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ABSTRACT

The pollution status and toxicity of heavy metals in water of Ukwuyok drinking stream of Okorombokho, Eastern Obolo was estimated. Three (3) water samples
were obtained from different site of the stream and were conveyed to Centre for Energy and Energy Development (CERD), Obafemi Awolowo University (OAU)
in lle Ife and were subjected to Atomic Absorption spectrometric (AAS) technique. Eleven (11) heavy metals such as chromium (Cr), manganese (Mn), iron (Fe),
cobalt (Co), nickel (Ni), copper (Cu), zinc (Zn), arsenic (As), cadmium (Cd), mercury (Hg), and lead (Pb) were detected. From the results, the mean concentrations
values of the heavy metals in the study area follows the ascending trend as; (0.04 ppm)<Pb(0.10ppm)<As(0.12ppm)=Cd(0.12)<Ni (0.27 ppm)<Cr (0.34 ppm)<Co
(0.40 ppm)<Zn (0.78 ppm)<Cu(0.96 ppm)<Mn (1.09 ppm)<Fe (1.36 ppm). The concentration of iron (Fe) was the highest at the respective three sampled sites.
Pollution indices such as enrichment factor (EF), geo-accumulation index (Igeo), contamination factor (CF), pollution load index (PLI). The mean values of MI for
respective heavy metals detected follow the ascending order as Zn<Co<Cu<Pb<As<Fe<Cr<Ni<Mn<Cd<Hg and the heavy metals with MI greater one follows the
increasing sequence as Pb (2.07)<As(2.33)<Fe (4.54)<Cr(6.73)<Ni(10.67)<Mn(21.80)<Cd(23.33)<Hg(86.67). This shows that that water is severely polluted with
heavy metals from Pb in an increasing order to Hg. These toxicity threats could be due to runoff agricultural wastes, patches of crude oil from oil spillage, gas flare
that resulted in acid rain which eventually drained into the stream and other anthropogenic processes in the study area. Appropriate authority should be monitoring
the influx of wastes into this drinking stream to save the life of living organism that depends on that stream as the source of drinking water.
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Introduction

Water bodies in the Okoromboko community, a riverine community, are subject to a variety of environmental disturbances, ranging from anthropogenic
activities like farming, poor waste management, and unhygienic practices, to natural disturbances like Nypa palm invasion and salt stress from the Atlantic
Ocean. Water has been considered, the most suitable medium to clean, disperse, transport and dispose of wastes (domestic and industrial wastes, mine
drainage waters, irrigation returns, etc.). These activities have undesirable, effects on the natural environment. Also, uncontrolled land use, urbanization,
deforestation, accidental (or unauthorized) release of chemical substances and discharge of untreated wastes or leaching of noxious liquids from solid
waste deposits have impacted negatively on the quality of water resources (UNESCO, 2003). Continuous introduction of wastes materials into coastal
bodies from agricultural produce, industrial activities such as oil spill and other anthropogenic activities constantly disrupt sediments settling and increased
the concentration of heavy metals in sediments (Yawo et al., 2022). Potentially harmful heavy metals are effectively accumulated in the sediments and
in certain conditions they can be readily released into water in an unpredictable way (Yawo et al., 2022; Ubulom et al., 2023).

Rivers is one of the most important freshwater resources, and most developmental activities are dependent upon them (Al Obaidy et al. 2015). Surface
waters like lakes, rivers and streams and groundwater like springs and well waters usually serve as sources of drinking water. Rivers in a watershed play
a major role in assimilating or carrying of municipal and industrial wastewater and run of from agricultural land (Wang et al. 2007). Industrialization is
considered a necessity for the development of a country’s economy, through the establishment of plants and factories (Ho et al. 2012). However, the
waste or by-products discharged from them are destructive to the environment; contaminating the surface water, ground water and soil (Adakole 2011).
The wastewaters are not safely treated because of the lack of highly efficient and economic treatment technology (Ho et al. 2012) and failure in
institutional monitoring and control. Knowing the sources of inputs of certain heavy metals to a particular aquatic system through which their levels of
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concentrations rises to toxicity level is vital in addressing the extents of their contamination (Yawo et al., 2023). Pollution of natural environment by
heavy metals is a universal problem because these metals are indestructible and most of them have toxic effects on living organisms when permissible
concentration levels are exceeded (Yawo et al., 2023; Abata et al., 2016; Ghrefat and Yusuf, 2006).

The term “‘heavy metals’’ refers to any metallic element that has relatively high density and applies to the group of metals and metalloids with atomic
density greater than 5gcm™3 (Oves et al. 2012). Some of them are essential elements without which the biochemical processes in living organisms would
not be possible; however, when they exceed normal concentrations, they become harmful to organisms (Goorzadi et al. 2009; Bytyci et al. 2018). The
entry of these contaminants such as heavy metals into the environment can be due to human and natural activities which is the most serious issues facing
most communities currently (Ubulom et al., 2022). Due to the industrial and economic growth and the production of a variety of compounds and chemicals
by increased consumption, man makes some unwanted pollutants in the ecosystem which causes serious hazards to both the environment and livelihood
(Eaton and Franson, 2015; Ubulom et al., 2023).

Heavy metal pollution of soil and water has become one of the main concerns of human beings recently (Namaghi et al. 2011) and is often associated
with variables of concealment, persistency and irreversibility (Zhu et al. 2012). Heavy metals occur naturally in rocks, but most of the heavy metals
occurrences originate from anthropogenic sources (Obaroh et al. 2012). Heavy metals may contaminate the surface water, springs and groundwater
resulting in deterioration of drinking water quality. Heavy metal pollution in water can be assessed by measuring their concentrations (Senarathne and
Pathiratne, 2007). About 884 million people in the world, mostly in developing countries do not have access to drinking water sources that conform to
the permissible limit specification of WHO (WHO/UNICEF, 2010). The principal sources of surface and groundwater pollution by heavy metals are
natural processes and anthropogenic activities like mining, disposal of effluents (Amman et al., 2002) from industries, and indiscriminate use of fertilizers
and pesticides in agriculture. According to Demirbas et al., (2005), heavy metals are regarded as serious pollutants of aquatic ecosystems because of their
environmental persistence, toxicity and ability to be incorporated into food chains (Yawo and Akpan, 2021).

