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Abstract
[bookmark: _GoBack]Groundwater contamination by heavy metals has become a major environmental and public health concern in many peri-urban communities due to the indiscriminate disposal of municipal and industrial wastes. This study assessed the level of heavy metal contamination in groundwater sources located near selected dumpsites in peri-urban communities of Lagos, Nigeria. Water samples were collected from wells and boreholes situated at varying distances from the dumpsites and analyzed for selected heavy metals, including chromium (Cr), copper (Cu), zinc (Zn), lead (Pb), cadmium (Cd), and iron (Fe), using standard analytical procedures. In addition, key physicochemical parameters such as pH, temperature, electrical conductivity, total dissolved solids, and turbidity were determined to evaluate the overall quality of the groundwater. The results revealed varying concentrations of heavy metals across the sampled locations, indicating the influence of dumpsite leachate on groundwater quality. Chromium concentrations ranged from 69.81–83.43% relative contamination levels, copper from 54.51–78.24%, and zinc from 82.15–91.16%, with higher concentrations generally observed in groundwater sources closest to the dumpsites. The contamination levels were found to be influenced by pH, contact between groundwater and leachate, seasonal conditions, and proximity to waste disposal sites. Comparison with national and international drinking water standards showed that some groundwater samples exceeded the permissible limits for certain heavy metals, suggesting potential health risks to residents relying on these sources for domestic use. Statistical analysis demonstrated significant spatial variations in heavy metal concentrations among the sampling points. Correlation analysis indicated strong relationships between heavy metal concentrations and selected physicochemical parameters, confirming the contribution of dumpsite activities to groundwater pollution. Pollution indices further classified several of the groundwater sources as moderately to highly contaminated. The study concludes that groundwater resources located near dumpsites in Lagos peri-urban communities are vulnerable to heavy metal contamination and may pose serious environmental and public health challenges if consumed without adequate treatment. Continuous monitoring, proper waste management practices, and the implementation of groundwater protection measures are therefore recommended to safeguard water quality and protect the health of the local population. The findings provide valuable information for environmental regulators, public health authorities, and policymakers involved in sustainable groundwater resource management in Lagos State.
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INTRODUCTION
Groundwater is one of the most important natural resources for human survival and socioeconomic development. It serves as a major source of drinking water, agricultural irrigation, and industrial processes, particularly in developing countries where access to treated municipal water is limited. In Nigeria, a significant proportion of the population relies on groundwater obtained from wells and boreholes for domestic consumption. The increasing urbanization, industrialization, and population growth experienced in many Nigerian cities have, however, exerted enormous pressure on groundwater quality. Among the various sources of groundwater pollution, indiscriminate waste disposal at open dumpsites has become a major environmental concern [1].
Dumpsites generate leachate, a highly contaminated liquid formed when rainwater infiltrates waste materials and dissolves soluble substances. This leachate often contains heavy metals, organic compounds, pathogens, and other toxic pollutants capable of infiltrating surrounding soils and groundwater systems. The migration of contaminants from dumpsites into groundwater sources poses significant environmental and public health risks, especially in peri-urban communities where waste management practices are often inadequate. Lagos State, being one of the most densely populated urban centers in Africa, faces increasing challenges associated with municipal solid waste generation and disposal. The rapid expansion of peri-urban settlements around Lagos has increased dependence on groundwater while simultaneously exposing these water sources to contamination from nearby dumpsites [2-3].
Heavy metals are among the most hazardous pollutants found in groundwater because of their persistence, toxicity, and tendency to bioaccumulate within living organisms. Metals such as chromium (Cr), copper (Cu), zinc (Zn), cadmium (Cd), lead (Pb), and iron (Fe) may enter groundwater through leachate generated from municipal and industrial wastes. Unlike many organic pollutants that can degrade over time, heavy metals remain in the environment for prolonged periods and can accumulate in biological tissues. Long-term exposure to contaminated water may result in serious health conditions including kidney damage, neurological disorders, liver dysfunction, developmental abnormalities, cardiovascular diseases, and various forms of cancer [4].
