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ABSTRACT

This research endeavor conducted an assessment of the concentrations of specific heavy metals (Pb, Cd, Cr, Fe, Cu, and Ni) within soil and surface water samples sourced from the Kantin Daji region of Sokoto State. The samples underwent analysis utilizing Atomic Absorption Spectroscopy (AAS) methodologies. The observed concentrations (mg/L) in the water samples included Fe (0.034), Cu (0.004), Cd (0.001), Pb (0.003), and Ni (0.001). In parallel, the corresponding soil concentrations (mg/kg) were identified as Fe (0.578), Cu (0.488), Cd (0.01), Pb (0.028), and Ni (0.01), while Cr was undetectable in both the surface water and soil samples. A comparative analysis against WHO/FDA regulatory limits revealed heightened levels of Fe and Cu, indicating a potential risk of environmental contamination.
CHAPTER ONE
[bookmark: _Toc213151164]INTRODUCTION
[bookmark: _Toc213151165]1.1 Background of the study
Heavy metals refers to metals with a specific gravity greater than five (5).They are toxic and accumulate within organisms in the natural environment (Enuneku et al., 2018). They are ubiquitous in the environment and due to rapid urbanization and industrialization worldwide, it is anticipated that heavy metals are being continuously introduced in to the environment from a variety of sources such as discharge of domestic sewages, industrial waste water, discharge of urban and industrial solid wastes, exhaust pipes of motor cars, generators and chimneys, usage of agrochemicals and atmospheric deposition (Fosu-Mensah et al., 2018). In the aquatic environment for instance, heavy metals can be discharged via several routes including effluent/waste discharge, run-offs, leachates, shipping activities, and atmospheric depositions, especially from industrial and urban areas (Maanan, 2008; Enuneku et al., 2018). Environmental pollution due to heavy metals has harmful effects on both plants and animals (Fostner and Wittmann, 2012).
Heavy metals pollution in soil and water has a lot of adverse effects and thus is of great concern to public health and agricultural production. The soil pollution is mainly due to disposal of industrial and urban wastes as well as usage of agrochemicals, while water pollution is primarily caused by industrial wastes, sewage disposal, petroleum contamination, and agricultural drainage water (Singh et al., 2010). Many growing developing countries are vulnerable to air pollution due to the fact that heavy metals containing aerosols are  normally deposited on soil surface and get absorbed by vegetables or sometimes get deposited on plant leaves (Sharma et al., 2006). The uptake of heavy metals by the plants from the soil depends on the different factors, including application of agrochemicals, solubility of heavy metals, soil pH, soil type, and plant species (Gupta et al., 2013; Kacholi and Sahu,2018). 
In addition to causing environment damage, heavy metals in soil, air, and other media in mining-affected areas enter plants by absorption through the vegetable roots and dust on leaves (Li et al., 2017). Meanwhile, ingestion of heavy metals can upset the body chemistry, especially because these metals do not undergo decomposition within the body and have a high affinity for many body systems (Duruibe et al., 2007). Increasing evidence indicates that oral exposure is the most important way for heavy metal translocation into the food chain, and high consumption of contaminated vegetables can pose a serious risk to human body (Hough et al., 2004; Yaganeh et al., 2012). Interestingly, several studies such as those of Li et al. (2013), Ha et al. (2014) and Huang et al. (2016) of the accumulation and origin of heavy metals in soil and the potential ecological hazards associated with this process have revealed and increasing trend.
Recently, some intensive research has attracted attention to the effects of heavy metals on human health, especially in infants and children (Krishna and Mohan, 2016; Izhar et al., 2016).Human generally are exposed to toxic heavy metals in the environment through different routes including ingestion, inhalation, and dermal absorption. People are more exposed to toxic metals in developing countries (Kpan  et al., 2014). Generally, people have poor awareness and knowledge about exposure to heavy metals and its consequences for human health, especially in the developing countries. People may be exposed to heavy metals in the work place and in the environment (Noli and Tsamos, 2016). Human exposure to toxic chemicals in the work place is called non-occupational environmental exposure. Workers are exposed to heavy metals in mining and industrial operations where they may inhale dust and particulate matter-containing metal particles. People extracting gold through the amalgamation process are exposed to mecury (Hg) vapours (Ali et al., 2019).
Also, it has been reported that welders with occupational prolonged exposure to welding fumes had significantly higher levels of the heavy metals chromium (Cr), nickel (Ni), cadmium (Cd), and lead (Pb) in blood than the control and showed increased oxidative stress (Mahmood et al., 2015). Cigarette smoking is also a principlal source of human exposure to Cd and other toxic heavy metals present in the  tobacco leaves (Jarup, 2003). On the other hand, heavy metals may enter the body bofan organism directly from the abiotic environment, i.e., water, sediments, and soil or may enter the organism body from its food/prey. Ali et al. (2019) reports further that heavy metals arresting neutrotoxins in fish species. The interaction of heavy metals which emical stimuliin fish may interrupt the communication of fish with their environment.