The rise in concentration of heavy metal in water of any source poses a serious health threats to human and aquatic ecosystems. Arsenic (As), cadmium
(Cd), chromium (Cr), lead (Pb), nickel (Ni) and zinc (Zn) are the most familiar heavy metals of health concern to human (WHO, 2008). When the
concentrations of heavy metal in water surpass the environmental acceptable border, the use of such water for agricultural purposes might be detrimental
to the aquatic ecosystem and human through the food chain (Wright and Welbourn, 2002). For instance, several kinds of diseases besides organ
dysfunction had correlation with raised levels of heavy metal concentrations in drinking water sources above the permissible limit specified by regulatory
bodies (Lenntech, 2013). Additionally, heavy metal contamination of drinking water sources has been linked with deficiencies of some essential nutrients,
which culminates in compromised immunological defenses, disabilities associated with malnutrition, intrauterine growth retardation, impaired
psychosocial faculties, and increased prevalence of upper gastrointestinal cancers (Arora et al., 2008). Although few of these heavy metals like Cu, Iron
(Fe), Ni and Zn are essential nutrients required in trace amount for animals and plants; they are harmful at high levels. However, some heavy metals like
Cd, Cr, Pb and cobalt (Co) have no known physiological functions and are deleterious at certain levels (Aktar et al., 2010; Kar et al., 2008). Despite the
substantial contribution of small-scale mining to the economy of Akwa Ibom State and Nigeria at large since the discovery of Pb-Zn deposit in
Okorombokho and its environs in the early 1900s, it has impacted negatively on the environment and health of the residents (Nnabo, 2015).

Heavy metals can be toxic in very little concentrations and usually accrue in the surrounding and later become a health risk to people. Increasing metal
pollution has severely disturbed the natural ecosystem and harmed human health through food chain (Cai et al, 2009, Liu et al, 2016; Dominic et al.,
2022). The entry of these contaminants such as heavy metals into the environment can be due to human and natural activities which is the most serious
issues facing most communities currently (Ubulom et al., 2023). The concentrations of heavy metals in a particular coastal sediments sample varies
irrespective of the season and time thus there is that need for regular analysis of those sediments sample so as to ascertain the rise or fall in concentrations
of the heavy metals which are considered toxic substances present in them (Ubulom et al., 2023).

Studies have revealed the hazardous impacts of some heavy metals in the ecosystem when the intakes of such metals are high in the body of either human
of aquatics being. Arsenic poisoning from naturally occurring arsenic compounds in drinking water remains a problem in many parts of the world.
Residents who consumed water that had arsenic level greater than Spg/L for ten years or longer were more likely to report a diagnosis of skin cancer,
adult onset diabetes, and cardiovascular disease than age matched residents who drank water that contained no detectable arsenic (Knobeloch, 2002). It
also seems to have a negative impact on reproductive processes (infant mortality and weight of newborn babies) (Hopenhayn, 2006).The concentrations
of the dangerous inorganic arsenics that are currently present in surface waters enhance the chances of alteration of genetic materials of fish. This is
mainly caused by accumulation of arsenic in the bodies of plant-eating freshwater organisms. Birds eat the fish that already contain eminent amounts of
arsenic and will die as a result of arsenic poisoning as the fish is decomposed in their bodies. Arsenic is not absorbed very well through the skin. Therefore,
exposure from skin contact alone, such as bathing in arsenic-contaminated water, is unlikely to cause health problems (Fact sheet, 2003). Lead is a highly
toxic metal whose wide spread use has caused extensive environmental contamination and health problems in many parts of the world (Rahman, 2012).
Lead is considered the number one health threat to children, and the effects of lead poisoning can last a lifetime. Not only does lead poisoning stunt a
child’s growth, damage the nervous system, and cause learning disabilities, but also it is now linked to crime and anti-social behavior in children. These
diseases were apparently related to contaminant drinking water with heavy metals such as Ph, Cd, Cu, Mo, Ni, and Cr (Rahman 2012).

Okorombokho is like other communities in Eastern Obolo surrounded with Rivers of different tributaries that the water is salty. This salt water is intruded
to even borehole which has made most of the people residing within this locality to fully rely on a stream as their source of drinking water. This community
like other communities in Eastern Obolo is endowed naturally with crude oil which eventually caused waters obtained from borehole to be unhygienic
due to the float of parches of crude oil on water obtained from borehole. Other anthropogenic processes within this community among which are industrial
operations, agricultural activities and incessant disposal of wastes into bushes through which pollutants can get drained into this drinking streams is so
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alarming. Therefore, monitoring these metals is important for safety assessment of the environment and human health which could be directly affected
by intake of polluted water from stream. Thus this work is with the aim of estimating the state of pollution and toxicity of heavy metals in water of
Ukwuyok drinking stream of Okorombokho with the specific objectives which are to determine concentration of heavy metals in Ukwuyok drinking
stream of Okorombokho; ascertain its water quality; determine the pollution indices in that drinking stream; determine the metal index and ecological
risk assessment of the above contaminants and to also ascertain the respective sources through which those heavy metals got into that stream.

2.0 MATERIALS AND METHODS
2.1 STUDY AREA

The Ukwuyok drinking stream of Okorombokho in Eastern Obolo , Southern part of Akwa Ibom State, Nigeria, has been the source of drinking water
for the populace of that community and its environs for many hundreds of years now. Its water flows during raining season and remain stagnant during
dry season. Water flows from other sources to the stream during raining season due to the sloppy topography of the stream and eventually flows down to
Utibete Rivers. Its coordinates are n Latitude 08 47.344' N, and Longitude 007 44.063 E. The Map of the study is shown in Figure 1.
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Figure.1: Map showing the sampling location
2.2 Samples Collection

Water samples were collected from the sampling sites using HDPE (high density polyethylene or polyester) bottles. The samples were collected from
four (4) different points of the stream namely; upstream, midstream, downstream and the side stream within the study area. All sampling points were
however geo-referenced. At every sampling point, the sampling containers were thoroughly washed with the water sample before final collection.
Coordinates of the sampling location were recorded using global positioning system (GPS). The samples were put in a portable carton correctly labeled
which was then conveyed to the Centre for Energy and Research Development (CERD) in Obafemi Awolowo University (OAU), lle-Ife

2.3 Data Analysis

At the Centre for Energy Research and Development (CERD) in Obafemi Awolowo University (OAU), lle-Ife, those samples were subjected
to Atomic Absorption Spectrometric (AAS) analysis to establish the concentration of heavy metals present in them. The principle behind it is that the
sample solution is evaporated and then metal ions contained are converted to free atoms (Beaty and Kerber, 1993). The atoms then absorb the emitted
radiation from the lamp cathode which is the source of light and contains the elements to be determined. Atoms of various elements absorb the
characteristics wavelength of lights (The Perkin-Elmer Corporation, 1996).