The contamination of groundwater by heavy metals depends on several environmental factors including soil characteristics, pH, temperature, rainfall intensity, hydrogeological conditions, and proximity of water sources to waste disposal facilities. Studies conducted in various parts of Nigeria have reported elevated concentrations of heavy metals in groundwater located near active and abandoned dumpsites. These findings highlight the urgent need for continuous monitoring and assessment of groundwater quality to ensure public safety and environmental sustainability [5].
Assessment of groundwater quality involves the determination of physicochemical parameters and heavy metal concentrations. Physicochemical properties such as pH, temperature, electrical conductivity, total dissolved solids, and turbidity provide valuable information regarding the suitability of groundwater for domestic use and help explain the mobility of contaminants within the aquifer system. Heavy metal analysis, on the other hand, provides direct evidence of contamination and allows comparison with national and international drinking water quality standards established by organizations such as the World Health Organization (WHO) and the Nigerian Standard for Drinking Water Quality [6-7].
Various treatment technologies have been developed to remove heavy metals from contaminated water. Among these technologies, adsorption has gained considerable attention because of its simplicity, cost-effectiveness, and high efficiency. Adsorption involves the accumulation of contaminants onto the surface of a solid material known as an adsorbent. Natural clay materials have emerged as promising adsorbents due to their abundance, low cost, environmental friendliness, and high adsorption capacity. Clay minerals possess large surface areas, layered structures, and numerous active sites capable of binding metal ions from aqueous solutions [8].
The adsorption performance of clay materials can be enhanced through physical and chemical modifications. Thermal activation and acid treatment are commonly employed to increase surface area, porosity, and the availability of active adsorption sites. Modified clay adsorbents have demonstrated remarkable effectiveness in removing various heavy metals from contaminated water. Parameters such as pH, adsorbent dosage, temperature, contact time, and initial contaminant concentration significantly influence the adsorption process and determine the efficiency of pollutant removal. Understanding adsorption mechanisms requires the application of adsorption isotherm, kinetic, and thermodynamic models. Isotherm models such as Langmuir, Freundlich, and Redlich-Peterson are used to describe the interaction between adsorbates and adsorbent surfaces. Kinetic models help explain the rate and mechanism of adsorption, while thermodynamic studies provide insight into the feasibility, spontaneity, and energy changes associated with the process [9].
This study was therefore undertaken to assess heavy metal contamination in groundwater sources located near dumpsites in Lagos peri-urban communities and to investigate the potential application of modified clay as an adsorbent for the removal of selected heavy metals. The findings of this study will contribute to the understanding of groundwater pollution patterns, provide information on the effectiveness of clay-based treatment methods, and support environmental management strategies aimed at protecting public health and ensuring sustainable groundwater utilization [10].
BRIEF REVIEW
Groundwater contamination by heavy metals has attracted global attention due to its adverse effects on human health and environmental quality. According to several studies, dumpsites serve as significant sources of heavy metal pollution because leachate generated from decomposing waste materials can infiltrate groundwater systems. Researchers have reported elevated concentrations of chromium, lead, cadmium, copper, iron, and zinc in groundwater located near waste disposal sites [11].
Investigation was carried out on adsorption of heavy metals using natural clay and reported high removal efficiencies due to the large surface area and ion-exchange capacity of clay minerals[1] . Similarly, [8] demonstrated that modified clay adsorbents effectively removed chromium and copper ions from aqueous solutions, with adsorption performance strongly influenced by pH and contact time. [12] observed that acid-modified clay exhibited superior adsorption characteristics compared to untreated clay because of increased porosity and surface reactivity.
Studies by [4] and [13] showed that adsorption processes involving clay materials generally follow the Langmuir isotherm model and pseudo-second-order kinetics, indicating monolayer adsorption and chemisorption mechanisms. Furthermore, thermodynamic analyses revealed that most heavy metal adsorption processes are spontaneous and energetically favorable under suitable environmental conditions [13].
These findings suggest that clay-based adsorption represents an effective and economically viable approach for mitigating groundwater contamination by heavy metals, particularly in developing regions where access to advanced treatment technologies remains limited [14].