[bookmark: _Toc213151166]1.2  Statement of the Problem 
The study was designed to investigate the levels of heavy metals in soil and surface water in Kantin Daji Area in Sokoto State is a rapidly developing region characterized by mixed land use, including residential, commercial, and agricultural activities. It hosts busy markets, small-scale businesses, and vehicular movement that potentially contribute to environmental pollution. However, little or no systematic research has been carried out to assess the extent of heavy metal contamination in the soil and surface water of this area.
This lack of environmental data poses a serious challenge to public health and resource management. Residents may unknowingly be exposed to toxic metals through direct contact with contaminated soil, use of polluted water for drinking, cooking, or irrigation, and through the food chain. Without concrete scientific evidence on the levels and sources of contamination, it becomes difficult for policymakers and health authorities to take preventive or corrective measures.
Therefore, this study seeks to address the knowledge gap by assessing the concentrations of selected heavy metals in soil and surface water samples collected from communities around Kantin Daji. The findings will help determine whether the levels of heavy metals exceed national and international safety limits, and will provide the basis for recommending appropriate environmental and public health interventions.
[bookmark: _Toc213151167]1.3   Justification of the study 
The presence of heavy metals in the environment has become a growing concern worldwide because of their persistence, non-biodegradability, and potential to bioaccumulate in living organisms. In communities such as Kantin Daji, where people depend directly on soil and surface water for agriculture, domestic activities, and sometimes even drinking, contamination by heavy metals poses serious risks to both human health and the ecosystem.
Despite the environmental and health implications, there is little or no documented research assessing the concentration of heavy metals in soil and surface water in the Kantin Daji area of Sokoto State. The absence of such scientific data makes it difficult for environmental agencies and policymakers to evaluate the extent of pollution and take corrective measures.
[bookmark: _Toc213151168]1.3 Aim and Objectives of the Study
Aim:
The main aim of this study is to assess the concentration of selected heavy metals ( Pb, Cd,Cr,Fe,Cu,Ni) in soil and surface water from selected location(Kantin Daji Area Sokoto metropolis).
Objectives:
i. To collect soil and surface water samples from selected locations within the Kantin Daji area.
ii. To determine the concentrations of selected heavy metals such as lead (Pb), cadmium (Cd), chromium (Cr), Iron(Fe), Nickel (Ni), and copper (Cu) using Atomic Absorption Spectroscopy (AAS).
iii.To compare the concentration of the selected heavy metals in Soil & surface water.
iv.To compare the concentration of the selected heavy metals within the WHO/FDA limits.
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[bookmark: _Toc213151170]LITERATURE REVIEW
[bookmark: _Toc213151171]2.1 Heavy Metals 	
Regarding their roles in biological systems, heavy metals are classified as essential  and non-essential. Essential heavy metals are important for living organisms and may be required in the body in quite low concentrations. Non-essential heavy metals have no known biological role in living organisms. Examples of essential heavy metals are Mn, Fe, Cu, and Zn, while the heavy metals Cd, Pb, and Hg are toxic and are regarded as biologically non-essential (Rahim et al., 2016). The heavy metals Mn, Fe, Co, Ni, Cu, Zn, and Mo are micronutrients or trace elements for plants. They are essential for growth and stress resistance as well as for biosynthesis and function of different biomolecules such as carbohydrates, chlorophyll, nucleic acids, growth chemicals, and secondary metabolites (, 2010). 
Either deficiency or excess of an essential heavy metal leads to diseases or abnormal conditions. However, the lists of essential heavy metals may be different for different groups of organisms such as plants, animals, and microorganisms. It means a heavy metal may be essential for a given group of organisms but non-essential for another one. The interactions of heavy metals with different organism groups are much complex (Ali et al., 2019). Heavy metals are among the most investigated Environmental pollutants. Almost any heavy metal and metalloid may be potentially toxic to biota depending upon the dose and duration of exposure. Many elements are classified into the category of heavy metals, but some are relevant in the environmental context. List of the environmentally relevant most toxic heavy metals and metalloids contains Cr, Ni, Cu, Zn, Cd, Pb, Hg, and As (Barakat, 2011). 