The intensity of light absorbed is proportional to the number of atoms in the sample. Atomic Absorption Spectrophotometer (AAS) has three basic
components; light source, atomizer, and detector (The Perkin Elmer Corporation, 1996). The Hollow cathode lamp (HCL) has a tungsten anode and a
cylindrical hollow cathode made with the element under study. They are enclosed in an inert medium with a glass tube. When a potential is exerted
between the anode and cathode some gaseous atoms are ionized and the ions bombard the cathode hence producing some metal atoms. Some of the
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scattered atoms becomes excited state and emit characteristic radiation of the metal which is then concentrated into a beam of light and passed through a
quartz window. The atomization of the sample occurs when the sample is aspirated into an acetylene flame. Here the sample is transformed into atoms at
ground state in the vapor phase. The vaporized sample absorbs the radiation from Hollow cathode lamp (HCL). A monochromator selects the absorbed
characteristic light and directs it to a detector (made of a photomultiplier tube) that emits an electric signal proportional to the intensity of light. The
concentrations of those heavy metals detected were recorded and subjected to pollution models so as to determine the contamination status of those heavy
metals detected.

The levels of contamination of heavy metals detected from the water of Ukwuyok drinking stream of Okorombokho were assessed by employing some
pollution models such as the enrichment factor (EF), geo-accumulation index (lgeo), contamination factor (CF), metal index(MI), modified degree of
contamination (mCd), Pollution load index ({PL1I), potential ecological risk factor (PERF), and potential ecological risk index (PERI).

2.3.1 Enrichment factor (EF)

According to Huu et al.2010, Abata et al., 2016 and Yawo et al., 2023, “a common approach to estimate how much the sediment is impacted (naturally
and anthropogenically) with heavy metal is to calculate the enrichment factor (EF) for metal concentration above un-contaminated background levels”.
“The EF normalizes the measured heavy metals content with respect to a sample reference such as Fe, Al or Zn” (Mediolla et al., 2008). Deely and
Fergusson, (1994) proposed “Fe as an acceptable normalization element to be used in the calculation of the enrichment factor since they considered the
Fe distribution was not related to other heavy metals (Abrahim and Parker, 2008). “Fe usually has a relatively high natural concentration, and is therefore
not expected to be substantially enriched from anthropogenic sources in estuarine sediments (Niencheski et al., 1994). “A wide range of studies have used
Fe and Al normalisation as an alternative to grain size normalisation (Bruland et al., 1974, Breslin et al., 1999,Yawo et al., 2023). Sharma et al. (1999)
used “both Al and Fe to distinguish natural and anthropogenic sources in recent sediments from Texas estuaries (Abrahim and Parker, 2008,Yawo et al.,
2023). “Iron (Fe) was employed in this study as the normalizing metal or reference element. The assumption was made so that the association or influence
of anthropogenic sources to the atmosphere is insignificant or unimportant (Modh et al., 2015). The EF for each heavy metals was calculated to evaluate
anthropogenic influences of heavy metals in water using the following formula

EF = {cm/CFe}sample
- {cm/CFe}backgrund

1

Where {Cm/CFe}sample is the ratio of concentration of heavy metals (Cm) to that of Iron (CFe) in the water sample, and {Cm/CFe}background is
the same reference ratio in the background sample. Generally, EF value of about 1 suggests that a given metal may be entirely from crustal materials or
natural weathering process”(Zhang and Liu, 2002; Yawo et al., 2023) EF values in the ranges 0.5 to 1.5 suggested that the trace metals sources might be
entirely from crustal materials or natural weathering process, while, EF values > 1.5 suggested that a significant portion of trace metal was delivered
from non crustal materials or non natural weathering processes (Ekaete et al., 2015) and EF of 1.5 -3; 3- 5; 5 -10 and > 10 are considered the evidence of
minor, moderate, severe, and very severe modification as presented by (Birch, 2003” Abata et al., 2016; Yawo et al., 2023). The values of the enrichment
factor for the heavy metals in water of Ukwuyok drinking stream of Okorombokho are shown in Table 5.

2.3.2. Geo-accumulation Index (lIgeo)

According to Yawo et al., (2023) a common approach to estimating the enrichment of metal concentrations above background or baseline concentrations
is to calculate the geo-accumulation index (Igeo) as proposed by Miiller, (1969) . “In order to assess the contamination of the examined sediment or water
with organic and inorganic substances, the geo-accumulation index is utilized by comparing the control level with the current concentration of the metals
(Abraham and Parker, 2008; Modh et al., 2015). “The method assesses the degree of metal pollution in terms of seven enrichment classes based on the
increasing numerical values of the index” (Modh et al., 2015, Ubulom et., 2023, Yawo et al., 2023).

The geo-accumulation index (lgeo) is calculated by using the model equation:
lyeo = L0g,{C,/1.5B,,} 2

where C,, is the concentration of the element in the enriched samples, and the B,, is the background or pristine value of the element. The factor 1.5 is
introduced to minimize the effect of possible variations in the background values which may be attributed to lithologic variations in the sediments (Stoffers
et al., 1986; Abrahim and Parker, 2008).

The Igeo descriptive classes as proposed by Muller, (1969) is shown in Table 1.

The Igeo interpretation as applied in this study is presented in Tablel and the Igeo values for the heavy metals in water of Ukwuyok Drinking Stream of
Okorombokho, Eastern Obolo, Southeastern Nigeria is shown in Table 6.

2.3.3 Contamination Factor (CF)

This reflects the enrichment of heavy metal in sediments or water. It is the ratio of the concentration of heavy metals in sediments or water to the
concentration of that heavy metal in the background source. CF is expressed as given below as proposed by Hakanson, 1980.

CF = Cmetal/Cbackgmund 3.
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Where Cpetq is the concentration of metal in sediments or water, Cpqckgrouna IS the background value for the metal. The description of CF is presented
in Table 2. The values of CF for the detected heavy metals in this study are shown in Table 7.