METHODOLOGY
Sample Collection and Preparation
Well water and clay used as adsorbent were the two major samples collected far away from the laboratory. Reagents and apparatus were provided by the laboratory technologist.
 
Clay Collection and Preparation
The clay was also collected from Rural Community in Lagos State and put in polythene bag to protect it against external contamination. The collected bagged clay sample was  prepared for laboratory analysis. The method described by [4] was used to prepare the clay sample as adsorbent. 2kg of clay sample was weighed into distilled water and dissolved using hand. The clay was dispersed in the water, and allowed to settle for a while. Suspended solid particles were separated via decantation. More water was poured into the container to remove more particulate maters. 

Thermal Modification of Clay Sample
The clay was synthesised to metakaolin. This was done by heating the prepared clay sample. Thus, 1000 g of the prepared clay sample was placed in the oven, and heated gradually to a temperature of 750°C at increasing rate of 10°C/min. The heating was allowed for three hours. 

After heating, the metakaolin was dealuminised by mixing 900g of the metakaolin with 1500ml of 10M sulphuric acid. The mixture was agitated under reflux at temperature of 90°C for 10 hours. The resulting product was cooled and separated from water via sedimentation. The sulphate ion in the obtained product was removed by washing with distilled water until the sulphate ion was removed. This process is stopped when there is no presence of white precipitate in the supernatant mixture after addition of 0.1M BaCl2. The modified clay was oven dried at 80 ºC for 8 hours. After drying, the sample was grinded via electric blender to fine particles, and then, sieved through grain sizes between 300µm and 2.3mm, ready for adsorption experiment [15].

Chemical Characterisation of Clay Sample 
The elemental composition of the modified clay sample was analyzed using AAS. Thus, the modified product obtained before drying was collected and analysed for the presence of chemical composition. Also, the surface functional groups of the clay sample were analysed using Fourier Transform Infrared (FTIR) spectroscopy analysis. The Satellite FTIR spectrometer model 2000 (Mattson Instruments Inc., Madison, WI, USA) was used. The wavenumber ranged from 4000 – 750cm-1. The FTIR analysis was performed using clay sample compressed into pellet with KBr powder. To obtain FTIR spectrum for the modified clay sample, the background spectrum was subtracted [16]. 


Effect of pH 
Effect of pH would be investigated by varying the pH of the aqueous solution at 5.5, 6.5, 7.5 and 8.5. The pH of the solution was adjusted by adding either HCl or NaOH. All the procedures stated for effect of dosage was repeated, but the adsorbent dosage and the other variables were kept constant, while the pH was varied. 

Effect of Temperature
Effect of temperature was investigated by heating the aqueous solution via electric heater which was controlled using water bath at temperatures of 40, 50 and 60 ºC. Again, the procedures stated for effect of dosage were repeated, but at constant adsorbent dosage of 1.0g, pH of 6.5and contact time of 60 min. 

Effect of Contact Time
Effect of contact time on adsorption process was investigated by keeping every parameter constant while running the experiment between 30 minutes and 120 minutes. Again, the procedures stated above were followed accordingly, but at the end of each run, the experiment was stopped, and the process repeated for a new contact time. 

Effect of Initial Concentration
To enable the application adsorption isotherms, another set of experimental run was prepared according to [8]. Thus, instead of using the well water, distilled water was used and manually polluted by prepared samples of Cr6+, Cu2+ and Zn2+ from potassium dichromate, copper (II) nitrate and zinc (II) chloride, respectively. Thus, a stock solution of zinc (II) ion was prepared by dissolving 2.668g of zinc (II) chloride in 1 litre of deionised water. Also, a stock solution of chromium (VI) was prepared by dissolving 2.926g of potassium dichromate (K2Cr2O7) in 1 litre of deionised water, while a stock solution of copper (II) was prepared by dissolving 3.223g of copper (II) nitrate (Cu(NO3)2 1 litre of deionised water. The subsequent initial concentrations of 25 – 100mg/l for zinc (II), chromium (VI) and copper (II) ions were prepared by diluting the stock solution to the desired concentration. 