Heavy metal pollutants most common in the environment are Cr, Mn, Ni, Cu, Zn, Cd, and Pb (Khan et al., 2011). In 2009, China has suggested four metals, i.e., Cr, Cd, Pb, Hg, and the metalloid As, as the highest priority pollutants for control in the 12th5-year plan for comprehensive prevention and control of heavy metal pollution” reported in the recent reports of Fu and co-workers (2017). Some other heavy metals are also hazardous to living organisms depending upon dose and duration of exposure. For example, Mansouri et al., (2012) have found Ag as more toxic than Hg to a freshwater fish.
2.1.1 Sources of Heavy Metals in the Environment
Major sources of heavy metals in the environment can be both natural, geogenic, The environment include weathering of metal-bearing rocks and volcanic eruptions. Lithogenic and anthropogenic. The natural or geological sources of heavy metals in minning and industrial and agricultural activities. They are released during mining increase in the anthropogenic share of heavy metals in the environment (Nagajyotiet et al., 2009). The anthropogenic sources of heavy metals in the environment include the global trends of industrialization and urbanization on Earth have led to an and extraction of different elements from their respective ores (Ali et al., 2019). Heavy metals released to the atmosphere during mining, smelting, and other wastewaters such as industrial effluents and domestic sewage add heavy metals to
Regarding contents of heavy metals in commercial chemical fertilizers, phosphate
Also contribute to the anthropogenic input of heavy metals in the environment.
Industrial processes return motheland through dry and wet deposition. Discharge of
The environment. Application of chemical fertilizers and combustion of fossil fuels
Fertilizers are particularly important (Yang et al., 2018).
In general, phosphate fertilizers are produced from phosphate rock (PR) by acidulation. In the acidulation of single superphosphate (SSP), sulfuric acid is used, while in acidulation of triple superphosphate (TSP), phosphoric acid is used metals present as constituents in the phosphate rock. Commercial inorganic fertilizers, particularly phosphate fertilizers, can potentially contribute to the global transport of heavy metals (Odousoro et al., 2010).Heavy metals added to agricultural soil through inorganic fertilizers may leach into ground water and contaminate it . Phosphate fertilizers are particularly rich in toxic heavy metals. The two main pathways for transfer of toxic heavy metals from phosphate fertilizers to the human body are shown below (Nagajyoti et at., 2010):
i. phosphate rock ⟶fertilizer ⟶soil ⟶plant ⟶food ⟶human body
ii. phosphate rock ⟶fertilizer ⟶water ⟶human body
Combustion of fossil fuels in industries, homes, and transportation is an
Anthropogenic sources of heavy metals. Vehicle traffics among the major anthropogenic source of heavy metals such as Cr, Zn, Cd, and Pb. Higher Concentrations of environmentally important heavy metals have been reported in soil and plants along road in urban and metropolitan areas (Tasuna et al., 2015).
Regarding anthropogenic sources of heavy metals, emissions from coal combustion and other combustion processes are very important. During coal combustion Cd,Pb, and As are partially volatile, while Hg is fully volatile (Khan et al., 2004).
Interestingly , Kantin Daji area in sokoto state is been faced with many adverse
Environmental problems that affects the soil and gully erosion. This slowed down
The growth and development of the area in the last two decade, particularly
Economically. But, with intervention from both the state and local government through construction of drainages in worst affected areas, the problem is Ameliorating.In China for instance, combustion of coal is one of the major sources of atmospheric emissions of hazardous trace elements. The anthropogenic sources Of Cr include electroplating industries, leather tanneries, textile industries, and steel Industries (Tian et al., 2013).
Globally, about 50,000t/year of Cr may be emitted from coal combustion, wood Burning, and refuse incineration. Fertilizers also usually contain significant contents Of Cr. Globally, about 60,000t/year of Ni may be generated from coal combustion; Its greater portion remains in the ash (Krügeret al., 2017). The natural sources of Cd In the environment are volcanic action and weathering of rocks, whereas an Ores. Globally, about 7,000t/year of Cd may be emitted from coal combustion, and Anthropogenic source is nonferrous metal mining, especially processing of Pb-Zn Sewage sludge incineration is also a source of Cd. Anthropogenic increases in Cd
Concentrations are also caused by excessive application of chemical fertilizers. P Trace quantities to 300ppm on dry weight basis and hence may be a main source of Containing fertilizers contain Cd as a contaminant at concentrations ranging from Input of this metal to agricultural systems (Wang et al., 2015).Lead (Pb) is released to the environment from different sources including acid Batteries, old plumbing systems, and lead shots used for hunting of game birds. Combustion of lead edgasolin eisalsoasource of Pb in the environment. Although Use of the tetraethyl lead as an antiknock agent in gasoline has been banned, it is Still used in some developing regions of the world (Ali et al., 2019).