2.3.4. Metal Index (MI)

Metal indices provide details on the relative levels of pollution that each metal in a water sample contributes Akpoveta et al (2011). The technique used
to compute Ml is as follows:

Ml =M
Mpc

4
Where Mc denotes the metal content in the test sample and Mpc is the maximum permitted concentration of metal in drinking water, as set out by WHO.
MI values > 1 demonstrate severe contamination, whereas MI values < 1 show no contamination (Akpoveta et al, 2011). The maximum permitted
concentrations (Mpc) of some heavy metals in drinking water by WHO are as follows; Cr =0.05, Mn =0.05, Fe =0.3, Co = 0.9, Ni =0.02, Cu =1.5, Zn

=5.0, As =0.05, Cd = 0.005, Hg = 0.001, and Pb = 0.05. The values of MI for the detected heavy metals in this study are shown in Table 5.
2.3.5. Modified degree of contamination (mCd)

Modified degree of contamination is based on the calculation for each pollutant of a contamination factor (CF). According to Uwah et al., (2013), the
numeric sum of the K specifies contamination factors which express the overall degree (Hakanson, 1980; Yawo et al., 2023) of sediment contamination
using the following formula;

Cd =Yk, CF 5

“The is aimed at providing a measure of the degree of overall contamination in surface layers of the sediment. Furthermore, all n species must be analyzed
in order to calculate the correct for the range of classes defined by Hakanson, (1980)”. “The modified formula is generalized by defining the degree of
contamination as the sum of all the contamination factors CF for a given set of estuarine pollutants divided by the number of analyzed pollutants (Uwah
et al., 2013). Since it is not always feasible to analyze all of the components used for this index, a variation of this method was proposed by Abrahim and
Parker (2008) providing the modified degree of contamination (mCd) using the following equation:

Kk cp.
med = Z=ch 6
n

where n is the number of analyzed elements and (i) is ith element (or pollutant) and CF is the contamination factor applied to calculate mCd. It allows the
incorporation of as many metals as the study may analyze with no upper limit (Abrahim and Parker, 2008). The classification of the heavy metals of the
sediments of the study area according to the modified degree of contamination is shown in Table 3 and the values of modified degree of contamination
of heavy metals in water for a respective station of Ukwuyok drinking stream of Okorombokho in Eastern Obolo, Southeastern Nigeria is shown in Table
7.

2.3.6. Pollution load index (PLI)

The pollution load index (PLI) provides a simple, comparative means for assessing the level of heavy metal pollution (Tomlinson et al., 1980;
Harikrishnan et al., 2015; Ubulom et al., 2023; Yawo et al., 2023). To assess the sediment quality, an integrated approach of pollution load index (PLI)
of the nth metals was calculated according to Suresh et al. (2011). The PLI is the nth root of multiplication of contamination factor of metals (CF)
expressed as;

PLI = (CF, X CF, X CFy X ....CE)"/n 7
Where CF is the contamination factor, n is the number of metals.
The PLI value >1 implies the present of pollution where as PLI value < 1 indicates no pollution.

The PLI values for the heavy metals in water of Ukwuyok drinking stream in Okorombokho are shown in Table 7.
2.3.7. Potential Ecological Risk Factor (PERF)

This is a ecological risk model employ to ascertain the level of toxicity of heavy metals on ecosystem. The ecological risk index has been calculated
through the equations as follows;

. ct
i D 8

f = C}l;
E} =T} x Cf 9
C} is the pollution coefficient of single metal; C} is the measured concentration of sample; C}. is the background concentration of sediments; Ef‘ is the

potential ecological risk factor of single metal; T} is the biological toxicity factor of different metals. Biological Toxicity factor for each heavy metals is;
Cu=5Mn=5Pb=5Co=5,2Zn=1,Fe=1,Cd=30,Cr=2,Ni=5, As = 10, Hg = 30 (Balakrishnan et al., 2015; Abata et.al.,2016). The interpretation
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of the potential ecological risk factor (PERF) is shown in Table 2 according to Hakanson, (1980), Yawo et al., (2023). The values of PERF for heavy
metals in water of Ukwuyok drinking stream of Okorombokho in Eastern Obolo, Southeastern Nigeria is shown in Table 8.

2.3.8. Potential Ecological Risk Index (PERI)

Potential ecological risk index (PERI) was introduced to assess the degree of heavy metal pollution in sediments according to the toxicity of the heavy
metals and the response of the environment (Hakanson, 1980). “Hakanson’s method has been used often in ecological risk assessment as a diagnostic
tool to potential ecological risk (Stoffers et al., 1986). RI (PERI) is calculated as the sum of all risk factors for heavy metals in sediments across the
stations. The degree of ecological risk caused by heavy metal in sediment is calculated as stated in equation 10 below.

PERI = ¥, E}. 10

Where RI (PERI) is the potential ecological risk index of many metals, E} is the potential ecological risk factor of single metal. The description of the
interpretation of the potential ecological risk index is presented in Table 2. The values of PERI for all the respective heavy metals in water of Ukwuyok
drinking stream of Okorombokho is shown in Table 8.

2.3.9. Multivariate statistical analysis

The relationships and origin of occurrences of heavy metals present in sediments sample were analyzed using the multivariate statistical analysis such as
the Pearson’s correlation coefficient and cluster analysis.

2.3.9.1 Pearson’s correlation coefficient (PCC)

Pearson Correlation coefficient is a statistical measure of the strength of a linear relationship between paired data. This is applied to establish the sources
through which the heavy metals are introduced into the coastal bodies and relationships among the detected heavy metals. The strong positive correlation
indicates similar sources while strong negative correlation implies different sources of the affected heavy metals (Yawo et al., 2023). Statistical Package
for the Social Sciences (SPSS) version 22 software was applied to obtain the PCC of the detected heavy metals. Statistics were judged to be significant
at P< 0.05 for interpretation of the result levels. Bivariate correlation coefficient using Pearson correlation coefficient, R, a dimension index has value in
the range -1.0<R<1.0. In a sample it is denoted by R, such that positive values denote positive linear correlations, negative values denote negative linear
correlation, and a value of 0 denotes no liner correlation. The closer the value is to 1 or -1, the stronger the linear correlation (Yawo and Akpan, 2021).
A Pearson correlation matrix was calculated for heavy metals in water of the study area and its shown in Table 10.

2.3.9.2 Cluster Analysis (CA)

This is another method of establishing the sources and relationships of the heavy metals detected. This is always employed to affirm the results established
using the PCC especially the Hierarchical dendrogram with Pearson’s correlation interval results. This was obtained using the Statistical Packages for the
Social Sciences (SPSS) version 22. The most used of the cluster analysis is classification. That is subjects are separated into groups such that each subject
is more similar to other subjects in its group than to subjects outside the group. That is cluster analysis (CA) classifies the studies of heavy metals in terms
of their similarity and difference. Cluster analysis was performed on the data set using average linkage between groups (rescaled distance cluster) to
visualize elemental groupings in the studied samples. The results are illustrated in the dendrogram on Hierarchical cluster analysis. Element belonging to
the same cluster are likely to have originated from a common source (Denutsui et al., 2011).

