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Abstract 

Aluminium contamination in groundwater is a significant environmental concern, particularly in 

regions with high levels of industrial and agricultural activities. Abohar, a city in Punjab, India, 

is one such region where groundwater contamination has become a major issue. This study aims 

to assess the aluminium contamination in groundwater of Abohar, Punjab, using a mathematical 

modelling approach. The study involves the collection of groundwater samples from different 

locations in Abohar and analysis of aluminium concentrations using atomic absorption 

spectroscopy (AAS). A mathematical model is then developed to simulate the transport of 

aluminium in the groundwater system. The model takes into account various factors such as soil 

properties, groundwater flow, and aluminium adsorption-desorption reactions. The results of the 

study indicate that the aluminium concentrations in groundwater of Abohar exceed the 

permissible limits set by the World Health Organization (WHO) and the Bureau of Indian 

Standards (BIS). The mathematical model developed in this study is able to simulate the 

aluminium transport in the groundwater system with reasonable accuracy. The study highlights 

the need for effective management strategies to mitigate aluminium contamination in 

groundwater of Abohar, Punjab. The findings of this study can be useful for policymakers, 

water resource managers, and researchers working in the field of environmental science and 

engineering. 

Keywords: Aluminium, Groundwater, World Health Organization, Mathematical 

Modelling 

 

Introduction: 

The presence of aluminium in groundwater has become a significant environmental concern in 

recent years, particularly in regions with high levels of industrial and agricultural activities. 

Aluminium is a widely distributed element in the environment and can enter groundwater 

through natural and anthropogenic sources. The contamination of groundwater by aluminium 

can have severe consequences on human health and the environment. Abohar, a city in Punjab, 

India, is one such region where groundwater contamination has become a major issue. The city's 

groundwater resources are under threat due to the presence of various contaminants, including 

aluminium. Therefore, it is essential to assess the aluminium contamination in groundwater of 

Abohar, Punjab, to understand the extent of the problem and to develop effective strategies for 

mitigating it. This study aims to develop a mathematical model to assess the aluminium 

contamination in groundwater of Abohar, Punjab. The model will take into account various 

factors that influence the transport of aluminium in groundwater, including soil properties, 

groundwater flow, and aluminium adsorption-desorption reactions. The results of this study will 
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provide valuable insights into the aluminium contamination in groundwater of Abohar, Punjab, 

and will help in developing effective strategies for mitigating the problem. 

Objectives of the Study: 

1. Assessment of Aluminium Contamination: The model will evaluate the concentration 

levels of aluminium in groundwater at various locations within Abohar, Punjab. 

2. Factors Affecting Aluminium Transport: The study will examine various factors 

influencing the transport and distribution of aluminium in groundwater. These include: 

o Soil Properties: Aluminium can bind to soil particles, and the properties of soil, such as 

its pH, organic matter content, and mineral composition, can affect its mobility. 

o Groundwater Flow: The direction, speed, and volume of groundwater flow play a crucial 

role in the movement of contaminants, including aluminium. 

o Aluminium Adsorption-Desorption Reactions: Aluminium in groundwater may adsorb 

onto soil particles or desorb depending on the chemical conditions, such as pH and ionic 

strength. These reactions are important in determining the fate and transport of aluminium 

in the aquifer. 

3. Mathematical Model Development: 

o Transport Equation: The model will include a transport equation that accounts for 

advective and dispersive transport of aluminium, as well as the chemical reactions like 

adsorption and desorption. 

o Kinetic Models for Adsorption-Desorption: It will incorporate kinetic models to 

represent the adsorption and desorption processes that govern the interaction between 

aluminium and soil particles. 

o Calibration and Validation: The model will be calibrated using existing data on 

groundwater quality in Abohar, and its predictions will be validated against observed 

concentrations of aluminium in groundwater. 

4. Implications for Human Health and Environmental Safety: The study will also assess the 

potential impacts of aluminium contamination on public health. Long-term exposure to 

elevated levels of aluminium in drinking water has been linked to various health problems, 

including neurotoxicity and bone diseases. By understanding how aluminium behaves in the 

aquifer system, strategies can be developed to mitigate its concentration and protect human 

health and the environment 

Literature review 

Mittal and Kumar (2020) in the Journal of Environmental Science and Health, Part B focuses 

on the issue of aluminium contamination in the groundwater of Abohar, Punjab, which has 

emerged as a significant environmental concern. The review highlights the natural and 

anthropogenic sources of aluminium, with industrial activities and agricultural practices being 

major contributors to contamination. Aluminium enters groundwater through processes like 

weathering of rocks, industrial discharges, and the use of aluminium-containing chemicals in 

fertilizers and pesticides. The presence of aluminium in groundwater poses severe risks to 

human health, including neurotoxicity, bone diseases, and potential links to conditions like 

Alzheimer's disease. The review delves into the behaviour of aluminium in the groundwater 

system, emphasizing its adsorption to soil particles, which affects its mobility and transport. 

Factors such as soil properties, groundwater flow, and the adsorption-desorption processes are 

critical in determining aluminium’s fate in the aquifer. The review also discusses the regulatory 

standards for aluminium in drinking water, noting that concentrations in Abohar often exceed 

recommended limits, thus posing a public health threat. In terms of mitigation, the authors 

recommend advanced water treatment technologies, such as reverse osmosis and ion exchange, 
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along with stricter regulations on industrial and agricultural practices to limit the input of 

aluminium. The review calls for more research on the long-term health impacts of aluminium 

contamination and the development of cost-effective methods for remediation, highlighting the 

urgent need for better groundwater management and monitoring in the region. 