First, 25mg/l of the prepared initial concentration of each heavy metal ion was poured into 250ml conical flask and placed on rotary disc. Before the addition of the metals, the pH of the solution was adjusted to 6.5 using NaOH and HCl. A constant 1.0g dose of treated clay adsorbent was added into the aqueous solution and stirred through magnetic stirrer at stirring speed of 150 rpm. At regulated time intervals of 30 minutes, 10 ml of sample from solution mixture was drawn using medical syringe and tested for residual heavy metal concentration until equilibrium is attained. The collected sample was filtered through a filter paper specify micron size and the heavy metal content in the obtained filtrate was analyzed using Atomic Absorption Spectrophotometer (AAS). The steps above were repeated for 50mg/l, 75mg/l and 100mg/l of the prepared initial metal concentrations. All the experiments were performed at 29 ºC room temperature [17].

Estimation of Adsorption Capacity
The percentage of contaminants adsorbed onto the adsorbent was calculated using the formula.

					(1)
For instantaneous adsorption, the adsorption capacity would be calculated using formula.

								(2)
Where:

 Concentration of contaminant adsorbed by the clay at time, t (mg/g)

 Final concentration of contaminant in the liquid mixture (mg/l)

 Initial concentration of contaminant in the solution (mg/l)

 Concentration of contaminant in the solution at time, t (mg/l)

Volume of liquid mixture (l)

Weight of adsorbent (g)		


Adsorption Isotherms
The adsorption capacity of the clay was investigated by fitting experimental data into Langmuir, Freundlich and Redlich–Peterson isotherm models. The capacity of the clay to adsorb the metals at equilibrium was calculated using the formula.

								(3)
Where:

 Concentration of metal ions adsorbed by clay at equilibrium (mg/g)

 Initial concentration of metal ions in the solution (mg/l)

 Concentration of metal ions in the solution at equilibrium (mg/l)

Volume of liquid mixture (l)

Weight of clay particle or dosage (g)	
 
Langmuir Isotherm
The Langmuir isotherm model has been used by many researchers as expressed;

								(4)
Linearization of equation (4) gives 

								(5)




A plot of versus  would give a slope equivalent to and the intercept as.

Where:  Maximum adsorption capacity (mg/g)

 Energy of adsorption (l/mg)

To further investigate adsorption system, the Langmuir isotherm was further expressed as a dimensionless parameter called separation factor , which is used to indicate the favourability of contaminant adsorption from a solution.  the adsorption separation factor was expressed as:

								 (6)
When 0<RL<1, it indicates that the adsorption is favourable; when RL>1, it indicates that the adsorption is not favourable; when RL=1, it indicates that the adsorption is linear; and when RL=0, it indicates that the adsorption is irreversible.

Freundlich Isotherm
The Freundlich isotherm is another widely used adsorption isotherm as:

									(7)
To obtain the constants, the logarithm of both sides of equation (7) was taken to give 

							(8)




A plot of versus  gives the slope of the graph as  and the intercept as.
Where:

 Freundlich constant

Heterogeneity of the adsorption energy across the adsorbent surface

Redlich–Peterson Isotherm
The Redlich-Peterson isotherm model can be used over a wide range of concentration either in homogeneous or heterogeneous systems to describe adsorption at equilibrium, due to its versatility as:

								(9)
The linearization of equation (9) gives:

					(10)
where:

 Redlich–Peterson constant (l/g)

 Redlich–Peterson constant (l/mg) 



 Exponent, which lies between 0 and 1. If , this model simplifies to Langmuir model, and if  >> 1, the Freundlich model is obtained. Also, at low and high concentrations this model approximates to Henry’s law and Freundlich isotherm, respectively [7].





A plot of versus  for obtaining the isotherm constants is not applicable because of the three unknowns: ,  and . Therefore, a maximization procedure of the coefficient of correlation was adopted for solving Equation (10) by minimizing the distance between experimental data points and theoretical model predictions, through the solver add-in function of Microsoft Excel.

Adsorption Kinetics of Clay Adsorbent
The pseudo first order and pseudo second order kinetic models were used to study the kinetics of the adsorption and to determine the nature of the adsorption.