CHAPTER THREE
[bookmark: _Toc213151172]MATERIALS AND METHODS

3.1 MATERIALS
Table 3.1 Apparatus/Instruments Used
	SN
	APPARATUS
	TYPE
	MANUFACTURER

	1
	Beaker
	Glass
	Pyrex Glass, England

	2
	Filter paper
	Paper
	England

	3
	Hot plate
	Metal
	Italy

	4
	Measuring cylinder
	Glass
	Pyrex Glass, England

	5
	Restort stand
	Metal
	England

	6
	pH meter
	
	China

	7
	TDS
	
	China

	8
	EC
	
	China

	9
	Thermometer
	
	India

	10
	Volumetric flasks
	Glass
	Pyrex Glass, England

	11
	Test tube
	Glass
	Pyrex Glass, England

	12
	Weighing balance
	
	India

	13
	Pippete
	Glass
	Pyrex Glass, England

	14
	A.A.S Machine
	
	Baijing, China





3.1.2 List of Reagents Used
Table 3.2 Laboratory Reagents (Chemicals) Used
	SN
	REAGENTS
	FORMULA
	GRADE
	MANUFACTURER

	1
	Distilled water
	H₂O
	Laboratory
	Chemical Lab

	2
	Hyperchloric acid
	HClO₄
	Laboratory
	Germany

	3
	Nitric acid
	HNO₃
	Laboratory
	Dariiganj, New Delhi 10002 (India)



[bookmark: _Toc213151173]3.2 Methodology
[bookmark: _Toc213151174]3.2.1 Sample Collection
Soil Samples
Soil samples were procured from a stratigraphic depth of 0–15 cm, as this superficial horizon is predominantly influenced by anthropogenic pollutants (Gupta et al., 2019). Composite samples were systematically obtained from various coordinates at each site, subsequently homogenized, and preserved in appropriately labeled polyethylene containers.
Water Samples
Surface water samples were gathered in pre-cleaned polyethylene containers, which were thoroughly rinsed with the sample water prior to collection. In order to mitigate microbial degradation and the precipitation of metallic constituents, the samples were acidified by the addition of a few drops of nitric acid to achieve a pH of less than 2 (Ademoroti, 1996).
3.3 Sample Preparation and Digestion
Soil Samples
The collected soil samples were subjected to air-drying, grinding, and sieving through a 2 mm mesh. A quantity of one gram (1 g) from each soil sample was digested utilizing a combination of concentrated HNO₃ and HClO₄ on a hot plate until a transparent solution was achieved (Uwah et al., 2009).

Water Samples
For the water samples, 100 mL of each acid-preserved specimen was subjected to digestion with concentrated HNO₃ until the volume was reduced to 20 mL, following which it was filtered and diluted to a standardized volume (APHA, 2017).
[bookmark: _Toc213151175]3.4 Determination of Heavy Metals
The digested samples underwent analytical assessment for heavy metals including Pb, Cd, Cr, Fe, and Cu employing an Atomic Absorption Spectrophotometer (AAS). Calibration was executed utilizing certified standard solutions, while analytical blanks and replicates were assessed for quality assurance purposes (Yusuf et al., 2021).
[bookmark: _Toc213151176]3.5 Quality Control and Assurance
To guarantee the accuracy and reliability of findings, all glassware was subjected to acid washing to eliminate potential contamination. Analytical blanks were incorporated into each analytical batch, and duplicate measurements were conducted. The calibration of the AAS was corroborated using standard reference materials (APHA, 2017).
[bookmark: _Toc213151177]3.6 Data Analysis
The concentrations of metals in soil were quantified in mg/kg, whereas those in water were quantified in mg/L. The results were compared against permissible limits established by NESREA, WHO, and FAO. Statistical evaluations, encompassing mean, standard deviation, and ANOVA, were performed utilizing appropriate statistical software to ascertain significant variations among sampling locations (Gupta et al., 2019). Findings were illustrated in tables, graphs, and charts for enhanced clarity.
