the total samples used, 
which represented 90% of the total groundwater samples 
used were within the low class of contaminant index of 
heavy metals while the remaining two samples fall into 
the groundwater with medium and high heavy metal con-
tamination, respectively, Fig. 4c.

4.7.4 � Synthetic pollution index (SPI)

The SPI values for this work range between 0.04 and 0.33 
with an average of 0.084 according to the classification 
of [59] in Table 4, out of the 20 samples used, 19 samples 
(95%) were suitable for drinking and not polluted by heavy 
metals in terms of SPI, and the remaining one sample was 
slightly polluted with heavy metals. However, the overall 
average of 0.084 for the area revealed the groundwater in 
the area to belong to the suitable class of drinking water 
that are not polluted by heavy metals Fig. 4d.

Table 3   Computed heavy metal pollution indices of the study area

S/N Cd Class HPI Class HEI Class MI Class SPI Class

1 − 4.32 Low 155.19 Low 1.68 Low 2.9 Moderately affected 0.06 Suitable for drinking
2 − 3.90 Low 156.17 Medium 2.10 Low 3.6 Moderately affected 0.06 Suitable
3 − 3.03 Low 192.61 Medium 2.97 Low 5.4 Strongly affected 0.06 Suitable
4 − 3.73 Low 155.29 Medium 2.27 Low 4 Moderately affected 0.06 Suitable
5 − 1.90 Low 192.23 Medium 4.10 Low 6.2 Seriously affected 0.07 Suitable
6 0.20 Low 78.37 Medium 6.20 Low 7.9 Seriously affected 0.05 Suitable
7 2.91 Low 79.00 Medium 8.91 Low 10.1 Seriously affected 0.06 Suitable
8 − 1.07 Low 118.09 Medium 4.93 Low 5.8 Strongly affected 0.06 Suitable
9 3.67 Low 193.75 Medium 10 Medium 10.8 Seriously affected 0.08 Suitable
10 3.92 Low -34.65 Medium 10 Medium 10.6 Seriously affected 0.04 Suitable
11 1.80 Low 231.45 Medium 7.80 Low 3.6 Moderately affected 0.09 Suitable
12 9.70 Low 1369.61 Medium 15.70 Medium 21.3 Seriously affected 0.33 Slightly polluted
13 3.65 Low 285.35 Medium 10 Medium 12.8 Seriously affected 0.10 Suitable
14 − 2.80 Low 196.53 Medium 3.20 Low 5.4 Strongly affected 0.06 Suitable
15 − 2.50 Low 117.21 Medium 3.50 Low 4.6 Strongly affected 0.05 Suitable
16 12.40 Medium 344.05 High 18.40 Medium 21 Seriously affected 0.13 Suitable
17 31.90 High 153.64 High 37.90 High 40 Seriously affected 0.14 Suitable
18 − 3.90 Low 192.86 Medium 2.10 Low 3.7 Moderately affected 0.06 Suitable
19 − 0.67 Low 124.17 Medium 5.33 Low 9.1 Seriously affected 0.05 Suitable
20 − 1.00 Low 229.68 Medium 5.00 Low 8.9 Seriously affected 0.07 Suitable
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4.7.5 � Metal index (MI)

Computed MI values in the average give a mean of 10.12 
with a range of 2.89 -40, with 55% representing 11 of the 
sampled groundwater belonging to the seriously affected 
groundwater with values that are greater than 6. Five out 
of the remaining samples were categorized as moderately 
affected while other four groundwater samples considered 
as being strongly affected with values that are within the 
class range of 4–6 as given in Table 4 by [56], Fig. 4e.

4.8 � Multivariate statistical analysis

The analyzed data set and computed heavy metals indi-
ces were subjected to different statistical evaluation that 
include correlation, component and cluster analysis.