3. Results and Discussion
3.1 Concentration of Heavy Metals in Water of Ukwuyok Drinking Stream of Okorombokho, Eastern Obolo,

The range and mean concentration of heavy metals in water of Ukwuyok drinking stream of Okorombokho is shown in Table 4. The range values of the
concentration of the heavy metals in water of Ukwuyok drinking stream of Okorombokho is as follows; 0.24 —0.55 ppm for Cr, 0.82 —
2.05ppm for Mn, 111 —2.08 ppm for Fe,  0.38—0.93 ppm for Co, 0.20 —0.38 ppm for Ni,  0.71 — 1.61 ppm for Cu, 0.51—
2.30 ppm for Zn, 0.06 — 0.22 ppm for As, 0.10 — 0.21 ppm for Cd, 0.03 — 0.05 ppm for Hg, 0.08 — 0.20 ppm for Pb. The mean concentrations
values of the heavy metals in water of the study follow the ascending trend as follows; (0.04 ppm) < Pb(0.10ppm) < As (0.12ppm) = €d(0.12) <
Ni (0.27 ppm) < Cr (0.34 ppm) < Co (0.40 ppm) < Zn (0.78 ppm) < Cu(0.96 ppm) < Mn (1.09 ppm) < Fe (1.36 ppm). Fe has been reported
to occur at high concentrations in Nigeria soil/sediments (Godwin et al., 2015; Yawo and Akpan, 2021) and its possible for it to be high in water especially
in drinking stream.

3.2 Assessment of Pollution Levels of Heavy Metals in Water of Ukwuyok Drinking Stream of Okorombokho, Eastern Obolo

The mean concentration values of heavy metals reveal the ascending sequential trendsas Hg < Pb < As=Cd < Ni < (Cr <Co <Zn <Cu<Mn <
Fe as shown in Table 4. The concentrations of Cr, Co, Zn, Cu, and Mn which are higher than that of other heavy metals incurred in the study area could
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be due to anthropogenic influences among which are industrial processes, agricultural activities, incessant dumping of untreated wastes materials in
regions liable to drain pollutants uncontrollably, etc. The spatial variations of the value of concentration of heavy metals in water of Ukwuyok drinking
stream of Okorombokho, Eastern Obolo is shown in Figure 1.

The enrichment factor (EF) values of the heavy metals present in water of Ukwuyok drinking stream of Okorombokho are shown in Table 5. At Ukwuyok
drinking stream of Okorombokho | (UDSO 1), the EF values follow the ascending sequential trends as Ni < Zn < As < Pb =Mn < Co < Cu < Cr <
Cd < Fe < Hg. At UDSO I, the EF values follow the ascending sequential trends as Zn = As < Co < Mn = Cr < Cd < Pb < Cu < Fe < Ni < Hg.
At UDSO IlI, the EF values follow the ascending sequential trendsas Zn < Co < Pb < Cd < Mn < Cu < Fe = Hg < Cr < As < Ni. The mean values
of the EF at UDSO follow the ascending trend as Zn < Co < As < Pb < Mn < Cd < Ni < Cu < Cr < Fe < Hg. The values of EF at every point
including the mean values as shown in Table 6 are less than 1.5 for the respective heavy metals. According to Ekaete et al., (2015), EF values in the
ranges 0.5 to 1.5 suggested that the trace metals sources might be entirely from crustal materials or natural weathering process, while, EF values > 1.5
suggested that a significant portion of trace metal was delivered from non crustal materials or non natural weathering processes. The spatial variations of
the values of enrichment factor for heavy metals in water of Ukwuyok drinking stream of Okorombokho, Eastern Obolo is shown in Figure 2.

The values of the geo-accumulation index of heavy metals in water of Ukwuyok drinking stream (Table 6) is as follow; at site 1 (UDSO 1), the trend is
ZIn < As < Mn =Pb < Co < Cu<C(Cr <(Cd< Fe <Ni<Hg with which their values ranges from —0.53 to —0.10. The water at this point is
unpolluted with the detected heavy metals. At site 2 (UDSO 2), the sequential trend is Zn < AS < Co < Cr < Mn < Cd < Pb < Cu < Fe < Ni <
Hg. Their values ranged from —1.32 to —0.03. This part of the water is unpolluted with the heavy metals detected though the pollution of some heavy
metals such as Ni and Hg are higher than that at site 1. At site 3 (UDSO 3), the sequential trend as Zn < Co < Pb < Cd < Mn < Fe=Hg < Cr <
As < Cu < Ni and their values ranged from —0.24 to 0.17. Thus this part of the water is not contaminated with the heavy metals detected. The mean
values of the geo-accumulation index of heavy metals detected in water is of the sequential trend as Zn < As < Pb < Mn < Cd < Cr < Cu < Fe =
Co < Hg < Ni with the range values from —0.34 to 0.00. Thus the water at that point in time was not polluted with the heavy metals detected.

On the basis of the values of CF (Table 7), the water of Ukwuyok drinking stream of Okorombokho at site 1 (UDSOL1) is enriched with the heavy metals
in the sequential orders as Zn < As < Mn = Pb < Co < Cu < Cr < Cd < Fe < Ni < Hg with the values that ranged from 0.22 to 0.60. The water of
Ukwuyok drinking stream of Okorombokho at this site at that is not polluted by the heavy metals detected base on the evaluation of pollution indices in
Table 2 by Hakanson, (1980) and Yawo et al., (2023). The sequential trend on the pollution of the heavy metals in water of Ukwuyok dreaming stream
at site 2 (UDSO2) is as follows; Zn = As < Co < Cr =Mn < (Cd < Pb < Cu < Fe < Ni < Hg with the range values of 0.36 to 0.80. The
contamination trends of the heavy metals detected at site 3 (UDSO3) in water follows the ascending order as Zn < Co < Pb < Cd < Mn < Cu < Fe =
Hg < Cr < As < Ni. The range value is from 0.44 to 0.79. The mean values of CF of the heavy metals in water of Ukwuyok drinking stream follow the
sequential trends as Zn < Co < Pb < Mn = As < Cd < Cu < Cr < Fe < Hg < Ni and the range values of 0.34 to 0.79. This indicates that the
pollution status of the heavy metals detected in water of Ukwuyok drinking stream is low as presented by the pollution indices in Table 2 (Hakanson,
1980; Yawo et al., 2023). The spatial variation of contamination factors (CF) values of heavy metals in water of Ukwuyok Drinking stream of
Okorombokho, Eastern Obolo, Southeastern Nigeria is in Figure 4.