[bookmark: _Toc213151178]3.7 Physicochemical Analysis
[bookmark: _Toc213151179]3.7.1 Determination of pH
The pH levels of soil and surface water samples were ascertained utilizing a bench multimeter (Model: Hanna HI5522, Hanna Instruments, USA), adhering to the standardized methodologies promulgated by the American Public Health Association (APHA, 2017). For the analysis of surface water, 50 mL of each sample was carefully transferred into a sterile beaker. The instrument underwent calibration employing standard buffer solutions with pH values of 4.00, 7.00, and 10.00. The electrode was thoroughly rinsed with distilled water, dried with absorbent tissue, and subsequently
immersed into the sample. The reading was permitted to stabilize, and the pH value was recorded directly from the digital display. In the case of soil analysis, 10 g of air-dried, sieved soil (<2 mm) was accurately weighed into a 100 mL beaker, followed by the addition of 25 mL of distilled water to create a 1:2.5 soil-to-water suspension. The resulting mixture was agitated thoroughly and allowed to stand undisturbed for a duration of 30 minutes. The electrode was then immersed in the supernatant, and the stabilized reading was meticulously recorded. All measurements were executed in triplicate, and the mean values were subsequently calculated.
[bookmark: _Toc213151180]3.7.2 Determination of Electrical Conductivity (EC)
The electrical conductivity (EC) of soil and surface water samples was evaluated employing the conductivity probe of the bench multimeter, in accordance with the prescribed methodologies detailed by APHA (2017) and Rhoades (1996). Prior to the analytical procedures, the instrument was calibrated using a 1.413 mS/cm potassium chloride (KCl) standard solution maintained at 25°C. For surface water analysis, 50 mL of the sample was placed in a clean beaker, and the probe was rinsed, dried, and subsequently immersed in the sample. Upon stabilization, the EC value was recorded in either µS/cm or mS/cm. In the analysis of soil, the supernatant extracted from the 1:2.5 soil-to-water suspension was utilized. The probe was inserted into the clear solution, and the EC value was documented after stabilization. All determinations were conducted in triplicate, and the mean values were reported accordingly.
[bookmark: _Toc213151181]3.7.3 Determination of Total Dissolved Solids (TDS)
The Total Dissolved Solids (TDS) present in soil and surface water samples were determined utilizing the TDS function of the bench multimeter, as delineated by APHA (2017). Calibration was automatically achieved during the standardization of EC with
the KCl solution (1.413 mS/cm). For surface water, 50 mL of the sample was transferred into a clean beaker, and the probe was rinsed and subsequently inserted into the sample. The reading was allowed to stabilize, and the TDS value (expressed in mg/L or ppm) was recorded. For soil samples, the supernatant derived from the 1:2.5 soil-to-water mixture was employed. The identical procedural steps were adhered to, and the TDS value was automatically calculated from the EC using the meter’s internal conversion factor (0.64). All measurements were executed in triplicate, and the mean values were systematically calculated.