4.8.1 � Correlation analysis

The Pearson correlation analysis was performed on both 
the analytical data set and computed metal indices con-
tain all possible correlations between all pairs of variables 
being considered in this study using the significant cor-
relation of 0.0. 13 pairs of significant correlations were 
obtained with values that range between 0.582 and 1.000. 
From Table 5, Fe had a moderate positive correlation of (r 
0.582) with Mn and a negative correlation of (r − 0.660) 

with temperature; this could be suggesting formation 
under the same geochemical condition for both Fe and Mn 
with probably temperature controlling the formation or 
precipitation of Fe into the groundwater solution. Zn was 
moderately and negatively correlated to PH at (r − 0.602) 
which might be indicating a pH controlling reaction that 
led to the release of zinc into the groundwater from its 
different sources. TDS was strongly and positively related 
to EC with (r 1.000); this is an indication of their close 
relationship and dependency on each other. Two strong 
positive correlations were observed between cadmium 
and the computed pollution indices. Synthetic pollution 
index SPI and cadmium had positive strong correlation 
of (r 0.951), while HPI was strongly and positively corre-
lated with cadmium (r 1.000) which is an indication of the 
dominant contribution made by cadmium to the values 
obtained for these pollution indices computed for the dif-
ferent groundwater samples in the area which were above 
the allowable limit in 95% of the analyzed samples. Ni had 
strong positive correlations of (r 0.981, r 0.981 and r 0.946) 
with Cd, HEI and MI, respectively, suggesting the significant 
contribution made by Ni to the pollution status of ground-
water as regards to these indices. The correlation between 
the individual indices revealed a strong to moderate and 
positive correlations that range between 0.596 and 1.000 
where MI was strongly and positively correlated to HEI and 
Cd, at (r 0. 991) and (r 0.991), respectively. Cd was strongly 

Table 4   Standards used for computed heavy metals indices and percentage of samples in each class

Pollution index Standard /class Number of 
samples

% of samples Source of standard

Heavy metal pollution Index (HPI) < 100 low 3 15 Proposed in this study
100–300 Medium 15 75
> 300 high 2 10

Heavy evaluation Index (HEI) < 10 Low 14 70 Proposed in this study
10–20 Medium 5 25
 >20 High 1 5

Contamination Index (Cd) < 10 Low 18 90 Proposed in this study
10–15 Medium 1 5
 >15 High 1 5

Metal Index (MI) < 0.3 Very pure Adopted from [57], and [58]
0.3–1 Pure
1–2 Slightly affected
2–4 Moderately affected 5 25
4–6 Strongly affected 4 20
 > 6 Seriously affected 11 55

Synthetic pollution index (SPI) < 0.2 Suitable for drinking 19 95 Modified from [59] 
0.2–0.5 Slightly polluted water 1 5
0.5–1.0 Moderately polluted
1.0–3.0 Highly Polluted
> 3.0 Unfit for drinking
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correlated to HEI at (r 1.000), SPI and HPI had a strong posi-
tive correlation of (r 0.950), while SPI correlation with MI 
was the list and a moderate one of (r 0.596). The strong and 
positive correlations observed between the heavy metal’s 
pollution indices suggested that the indices are related 
and are the ideal tools for assessing the level of toxicity 

and pollution level of groundwater in terms of the heavy 
metal’s concentration in the area.

4.8.2 � Principal components analysis

The component analysis differentiated five important prin-
cipal components extracted with only component with 

Fig. 4   a–e Spatial variation 
maps of pollution indices indi-
cating level of groundwater 
pollution in the study area
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eigenvalue of 1 and above considered based on [60]. The 
[60] classifications of loading values of “strong”, “moderate”, 
and “weak” for values > 0.75, 0.50–0.75, and 0.30–0.50, respec-
tively, were adopted for this study. All significant contribu-
tions made to each component are boldly represented in 
Table 6. A total of five components were extracted with a total 
variance of 86.45  (Table 6). The first component contributed 
31.95% of the total variance with an eigenvalue of 5.43 and 
with a positive moderate to strong loading for Ni, HEI, Cd, MI 
and SPI of 0.911, 0.954, 0.953, 0.960 and 0.699; this can be 
favorably compared with the correlation analysis results. The 
occurrence of Ni alongside these indices suggests a leading 
role played by this metal in the pollution of groundwater. The 
second PC with eigenvalue of 3.42 and a variance percentage 
of 20.11% with positive moderate loadings of DO, tempera-
ture, pH, Cr, and Zn of − 0.688, 0.548, 0.584, 0.551 and − 0.613, 
respectively. The loading of pH, temperature alongside DO in 
the same PC could probably be suggesting that temperature 
did not play any significant role in the enrichment of Cr in the 
groundwater, while DO on the other hand did play role in the 
reactions that lead to Cr enrichment which could be due to 
oxidation redox reaction. PC 3 was positively and negatively 

moderately loaded with HPI, Cd, Fe and Mn of 0.624, 0.625, 
0.574 and − 0.686. The third PC contributed 15% of the total 
variance with an eigenvalue of 2.55, the composition of this 
PC indicates the roles of Cd in the HPI computation as well 
as its contribution in the groundwater pollution in the area.