The values of the metal index (MI) model of pollution evaluation of heavy metals detected in water of Ukwuyok drinking streams (Table 8) reveals the
sequential trends of the heavy metals at site 1 (UDSO1) as Zn < Co < Cu < As < Pb < Fe < Cr < Ni < Mn < Cd < Hg. The values ranged from 0.2
to 30. According to Akpoveta et al, (2011), Ml values > 1 demonstrate severe contamination, whereas M| values < 1 show no contamination. This implies
that As (1.20) < Pb(1.60) < Fe(3.70) < Cr(5.00) < Ni(10.00) < Mn(16.40) < Cd(20.00) < Hg (30.00) with their values greater than one (1)
severely polluted that part of the water in an increasing order from As to Hg. At site 2 (UDSO2), the sequential order of Ml is as follows;

Zn< Co<Cu<As <Pb<Fe<(Cr<Ni<Mn<C(Cd< Hg. The values ranged from 0.17 to 110. Obtaining As(1.60) < Pb(2.20) < Fe(4.40) <
Cr(4.80) < Ni(11.00) < Mn(18.00) < €d(20.00) < Hg(110.00) with which their respective values are greater than one (1) signifies severe pollution
of that site of the water by those heavy metals detected from As to Hg. At site 3 (UDSO 3), the sequential trend is as follows; Zn < Co < Cu < Pb <
As < Fe < Cr < Ni<(Cd <Mn < Hg. The range of the values is from 0.20 to 120. With Pb (2.40) < As(4.20) < Fe(5.53) < Cr(10.40) <
Ni(11.00) < €d(30.00) < Mn(31.00) < Hg(120) of values greater than one (1), this site of the water was severely polluted with the detected heavy
metals in an ascending order from As to Hg. The mean values of M1 for respective heavy metals detected follow the ascending order as Zn < Co < Cu <
Pb < As < Fe < Cr < Ni < Mn < Cd < Hg. The range value is from 0.16 to 86.67. The pollution status of the detected heavy metals follows the
increasing sequence as Pb (2.07) < As(2.33) < Fe (4.54) < Cr(6.73) < Ni(10.67) < Mn(21.80) < €d(23.33) < Hg(86.67). This shows that that
water is severely polluted with heavy metals from Pb in an increasing order to Hg . The spatial variation of Metal index values of heavy metals in water
of Ukwuyok Drinking stream of Okorombokho, Eastern Obolo, Southeastern Nigeria is shown in Figure 5.

The values of modified degree of contamination (mCd) of the heavy metals detected for each of the site is shown in Table 7. The values at
each of the site are of an increasing order as UDS01 < UDS02 < UDS03 with the range values of 0.44 to 074 and the mean value of 0.60. According
to Abrahim and Parker, (2008) and Uwah et al.,( 2013) description of the modified degree of contamination (mCd), mCd < 1.5 indicates nil to low degree
of contamination. The spatial variation of the mCd is shown in Figure 6.

The values of the pollution load index (PLI) for heavy metals detected in water of Ukwuyok drinking stream is shown in Table 7. The PLI
values for respective stations follows the sequential trends as UDSO 2 < UDSO 1 < UDSO 3 with the range values of 0.50 to 0.74 and the mean values
of 0.65. According to Tomlinson et al., (1980), Harikrishnan et al., (2015), Ubulom et al., (2023) and Yawo et al., (2023) the PLI value >1 implies the
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present of pollution where as PLI value < 1 indicates no pollution. The spatial variation of Pollution Load Index (PLI) values of heavy metals in water of
Ukwuyok Drinking Stream of Okorombokho, Eastern Obolo, Southeastern Nigeria is shown in Figure 7.

The values of the potential ecological risk factor of heavy metals in water of Ukwuyok drinking stream, Okorombokho, Eastern Obolo,
Southeastern Nigeria is presented in Table 9. The PERF values for the respective heavy metals detected at site 1 (UDSO 1) is of the sequential trend as
Zn < Fe < Cr < Mn = Pb < Co < Cu < As < Ni < Cd < Hg with the range values. of 0.22 to 18.00. At station 2 (UDSO 2) the PERF values of
heavy metals follows the order as Zn < Fe < Cr < Co < Mn < Pb < Cu < Ni < As < Cd < Hg. Their values ranged from 0.36 to 24.00. At station 3
(UDSO 3), the sequential trend of the heavy metals are as follows Zn < Fe < Cr < Co < Pb < Mn < Cu < Ni < As < Hg < Cd. The range values
are from 0.44 to 30.71. The mean values of PERF for heavy metals in water of Ukwuyok drinking stream of Okorombokho follow the ascending order
asZn < Fe < Cr < Co < Pbh < Mn < Cu < Ni < As < Cd < Hg. The mean values ranged from 0.34 to 22.00. According to Hakanson, (1980) and
Yawo et al., (2023), PERF < 40 indicates low contamination of the ecosystem by the heavy metals, all the values of PERF are below 40 which implies
low pollution status but with increasing order from As to Hg. The spatial variation of Potential Ecological Risk Factor (PERF) values of heavy metals in
water of Ukwuyok Drinking stream of Okorombokho, Eastern Obolo, Southeastern Nigeria is shown in Figure 8.

The values of potential ecological risk index (PERI) of heavy metals in water of Ukwuyok drinking stream of Okorombokho follow the
ascending sequential trend as Zn < Fe < Cr < Co < Pb < Mn < Cu < Ni < As < Cd < Hg. The range of values are from 1.02 to 66.00. This implies
that the ecological risk factor of those heavy metals on the ecosystem is low according to Hakanson, (1980). The spatial variation of Potential Ecological
Risk Index (PERI) values of heavy metals in water of Ukwuyok Drinking stream of Okorombokho, Eastern Obolo, Southeastern Nigeria is shown in
Figure 9.

The relationships and sources through which the heavy metals present in the investigated water of Ukwuyok drinking stream of Okorombokho
were considered using Pearson’s correlation coefficient (PCC) and cluster analysis (CA). The Pearson’s correlation coefficient shows only positive
significant correlations. The positive significant correlations between heavy metals in water of Ukwuyok drinking stream are as follows; Cr and Cd (r =
1.000), Mn and Co (r = 0.999), Mn and Ni (r = 1.000), Mn and As (1.000), Fe and Pb(r = 0.999), Coand Ni (r = 0.999), Coand As (r = 0.999),
Ni and As (r = 1.000). These indicate the same sources of inputs of those heavy metals. Other heavy metals not in the matrix indicate separate different
sources for those heavy metals (Yawo and Akpan, 2021).