[bookmark: _Toc213151182]CHAPTER FOUR
[bookmark: _Toc213151183]RESULTS AND DISCUSSION
[bookmark: _Toc213151184]4.1 Results

Table 4.1.1: Result of Potential of Hydrogen (pH), Total Dissolved Solids (TDS), and Electric Conductivity (EC) of the Surface Water
	S/N
	Parameters
	Experimental Values

	1
	pH
	6.69

	2
	TDS
	808 (ppm)

	3
	EC
	161 µS/cm


Table 4.1.2: Result of the Potential of Hydrogen (pH) of the Soil Sample
	S/N
	Parameters
	Experimental Values

	1
	pH
	6.03


Table 4.1.3: Calculated Concentration of Heavy Metals in Soil and Surface Water Samples
	Label
	Average Concentrations Found in mg/L (Surface Water Sample)
	Average Concentrations Found in mg/kg (Soil Sample)
	WHO Limit (mg/L)

	1. Cr
	ND
	ND
	0.05

	2. Fe
	0.034 ± 0.00
	0.578 ± 0.40
	0.3

	3. Cu
	0.004 ± 0.02
	0.488 ± 0.30
	2.0

	4. Cd
	0.001 ± 0.00
	0.01 ± 0.18
	0.003

	5. Pb
	0.003 ± 0.00
	0.028 ± 0.16
	0.01

	6. Ni
	0.001 ± 0.00
	0.01 ± 0.18
	0.07


ND = Not Detected
[bookmark: _Toc213151185]4.2 DISCUSSION
From the results in table 4.1.1
4.2.1.pH (6.69)
The pH value of 6.69 indicates that the water is slightly acidic, but still within the World Health Organization (WHO) acceptable range for drinking and domestic use (6.5–8.5).
Slight acidity can result from natural organic matter, dissolved carbon dioxide, or nearby vegetation.
While this level poses no serious health risk, prolonged use may cause corrosion in metal pipes or affect aquatic life sensitive to pH changes.
4.2.2. Total Dissolved Solids (TDS = 808 ppm)
TDS measures the combined content of inorganic salts (e.g., calcium, magnesium, sodium, bicarbonates, chlorides, and sulfates) and small amounts of organic matter in water.
The value of 808 ppm suggests moderate mineralization — not harmful, but higher than in typical freshwater (<500 ppm).
Such levels could indicate natural mineral leaching from rocks/soils or slight pollution from domestic or agricultural runoff.
If used for drinking, the taste might be slightly salty or mineral-rich, but still acceptable under WHO guidelines (≤1000 ppm).
4.3.3. Electrical Conductivity (EC = 1617 µS/cm)
EC indicates the water’s ability to conduct electricity, which depends on the concentration of dissolved ions.
The recorded 1617 µS/cm is slightly above the WHO’s recommended limit (1500 µS/cm).
This implies a high level of ionic substances, likely corresponding with the high TDS value.
Elevated EC may suggest possible contamination from fertilizers, deter