Component 4 had positive strong loading of TDS and 
EC with a moderate loading for turbidity of 0.794, 0.789 
and 0.504, respectively. The PC had an eigenvalue of 2.04 
and accounted for 12.024% of the total variance. The fifth 
PC had a moderate negative loading for temperature 
of − 0.609, with a moderate positive loading for Cd of 
0.521, an eigenvalue of 1.25 and a variance of 7.37% were 
contributed by this PC.

4.8.3 � Cluster analysis

The dendrogram Fig. 5 was used to demarcate 4 different 
clusters for the heavy metals and physical parameters of 
groundwater in this study where the R- mode was used; 
this was used to study the relationship as well as the ori-
gin and sources of the heavy metals in the groundwater 
of the study area. The first cluster consisted of a total of 

Fig. 4   (continued)
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12 parameters that include DO, PH, turbidity, SPI, HEI, MI, 
Cd, Cd, Zn, Cr, Mn and temperature. The cluster contained 
four of the heavy metals analyzed in the groundwater 
which probably originates from anthropogenic sources 
specifically due to the tanning, textiles and plastic indus-
trial activities in Sharada and Challawa areas from which 
untreated and partially treated effluents are being con-
stantly discharged into the rivers and soils in these two 
industrial areas. A second possible anthropogenic source 
can be linked to agricultural activities in these areas that 
involve the application of fertilizers, animal waste and 
agrochemicals on farmlands for the purpose of increas-
ing crop yield, control of weeds and pests on grown crops, 
respectively. The second cluster comprises of five variables 
Cr, temperature, Mn, which is probably suggesting a com-
mon geochemical situation and sources for these metals 
that was probably favored under a certain temperature 
range. The other probable sources of these heavy metals 
in the groundwater can be natural through geochemical 
processes of weathering and dissolution of the rocks in 
the area. The third cluster contained Ni, Fe, Cr, with TDS 
HPI alongside some of the elements that appeared in the 
second cluster, the occurrence of Ni and Fe in this cluster 
is suggesting common sources and also their contribu-
tions to the total dissolved solid of the groundwater with 

their enrichment in the groundwater probably from mixed 
processes of anthropogenic activities and rock weather-
ing processes. The fourth cluster singly contained only 
EC with no significant contribution to the pollution of 
groundwater.

The scree plot of the five components against the 
eigenvalues is shown in Fig. 6a with the red line drawn 
separating the first five important PCs with eigenvalues 
of 1 and above. Similarly, the rotated component plot in 
space is presented in Fig. 6b which shows the five compo-
nents plotted in rotated space. 

5 � Conclusions

The heavy metals concentrations and pollution levels of 
groundwater from the industrial areas of Challawa and 
Sharada in Kano municipal have been investigated using 
five different pollution indices, multivariate statistical 
tools, and geospatial methods; the major conclusions that 
were drawn from this study are as follows.

•	 Measured Physical parameters of groundwater that 
include temperature, pH, EC, TDS, DO, turbidity aver-
age PH of 6 confirmed a slightly acidic groundwater for 
the area with both measured electrical conductivity 
and (EC) and total dissolved solid (TDS) averages were 
within the Nigerian standards for drinking water quality 
(NSDWQ) and World Health Organization (WHO) per-
missible limits for drinking water.