Hierarchical clustering results from heavy metals concentrations in water of Ukwuyok drinking stream of Okorombokho, Eastern Obolo, (Fig.
10) reveals two main clusters namely clusters 1 and 2. Cluster 1 is divided into 3 sub clusters. Sub clusters (1) Cd-Pb-As-Hg (2)As-Ni (3) Cr-Ni-Co.
Cluster 2 is divided into two (2) sub clusters. Sub clusters (1). Mn-Cu (2) Mn-Zn (3) Fe in terms of their similarities. This indicates that Cd, Pb, As, and
Hg are from same sources. Also As and Ni are from similar source and Cr, Ni and Co are from same sources. For sub cluster 2, Mn and Cu are from
similar source. Mn and Zn are also same source while Fe is from a different source.

Conclusion

In Nigeria, most domestic sewage and industrial effluents from both rural and urban areas are released into the environment without proper treatment.
Such practice is so pronounce among rural dwellers due to nonchalant attitudes among them and lack of inadequate sensitizations from appropriate
authority. The incessant releases of pollutants into the ecosystem through gas flare and other unhygienic activities of the industrial processes within
Eastern Obolo can likely increase the level of the concentrations of heavy metals in both water and sediments thereby affecting the livelihood of people
and other part of the ecosystem in that region. Thus, information in water quality condition is essential for evaluating the overall status of aquatic
ecosystems.

The mean concentrations of Fe in all the sampling sites are the highest indicating feldspar water base of Ukwuyok drinking stream of
Okorombokho. This is also affirmed from the dendrogram results in which Fe is in one sub cluster alone.

Among the pollutions equation models employed to ascertain the toxicity status of water of Ukwuyok drinking stream, Metal index (MI) pollutions model
revealed the extend of which the detected heavy metals could pose serious environmental imbalance due to the hazardous ability of the respective heavy
metals. According to Akpoveta et al, (2011), MI values > 1 demonstrate severe contamination, whereas MI values < 1 show no contamination. The
mean values of MI for respective heavy metals detected follow the ascending order as Zn < Co < Cu < Ph < As < Fe < C(r < Ni < Mn < Cd < Hg
and the heavy metals with MI greater one are follows the increasing sequence as Pb (2.07) < As(2.33) < Fe (4.54) < Cr(6.73) < Ni(10.67) <
Mn(21.80) < €d(23.33) < Hg(86.67). This shows that that water is severely polluted with heavy metals from Pb in an increasing order to Hg. These
toxicity threats could be due to runoff agricultural wastes, patches of crude oil from oil spillage, and other anthropogenic processes in the study area.
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Table 1. Geo-accumulation Index (Igeo) and pollution grade {Muller 1969; Ngeve et al., 2015; Yawo et al., 2023}

Igeo class Igeo value  Sediment quality

0 Igeo <0 Unpolluted

1 0<Igeo<1  Unpolluted to moderately polluted
2 I<Igeo<2  Moderately polluted

3 2<Igeo <3  Moderately to strongly polluted

4 3<Igeo <4  Strongly polluted

5 4<Igeo <5  strongly to extremely polluted

6 Igeo >5 Extremely polluted

Table 2. Corresponding relationships between evaluation degree of pollution indices and potential ecological risks (Hakanson, 1980; Yawo et al.,

2023)
CF  Monomial Eir Monomial potential ecological risk factor Rl Sum of all risks factors
Contamination factor
<1 Low <40 Low <150 Low
1-3  Moderate 40-80 Moderate 150-300  Moderate
3-6  High 80-160 Moderate to high 300-600 High
>6 Veryhigh 160-320 High > 600 Very high
>320 Very High

Table 3. Hakanson, (1980) classification of the modified degree of contamination (Abrahim and Parker, 2008; Uwah et al., 2013)

Table 4: Concentration (ppm) of Heavy Metals in Water of Ukwuyok Drinking Stream of Okorombokho, Eastern Obolo, Southeastern Nigeria

mCd values  Sediment quality

mCd<1.5

Nil to low degree of contamination

1.5<mCd<2  Low degree of contamination

2<mCd<4
4<mCd<8
8<mCd<16
16<mCd<3

mCd>32

Moderate degree of contamination
High degree of contamination
Very high degree of contamination
2 Extremely high degree of contamination

Ultra high degree of contamination

Heavy UDSO 1 (ppm) UDSO 2 (ppm) UDSO3 (ppm) Background value Mean
Metals (ppm) (ppm)
Cr 0.25 + 0.005 0.24 +£0.008 0.52+0.01 0.55+0.011 0.34
Mn 0.82+£0.01 0.90 £0.011 1.55+0.014 2.05+0.018 1.09
Fe 1.11 +£0.008 1.32+0.012 1.66 +0.013 2.08 £0.018 1.36
Co 0.38 £ 0.005 0.39 +£0.007 0.44+0.01 0.93+0.016 0.40
Ni 0.20 £ 0.004 0.22 £0.004 0.38 £ 0.006 0.34 £0.007 0.27
Cu 0.71 £0.007 0.92+0.01 1.26 + 0.011 1.61+0.013 0.96
Zn 0.51 £0.007 0.83+0.011 1.00 + 0.016 2.3+0.022 0.78
As 0.06 £0.003 0.08 £ 0.004 0.21 £ 0.006 0.22+0.01 0.12
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cd
Hg

Pb

0.10 £ 0.004

0.03 + 0.001

0.08 £ 0.002

0.10 +0.003

0.04 £0.002

0.11 +0.003

0.15+0.005

0.04 £0.002

0.12 £ 0.004

0.21 +0.005

0.05 £+ 0.004

0.20 £ 0.005

0.12

0.04

0.10

UDSO implies Ukwuyok drinking stream of Okorombokho

Table 5: Enrichment Factor of Heavy metals in water of Ukwuyok Drinking Stream, Okorombokho, Eastern Obolo, Southeastern Nigeria

Table 6. Geo-accumulation Index of Heavy Metals in Water of Ukwuyok Drinking Stream, Okorombokho, Eastern Obolo, Southeastern Nigeria

Heavy Metals UDSO 1 UDSO 2 UDSO 3 Mean
Cr 0.85 0.69 1.18 0.91
Mn 0.75 0.69 0.95 0.80
Fe 1.00 1.00 1.00 1.00
Co 0.77 0.66 0.59 0.67
Ni 0.23 1.02 1.40 0.88
Cu 0.83 0.90 0.98 0.90
Zn 0.42 0.57 0.54 0.51
As 0.51 0.57 1.20 0.76
Cd 0.89 0.75 0.90 0.85
Hg 1.12 1.26 1.00 1.13
Pb 0.75 0.87 0.75 0.79