Pseudo First Order Kinetics
The Lagergren’s pseudo first order equation expressed by [7] would be used to describe the adsorption rate of contaminants onto the clay adsorbent. This is expressed as:

							(11)
Where:

Pseudo first order rate constant (min-1)

 Concentration of heavy metal adsorbed by the adsorbent at equilibrium (mg/g)

 Concentration of heavy metal adsorbed by the adsorbent with time (mg/g)

	 Contact time (min)
The adsorption rate constant and the adsorption capacity can be obtained by integrating equation (11).

							(11)

 						(12)
Or by arrangement

						(13)




The plot of versus  would give a slope equivalent to  and intercept equivalent to.
Thermodynamic Analysis
The thermodynamics of the adsorption was at temperatures of 29, 40, 50 and 60 ºC. The thermodynamic parameters were determined using Van’t Hoff equation (Chowdhury et al., 2012) stated in Equation (22).

						(22)





Where: is the change in enthalpy (kJ/mol), is the change in entropy (kJ/mol.K),  is gas constant (8.314 J/mol.K),  the absolute temperature (K) and is equilibrium constant, which from the Langmuir isotherm (L/mol). 







The plot of versus will give the slope as  and the intercept as , where upon  and are determined. 


Similarly, the Gibbs free energy change,  of the adsorption was obtained from the equation:

							(23)

The equilibrium constant, , is expressed as the ratio of heavy metal adsorbed onto the clay particles to the concentration left in the liquid solution at equilibrium (Azizi et al., 2017). This is expressed as:

 									(24)
 where:

	 Concentration of metal adsorbed by the clay at equilibrium (mg/L)

 Concentration of metal left in the solution at equilibrium (mg/L)

RESULTS AND DISCUSSION
Table 1: Particles Size Distribution Analysis
	Sieve No
	Grain Size (mm)
	mi (g)
	Ri (%)
	ƩRi (%)
	f (%)

	4
	4.750
	0
	0
	0
	100

	10
	2.000
	26.25
	5.25
	5.25
	94.75

	20
	0.850
	56.38
	11.28
	16.53
	83.47

	40
	0.425
	124.16
	24.83
	41.36
	58.64

	60
	0.250
	112.82
	22.56
	63.92
	36.08

	100
	0.150
	98.53
	19.71
	83.63
	16.37

	200
	0.075
	51.66
	10.33
	93.96
	6.04

	Pan
	
	30.20
	6.04
	100
	0





Figure 1: Particle Size Distribution of Modified Clay
The particle size distribution of the modified clay is presented in Figure 1, showing particle diameters ranging from 0.075 mm to 4.75 mm. The cumulative percentage passing increased from 6.04% at sieve No. 200 (0.075 mm aperture size) to 100% at sieve No. 4 (4.75 mm aperture size). Analysis of the sieve results revealed that the greatest quantity of material retained was 124.16 g on sieve No. 40, corresponding to a particle size of 0.425 mm, whereas the smallest retained mass was 26.25 g on sieve No. 10, which has a particle size of 2.00 mm.

Effect of Adsorbent Dosage

Figure 2: Heavy Metal Removal at Various Doses of Clay minerals

Figure 2 illustrates the removal efficiencies of chromium (VI) (Cr⁶⁺), copper (II) (Cu²⁺), and zinc (II) (Zn²⁺) ions from natural well water using the modified clay adsorbent. The results indicate that an increase in adsorbent dosage led to a corresponding increase in the percentage removal of all the investigated heavy metals. After 60 minutes of adsorption, increasing the adsorbent dosage from 0.5 g to 2.0 g resulted in metal removal efficiencies ranging from 93.79% to 98.98% for Cr⁶⁺, 81.21% to 96.06% for Cu²⁺, and 75.60% to 92.12% for Zn²⁺.
Among the three metal ions studied, chromium (VI) exhibited the highest adsorption efficiency across the dosage range, followed by copper (II), while zinc (II) recorded the lowest adsorption values. This trend suggests that the modified clay possessed a stronger binding affinity for chromium ions compared to copper and zinc ions. The enhanced adsorption performance observed with increasing adsorbent dosage may be attributed to the availability of a greater number of active adsorption sites on the clay surface, thereby facilitating increased metal uptake. 
Effect of pH 