•	 Detected heavy metals concentration in the analyzed 
groundwater samples revealed Cd was present in 
all the 20 samples collected with 19 out of the total 
samples had Cd concentration above allowable limit. 
Chromium (Cr) was detected in only four samples all 
of which were from Sharada area with concentration 
range of 10–80 μg/L; however, only one sample had 
concentration above the prescribed limits of [52] and 
[56]. Ni was detected in 12 samples, with six samples 
each for both Challawa and Sharada having concentra-
tions exceeding the Nigerian and WHO standard limits. 
This had a range of between 30 and 700 μg/L. Based 
on the above, the area can be classified as having cad-
mium and nickel polluted groundwater. However, the 
highest concentrations of all detected heavy metals in 
groundwater in this study area were recorded from the 
Challawa industrial area which categorized the ground-
water in that area as more polluted compared to the 
groundwater from Sharada area.

•	 The pollution status of groundwater from these indus-
trial areas using heavy metal indices revealed the 
groundwater in the area to be of low contamination 
degree (Cd) in 18 samples, while one sample each 

Table 6   Principal components analysis with five extracted compo-
nents

Parameters Components

PC1 PC2 PC3 PC4 PC5

TDS − .358 .333 .267 .794 .174
EC − .349 .345 .272 .789 .177
DO .019 − .688 .187 .340 .072
Temp .385 − .505 .257 .112 − .609
PH − .532 .548 − .228 .200 − .400
Turbidity .436 .286 − .433 .504 − .085
Cd .456 .584 .625 − .193 .104
Cr − .053 − .551 .040 .163 .521
Fe − .271 .469 − .574 − .391 .307
Mn .115 .474 − .686 .061 .214
Ni .911 − .195 − .250 .196 − .045
Zn .021 − .613 .139 − .106 .442
HPI .454 .586 .624 − .197 .105
HEI .954 − .046 − .220 .138 .038
Cd .953 − .044 − .220 .141 .035
MI .960 .073 − .207 .104 .070
SPI .699 .474 .511 − .105 .097
Eigenvalue 5.432 3.418 2.550 2.044 1.253
% Variance 31.95 20.12 15.00 12.024 7.370
Total variance 86.453
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was of medium and high Cd all of which are located 
in Challawa. In terms of heavy metals pollution index 
(HPI), 15 samples (75%) belong to the medium pollu-
tion index class with only two samples from those in 
the Challawa area falling into the high pollution index 
category of groundwater. HEI values computed for the 
groundwater categorized 14 samples (70%) as low pol-

luted, four samples as medium and two samples from 
Challawa as highly polluted. Metal index (MI) gave a 
seriously polluted category in (55%) of the analyzed 
groundwater; four samples were strongly affected. In 
terms of synthetic pollution index, the study revealed 
the groundwater of the area to be suitable for drinking 
and unpolluted in 95% of the analyzed sample with 

Fig. 5   The dendrogram with 
the different clusters in the 
study

Fig. 6   a Scree plot of the different components. b The plot of rotated components in space
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only one sample being slightly polluted. The ground-
water pollution in terms of pollution indices can gener-
ally be classified as low polluted based on the HPI, HEI, 
Cd and SPI while MI values have rated the groundwater 
as seriously polluted

•	 Statistical evaluation of heavy metal data set and com-
puted pollution indices gave a moderate positive corre-
lation between the heavy metals and a strong positive 
correlation between the computed indices. Compo-
nent analysis performed on the heavy metals data gave 
five PC with a total of 86% variance extracted where 
majority of the variables had a moderate to strong posi-
tive loading. Cluster analysis identified 4 different clus-
ters which grouped the metals based on their sources 
in the groundwater. Anthropogenic sources were 
identified as the major source of input of heavy met-
als like Cd, Cr Ni and Mn into the groundwater, these 
were principally contributed by the effluents discharge 
from the tannery, textile and plastic industries as well 
as agricultural practices in the area, while a few per-
centages were contributed by geogenic sources which 
were basically from rock weathering and leaching from 
minerals and soils within the aquifers in the area.

•	 Geospatial analysis was used to show the aerial varia-
tions and distribution of both heavy metals and pol-
lution indices in order to demarcate the areas of low, 
medium and high metals concentrations as well as 
areas of high, medium and low groundwater pollution 
based on pollution indices.

•	 The findings of this study will be very useful to profes-
sionals and stakeholders in monitoring, controlling and 
mitigation of pollution in these industrialized areas of 
Challawa and Sharada.
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