From the results of table 4.1.2
The soil pH shows that the pH from the soil are acidity in nature.
A pH value of 6.03 indicates that the soil is slightly acidic. 
Implication for Soil Fertility:
Slightly acidic soils (pH 6.0–6.5) are generally favorable for most plant growth, as they allow optimum nutrient availability and microbial activity. At this pH:
Macronutrients such as nitrogen (N), phosphorus (P), and potassium (K) are readily available.
Micronutrients such as iron (Fe), manganese (Mn), and zinc (Zn) are also adequately soluble.
Possible Causes of Slight Acidity:
Continuous use of ammonium-based fertilizers.
Leaching of basic cations (Ca²⁺, Mg²⁺, K⁺, Na⁺) due to rainfall.
Organic matter decomposition, which releases organic acids.
From the results in table 4.1.3
According to the results obtained from the AAS analysis of surface water and soil samples from the Katin Daji area of Sokoto State, it was observed that the concentrations of cadmium (Cd) and nickel (Ni) in the samples were relatively low, whereas the concentrations of copper (Cu), iron (Fe), and lead (Pb) were higher than the recommended limits set by the WHO. Consequently, the surface water was considered unsafe for drinking.




CHAPTER FIVE
[bookmark: _Toc213151186]SUMMARY, CONCLUSION AND RECOMMENDATIONS
[bookmark: _Toc213151187]5.1 SUMMARY 
The pH and the heavy metals concentration of the soil, and water samples were analyzed. The pH of the soil samples ranged from slightly acidic. While the heavy metals concentration of water and soil of the samples in Kantin Daji  showed elevated Concentration in and around areas where ore processing activities are carried out compared to those areas that are not exposed to the mining activities, the heavy metals Concentration in the soil samples was found to be in this order Cd < Cu<Cr  < Fe < Pb while It follows this order Pb < Cu < Cd < Fe <Cr in the water samples. 
[bookmark: _Toc213151188] 5.2 CONCLUSION 
In this study, five heavy metals namely: cadmium, copper, Chromium, , lead, and  Iron  were found at varying concentrations in soil, water  within Kantin Daji area and environs. The mean concentrations of most Of the heavy metals in the soil samples were found to be within their natural Corresponding background values, while the pollution load index of the soil is high, But those of water and edible vegetables were not too high. The PLI reported in this Research can provide a valuable information and advice for policy and decision Makers to evaluate the pollution status of Kantin Daji in Particular and Sokoto State in General. Hence, subsequent investigation should be conducted intermittently to Monitor environmental pollution due to the on-going mining activities and evaluate The public health risks associated with metal pollution on miners and inhabitants of Such areas.



[bookmark: _Toc213151189]5.3 RECOMMENDATIONS 
From the findings of this study, the following recommendations became necessary :
i. The industries operating in this community should adopt more sustainable and Eco-innovative management options in order to attenuate potential ecological and human health risk of metal pollution.
ii. Remediation methods should be adopted by the Sokoto State Waste Management Board and other local authorities to safeguard the general health Of communities living close to areas of human anthropogenic activities.
iii. It is vital that the bioaccumulation values rather than the total contents of heavy Metals should be taken into consideration during risk assessment henceforth for Proper evaluation of human health risk of the contaminants.
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4.3  Sample Name: Surface Water 
Data 
Vol. changes /digestion 
Evaporation (vol. loss)
Dilution (Addition of acid/Reagents)
Dilution Factor 
D.F=
   =0.323
Conc. Factor
C.F=  =3.1
Interpretation of AAS Result 
Conc. Original  = Conc. Measured ×DF
	Metal
	Measured (ppm)
	CF (0.323)
	Original Conc. (ppm)