Heavy Metals UDSO 1 UDSO 2 UDSO 3 Mean
Cr -0.22 -0.24 0.10 -0.12
Mn -0.27 -0.23 0.01 -0.16
Fe -0.15 -0.07 0.03 -0.06
Co -0.26 -0.25 -0.20 -0.06
Ni -0.11 -0.06 0.17 0.00

Cu -0.23 -0.12 0.12 -0.08
Zn -0.53 -1.32 -0.24 -0.34
As -0.44 -0.31 0.11 -0.21
Cd -0.20 -0.20 -0.02 -0.14
Hg -0.10 0.03 0.03 -0.01
Pb -0.27 -0.13 -0.10 -0.17
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Table 7. Contamination factor (CF), modified degree of contamination (mCd), and PLI of Heavy metals in water of Ukwuyok Drinking Stream,
Okorombokho, Eastern Obolo, Southeastern Nigeria

Heavy UDSO 1 UDSO 2 UDSO 3 Mean
metals

Cr 0.45 0.44 0.95 0.61
Mn 0.40 0.44 0.76 0.53
Fe 0.53 0.64 0.80 0.66
Co 041 0.42 0.47 0.43
Ni 0.59 0.65 1.12 0.79
Cu 0.44 0.57 0.78 0.60
Zn 0.22 0.36 0.44 0.34
As 0.27 0.36 0.96 0.53
Cd 0.48 0.48 0.71 0.56
Hg 0.60 0.80 0.80 0.73
Pb 0.40 0.55 0.60 0.52
Sum CF 4.79 6.78 8.39

mCd 0.44 0.62 0.74 0.60
PLI 0.42 0.50 0.74 0.65

Table 8. Metal index (MI) of Heavy Metals in Water of Ukwuyok Drinking Stream of Okorombokho, Eastern Obolo, Southeastern Nigeria

Heavy metal UDSO 1 UDSO 2 UDSO 3 Mean
Cr 5.00 4.80 10.40 6.73
Mn 16.40 18.00 31.00 21.80
Fe 3.70 4.40 5.53 454
Co 0.42 0.43 0.49 0.45
Ni 10.00 11.00 11.00 10.67
Cu 0.47 0.61 0.84 0.64
Zn 0.10 0.17 0.20 0.16
As 1.20 1.60 4.20 2.33
Cd 20.00 20.00 30.00 23.33
Hg 30.00 110.00 120.00 86.67
Pb 1.60 2.20 2.40 2.07

Table 9. Potential Ecological Risk Factor (PERF) and Potential Ecological Risk Index (PERI) of Heavy Metals in Water of Ukwuyok Drinking Stream,
Okorombokho, Eastern Obolo, Southeastern Nigeria

Heavy metals UDSO 1 UDSO 2 UDSO 3 Mean PERI
Cr 0.90 0.88 1.90 1.23 3.68
Mn 2.00 2.20 3.80 2.67 8.00
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Fe
Co
Ni

Cu
Zn
As
Cd
Hg

Pb

0.53

2.05

2.95

2.20

0.22

2.70

14.40

18.00

2.00

0.64

2.10

3.25

2.85

0.36

3.60

14.40

24.00

0.80

2.35

5.60

3.90

0.44

9.60

30.71

24.00

3.00

0.66

2.17

3.73

2.98

0.34

5.30

19.84

22.00

2.58

1.97

6.50

11.2

8.95

1.02

15.90

59.51

66.00

7.75

Table 10. Pearson’s Correlations Matrix for Heavy Metals in Water of Ukwuyok Drinking Stream, Okorombokho, Eastern Obolo, Southeastern

Nigeria
Cr Mn Fe Co Ni Cu Zn As Cd Hg Pb
Cr 1 .990 .646 .982 .991 913 745 .988 1.000" A72 670
Mn .990 1 746 .999" 1.000™ .961 831 1.000™ .994 .590 767
Fe .646 746 1 777 742 .901 .990 .756 670 .978 .999"
Co .982 .999" N 1 .999" 973 .856 .999" .988 629 797
Ni .991 1.000™ 742 .999" 1 .959 827 1.000" .995 .585 763
Cu 913 .961 .901 973 .959 1 .952 .965 .926 790 914
Zn 745 831 .990 .856 .827 .952 1 .839 .766 .940 .994
As .988 1.000™ .756 .999" 1.000 .965 .839 1 .992 .603 N
Cd 1.000 .994 .670 .988 .995 .926 .766 .992 1 .500 .693
Hg A72 .590 .978 .629 .585 .790 .940 .603 .500 1 971
Pb 670 767 .999" 797 .763 914 .994 77 .693 971 1
*. Correlation is significant at the 0.05 level (2-tailed).
**_Correlation is significant at the 0.01 level (2-tailed).
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Fig. 1. Spatial variation of values of concentrations (ppm) of heavy metals in water of Ukwuyok Drinking stream of Okorombokho, Eastern Obolo,

Southeastern Nigeria
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Fig. 2. Spatial variation of Enrichment Factor (EF) values of heavy metals in water of Ukwuyok Drinking stream of Okorombokho, Eastern Obolo,

Southeastern Nigeria
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Fig. 3. Spatial variation of geo-accumulation index (Igeo) values of heavy metals in water of Ukwuyok Drinking stream of Okorombokho, Eastern Obolo,

Southeastern Nigeria
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Fig. 4. Spatial variation of contamination factors (CF) values of heavy metals in water of Ukwuyok Drinking stream of Okorombokho, Eastern Obolo,
Southeastern Nigeria
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Fig. 5. Spatial variation of Metal index values of heavy metals in water of Ukwuyok Drinking stream of Okorombokho, Eastern Obolo, Southeastern
Nigeria
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Fig. 6. Spatial variation of modified degree of contamination (mCd) values of heavy metals in water of Ukwuyok Drinking stream of Okorombokho,
Eastern Obolo, Southeastern Nigeria
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Fig. 7. Spatial variation of Pollution Load Index (PLI) values of heavy metals in water of Ukwuyok Drinking stream of Okorombokho, Eastern Obolo,
Southeastern Nigeria
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Fig. 8. Spatial variation of Potential Ecological Risk Factor (PERF) values of heavy metals in water of Ukwuyok Drinking stream of Okorombokho,
Eastern Obolo, Southeastern Nigeria
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Fig. 10. Hierarchical dendrogram cluster analysis for heavy metals in water of Ukwuyok Drinking stream of Okorombokho, Eastern Obolo, Southeastern
Nigeria
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