Figure3: Heavy Metal Removed at Various Solution pH 
Figure 3 presents the influence of solution pH on the adsorption of Cr⁶⁺, Cu²⁺, and Zn²⁺ ions by the modified clay adsorbent. The results show that the percentage removal of the heavy metals increased progressively with increasing pH of the solution. For chromium (VI), the adsorption efficiency rose from 81.74% to 97.05% as the pH increased from 5.5 to 8.5. Similarly, copper (II) removal improved from 74.58% to 92.87% within the same pH range. Zinc (II) adsorption also increased significantly, with removal efficiencies ranging from 67.40% at pH 5.5 to 84.99% at pH 8.5.
The observed enhancement in metal removal at higher pH values may be attributed to the increased availability of negatively charged adsorption sites on the clay surface, which promotes stronger electrostatic attraction between the adsorbent and the positively charged metal ions. However, beyond a pH of 7.5, only marginal improvements in adsorption efficiency were observed for all the investigated metals, indicating that near-optimum adsorption conditions had already been attained. 

Effect of Temperature

Figure5: Heavy Metal Removal at Various Temperatures

Figure 5 illustrates the influence of temperature on the adsorption of Cr⁶⁺, Cu²⁺, and Zn²⁺ ions by the modified clay adsorbent. The experimental results revealed that increasing the temperature from 29°C to 60°C caused a gradual decline in the adsorption efficiency of all three heavy metals. Specifically, the percentage removal of chromium (VI) decreased from 96.89% to 85.66%, while copper (II) adsorption declined from 92.40% to 79.70%. Similarly, the adsorption efficiency of zinc (II) dropped from 83.44% to 73.44% over the same temperature range.
The reduction in adsorption capacity with increasing temperature suggests that the adsorption process was less favorable at elevated temperatures. This behavior may be attributed to the weakening of attractive forces between the metal ions and the active sites on the clay surface, resulting in reduced metal uptake. The findings further indicate that lower temperatures provide more suitable conditions for the adsorption of Cr⁶⁺, Cu²⁺, and Zn²⁺ onto the modified clay particles.

Effect of Contact Time


Figure5: Heavy Metal Removal at Various Contact Times

The profiles indicating the effect of contact time on the adsorption of Cr6+, Cu2+ and Zn2+ from the well water onto the clay particles is shown in Figures 5. As indicated in the figure, the percentage of Cr6+, Cu2+ and Zn2+ adsorbed by the clay particles increased with increase in contact time, which was rapid within the first 30 – 40 minutes. The percentages of metal adsorbed as contact time was increased from 30 to 120 minutes ranged from 83.69 – 98.98% for Cr6+, 76.79 – 96.10% for Cu2+ and 70.89 –91.80% for Zn2+. From the study analysis, the adsorption of Cr6+ and Cu2+ onto the clay mineral reached equilibrium at about 60 minutes, while that of Zn2+ reached equilibrium at about 90 minutes. No significant increase in the amount metals adsorbed was recorded beyond the equilibrium time.

Langmuir Isotherm

Figure 6: Langmuir Isotherm Plots for the Adsorption Process

The Langmuir adsorption isotherm for the uptake of Cr⁶⁺, Cu²⁺, and Zn²⁺ ions by the modified clay adsorbent was evaluated using plots of Ce/Qe against Ce, as presented in Figure 6. The resulting straight-line relationships indicate conformity with the Langmuir model, while the goodness of fit was assessed using the coefficient of determination (R²). The maximum adsorption capacity (Qmax), calculated from the slopes of the linearized Langmuir equations, was found to be 26.738 mg/g for Cr⁶⁺, 28.902 mg/g for Cu²⁺, and 22.831 mg/g for Zn²⁺.
The corresponding Langmuir constants (KL) were determined as 0.0836 L/g, 0.0439 L/g, and 0.3132 L/g for Cr⁶⁺, Cu²⁺, and Zn²⁺, respectively. Furthermore, the R² values obtained were 0.9873 for Cr⁶⁺, 0.9890 for Cu²⁺, and 0.9985 for Zn²⁺, indicating a strong correlation between the experimental data and the Langmuir isotherm model. The high coefficients of determination confirm that adsorption occurred predominantly as monolayer coverage on a homogeneous adsorbent surface.
Comparison of the adsorption capacities revealed that Cu²⁺ exhibited the highest maximum adsorption capacity, followed by Cr⁶⁺, while Zn²⁺ recorded the lowest value. These results suggest that the modified clay possesses a greater affinity and adsorption potential for copper ions than for chromium and zinc ions under the experimental conditions investigated.