	Cr
	0.000
	×0.323
	0.000

	Fe
	0.105
	×0.323
	0.034

	Cu
	0.011
	×0.323
	0.004

	Cd
	0.002
	×0.323
	0.001

	Pb
	0.009
	×0.323
	0.003

	Ni
	0.002
	×0.323
	0.001



To find mean
Mean=  
=   =0.007

To find standard deviation 
S.D=
 = =0.00                 = = 0.00
= =0.002                  = = 0.00
=  =0.00
= =0.00

Table 4.3.1 Analyte Results
	Element
	Wavelength (nm)
	Solution Conc. (ppm)
	SD
	%RSD
	Intensity
	Calculated Conc. (ppm)

	Cr
	425.433
	0.000
	0.00
	18.90
	27.077
	0.000

	Fe
	371.993
	0.034
	0.02
	0.91
	196.261
	0.034

	Cu
	324.754
	0.004
	0.00
	2.85
	2725.323
	0.004

	Cd
	228.802
	0.001
	0.00
	48.81
	79.718
	0.001

	Pb
	405.781
	0.003
	0.00
	0.34
	5259.675
	0.003

	Ni
	352.454
	0.001
	0.00
	9.18
	83.892
	0.001



 Table 4.3.2     Replicates Concentration 
	Element
	Replicate 1
	Replicate 2
	Replicate 3
	Units

	Cr
	0.000
	0.000
	0.000
	ppm

	Fe
	0.022
	0.025
	0.029
	ppm

	Cu
	0.003
	0.003
	0.003
	ppm

	Cd
	0.000
	0.000
	0.000
	ppm

	Pb
	0.002
	0.002
	0.002
	ppm

	Ni
	0.000
	0.000
	0.000
	ppm


 
4.3 Sample Name: Soil Sample
Data
 Vol. changes /digestion 
Evaporation (vol. loss)
Dilution (Addition of acid/Reagents)
Dilution Factor 
D.F=
   =2
Conc. Factor
C.F=  =0.5

Interpretation of AAS Result 
Conc. Original  = Conc. Measured ×DF
Cr=0.000×2=0.000
Fe=0.289×2=0.578
Cu=0.244×2=0.488
Cd=0.005×2=0.01
Pb=0.014×2=0.028
Ni=0.005×2=0.01
To find mean
 =0.186
To find standard deviation 
SD= 
  = 0.00
  = 0.39
  = 0.30
  = 0.18
  = 0.15 
  = 0.18










Table 4.3.1  Analyte Results
 
	Element
	Conc. (ppm)
	SD
	%RSD
	Intensity
	Calculated

	Cr
	0.000
	0.00
	34.92
	11.828
	0.000

	Fe
	0.578
	0.39
	0.34
	5259.675
	0.578

	Cu
	0.488
	0.18
	0.44
	56609.110
	0.488

	Cd
	0.010
	0.18
	0.44
	56609.110
	0.010

	Pb
	0.028
	0.15
	34.92
	11.828
	0.028

	Ni
	0.010
	0.18
	2.62
	167.623
	0.010




Table 4.3.2   Replicate Concentration  
	Element
	Replicate 1
	Replicate 2
	Replicate 3
	Units

	Cr
	0.000
	0.000
	0.000
	ppm

	Fe
	0.487
	0.488
	0.491
	ppm

	Cu
	0.377
	0.377
	0.377
	ppm

	Cd
	0.000
	0.000
	0.000
	ppm

	Pb
	0.017
	0.017
	0.017
	ppm

	Ni
	0.000
	0.000
	0.000
	ppm