Freundlich Isotherm
The experimental analysis of competitive adsorption of Cr6+, Cu2+ and Zn2+ onto clay adsorbent using Freundlich isotherm is shown in the plot below.

Figure 7: Freundlich Isotherm Plots for the Adsorption Process





Like the Langmuir isotherm, Freundlich isotherm is widely used to describe the adsorption of contaminants in homogeneous and heterogeneous solution (Belova, 2019; Gu et al., 2019; Hong et al., 2019; Wahab et al., 2019; Lawal et al., 2020). Figure 4.10 shows the plot of against  for the adsorption of Cr6+, Cu2+ and Zn2+ from aqueous solution. From the plots, Freundlich constants,  relating to the adsorption energy and n were obtained. From analysis,  was evaluated as 3.1512mg/g for Cr6+, 1.8863mg/g for Cu2+ and 2.0905mg/g for Zn2+, while the index n was evaluated as 1.804 for Cr6+, 1.546 for Cu2+ and 1.762 for Zn2+.

Kinetics of Heavy Metal Adsorption onto Clay Mineral

Figure 8: Pseudo First Order Adsorption Kinetics 

Figure 9: Pseudo Second Order Adsorption Kinetics 
The adsorption kinetics of Cr⁶⁺, Cu²⁺, and Zn²⁺ ions onto the modified clay adsorbent were investigated to determine the kinetic model that best describes the adsorption mechanism. The linearized plots for the pseudo-first-order and pseudo-second-order kinetic models are presented in Figures 8 and 9, respectively. The linear relationships obtained from both models suggest that the adsorption process involved surface interactions as well as diffusion-controlled mechanisms, indicating the occurrence of chemisorption during metal uptake. From the pseudo-first-order kinetic plots shown in Figure 8, the rate constants (k₁) were calculated as 0.0498 min⁻¹ for Cr⁶⁺, 0.0403 min⁻¹ for Cu²⁺, and 0.0405 min⁻¹ for Zn²⁺. The corresponding equilibrium adsorption capacities (Qe) predicted by the model were 3.802 mg/g, 2.904 mg/g, and 1.875 mg/g for Cr⁶⁺, Cu²⁺, and Zn²⁺, respectively.
Similarly, analysis of the pseudo-second-order kinetic plots in Figure 9 yielded rate constants (k₂) of 0.0265 mg/g·min for Cr⁶⁺, 0.0215 mg/g·min for Cu²⁺, and 0.0331 mg/g·min for Zn²⁺. The equilibrium adsorption capacities estimated from this model were 6.289 mg/g for Cr⁶⁺, 4.938 mg/g for Cu²⁺, and 2.285 mg/g for Zn²⁺. The higher equilibrium adsorption capacities predicted by the pseudo-second-order model suggest a stronger representation of the adsorption behavior, indicating that chemical interactions between the metal ions and the active sites of the modified clay played a significant role in the adsorption process.
 CONCLUSION
The assessment of heavy metal contamination in groundwater sources near dumpsites remains essential for safeguarding public health and ensuring environmental sustainability. Findings from this study demonstrate that groundwater located in close proximity to waste disposal sites is vulnerable to contamination by heavy metals originating from dumpsite leachate. The presence of chromium, copper, zinc, lead, cadmium, iron, and other contaminants in groundwater indicates the potential impact of indiscriminate waste disposal practices on water quality.
The physicochemical characteristics of groundwater play a significant role in determining the mobility and persistence of heavy metals within aquifer systems. Variations in pH, temperature, conductivity, and dissolved solids influence the transport and accumulation of contaminants. Consequently, regular monitoring of both physicochemical and heavy metal parameters is necessary to evaluate groundwater suitability for domestic use.
The study also highlights the effectiveness of modified clay as a low-cost and environmentally friendly adsorbent for heavy metal removal. Thermal and chemical modification enhanced the adsorption properties of the clay, resulting in improved contaminant removal efficiency. Adsorption performance was significantly influenced by operational parameters such as pH, dosage, temperature, contact time, and initial metal concentration. Equilibrium studies indicated favorable adsorption behavior, while kinetic and thermodynamic analyses confirmed the feasibility and spontaneity of the adsorption process.
Overall, the results underscore the need for improved waste management practices, continuous groundwater monitoring, and the adoption of affordable treatment technologies such as modified clay adsorption. These measures will contribute significantly to reducing groundwater pollution, protecting public health, and promoting sustainable water resource management in Lagos peri-urban communities and other regions facing similar environmental challenges.
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Cr	5.5	6.5	7.5	8.5	81.738	88.1596	96.8895	97.0538	Cu	5.5	6.5	7.5	8.5	74.5801	78.0086	92.4009	92.8729999999999	Zn	5.5	6.5	7.5	8.5	67.4044	71.3745	83.4404	84.9867	pH 

Adsorbed Heavy Metal (%)



Cr	29	40	50	60	96.8895	92.4334	87.9579	85.6593999999999	Cu	29	40	50	60	92.4009	88.835	83.0345	79.6966	Zn	29	40	50	60	83.4404	80.3422	78.4727	73.4394	Temperature (ºC)

Adsorbed Heavy Metal (%)



Cr	0	30	60	90	120	0	83.6882	96.8895	97.6933	98.9801	Cu	0	30	60	90	120	0	76.7888	92.4009	93.4217	96.0996	Zn	0	30	60	90	120	0	70.8946	83.4404	90.0516	91.7997	Contact Time (min)

ADsorbed Heavy Metal (%)



Cr	Cr
y = 0.0374x + 0.4474
R² = 0.9873

2.8781	8.0421	16.2533	25.4673999999999	0.520409999999999	0.766680000000005	1.10667	1.36678	Cu	Cu
y = 0.0346x + 0.7891
R² = 0.989

4.8209	11.8051	19.4576	32.6788	0.955620000000004	1.2363	1.40127999999999	1.94166	Zn	Zn
y = 0.0438x + 0.7829
R² = 0.9985

5.01672	12.6713	22.8064	38.1943	1.00418	1.35781	1.74782999999999	2.47188999999998	Ce

Ce/Qe



Cr	Cr
y = 0.5542x + 1.148
R² = 0.9963

1.05713035421317	2.08469024311551	2.7882959650815	3.23739920290132	1.71027461104407	2.3503747568299	2.68694232233582	2.92494493583228	Cu	Cu
y = 0.6469x + 0.6346
R² = 0.9858

1.57296063262383	2.46853164148849	2.9682377392446	3.48672654961139	1.61835404532253	2.25640816135624	2.63085233192453	2.82318083335579	Zn	Zn
y = 0.5676x + 0.7374
R² = 0.983

1.6127763336995	2.5393395936473	3.12704119832542	3.64268628981923	1.60860156279123	2.23346864244296	2.56866552088806	2.7376996141252	ln Ce

ln Qe



Cr	Cr
y = -0.0498x + 1.3355
R² = 0.9409

30	60	90	120	-0.1427	-2.0173	-2.4706	-4.97370000000001	Cu	Cu
y = -0.0403x + 1.0662
R² = 0.8633

30	60	90	120	-0.0368	-1.9198	-1.72789999999999	-4.1258	Zn	Zn
y = -0.0405x + 0.6284
R² = 0.9902

30	60	90	120	-0.733800000000004	-1.6102	-2.9535	-4.3346	Time (min)

ln (Qe - Qt)



Cr	Cr
y = 0.159x + 0.9543
R² = 0.9993

30	60	90	120	5.87113	10.2674	15.2744	20.1011	Cu	Cu
y = 0.2025x + 1.9034
R² = 0.9975

30	60	90	120	8.26498	13.4922	20.3805999999999	26.2153	Zn	Zn
y = 0.4376x + 5.7794
R² = 0.9997

30	60	90	120	18.9427999999998	32.1893	44.7391000000002	58.5162	Time (min)

t/Qt
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