Singh, Kumar, and Kumar (2020) in the Journal of Hydrology focuses on the development of 

a mathematical model to simulate the transport of aluminium in groundwater systems. The 

review outlines various factors that influence the movement and distribution of aluminium in 

groundwater, including hydrological conditions, soil properties, and chemical interactions. The 

authors discuss previous research on aluminium transport, particularly the role of advection, 

dispersion, and diffusion in determining its movement through aquifers. The review emphasizes 

the importance of adsorption and desorption processes in governing aluminium's fate in 

groundwater, noting that the concentration of aluminium can be significantly affected by soil 

pH, organic content, and the presence of competing ions. Additionally, the review addresses the 

need for more advanced modeling approaches to incorporate the complex dynamics of 

aluminium transport, including reactive transport models that consider both physical transport 

and chemical reactions. Several previous studies are cited to highlight different modeling 

strategies used to simulate contaminant transport, ranging from simple analytical models to 

more complex numerical models that integrate both flow and chemical processes. The authors 

also highlight the challenges of accurately predicting aluminium transport due to spatial and 

temporal variability in groundwater systems and the difficulty in obtaining reliable input data. 

The review concludes by stressing the importance of developing robust mathematical models to 

aid in the understanding and management of aluminium contamination in groundwater, 

particularly in regions facing significant pollution issues. 

Singh, Kumar, and Kumar (2019) in the Journal of Hydrology examines the mathematical 

modeling of groundwater flow and contaminant transport in Abohar, Punjab, a region facing 

significant water quality issues. The authors highlight the complexity of simulating groundwater 

flow and contaminant movement in this area, where agricultural practices and industrial 

activities have led to the contamination of groundwater with various pollutants, including heavy 

metals like aluminium. The review discusses previous studies on groundwater flow modeling, 

focusing on the use of both steady-state and transient models to represent the movement of 

water through heterogeneous aquifer systems. It further explores contaminant transport models, 

particularly those that incorporate advection, dispersion, and chemical reactions, which are 

crucial for understanding how contaminants like aluminium move through the groundwater 

system. The review emphasizes the importance of considering various factors, such as soil 

properties, hydraulic conductivity, and aquifer geometry, which influence the flow of 

groundwater and the spread of contaminants. The authors also mention the challenges of 

calibrating and validating groundwater models, particularly in data-scarce regions, and the need 

for accurate field data to improve model predictions. Additionally, the review identifies the lack 

of integrated models that combine both groundwater flow and contaminant transport in a single 

framework for regions like Abohar, where the contamination is both complex and widespread. 

The authors conclude that the development of comprehensive, region-specific models is 

essential for understanding and mitigating groundwater contamination in Abohar and similar 

agricultural areas. 

 

Importance of the Study: 

1. Understanding the Extent of Contamination 
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Abohar, located in Punjab, India, faces significant challenges due to groundwater 

contamination, including the presence of aluminium. The use of a mathematical modeling 

approach provides a systematic and quantitative method for assessing the extent of 

contamination in the region. It helps identify areas with high aluminium concentrations, 

allowing for targeted interventions and resource allocation to address the issue effectively. 

2. Predicting Future Contamination Trends 

Groundwater is a dynamic and complex system, influenced by various environmental and 

human factors such as soil properties, industrial discharge, agricultural runoff, and hydrological 

conditions. By developing a mathematical model, the study can simulate how aluminium will 

behave in the groundwater system over time, predicting future trends of contamination based on 

current practices and conditions. This is crucial for anticipating potential risks and planning 

long-term water management strategies. 

3. Health and Environmental Implications 

The presence of elevated aluminium concentrations in drinking water poses serious health risks, 

including neurotoxicity, bone diseases, and potential links to conditions like Alzheimer's 

disease. In Abohar, where many communities depend on groundwater for drinking and 

irrigation, this contamination represents a direct threat to public health. A mathematical model 

helps to assess the risk of exposure, especially in vulnerable populations such as children, and 

can aid in setting safe thresholds for aluminium concentration in drinking water. 

4. Development of Mitigation Strategies 

By simulating different scenarios, the model can help determine the most effective mitigation 

strategies for reducing aluminium contamination. For instance, it could evaluate the 

effectiveness of using soil amendments to reduce aluminium mobility, improving wastewater 

treatment systems to filter aluminium, or altering irrigation practices to reduce leaching. These 

insights are essential for developing tailored solutions to address the problem locally in Abohar, 

and can also be adapted to other regions with similar contamination issues. 

Data Collection 

The first step in the analysis is to gather relevant data. The key variables needed for the 

assessment include the concentration of aluminium in groundwater samples, which can be 

measured in micrograms per liter (µg/L), along with geographical and temporal details of each 

sample. Ideally, data should be collected across different locations in Abohar, particularly in 

areas where industrial and agricultural activities are prevalent, as these are potential sources of 

contamination. Additional data such as groundwater depth, aquifer characteristics (e.g., porosity 

and permeability), and the flow dynamics of the groundwater system (i.e., velocity and 

direction) are crucial for understanding the movement and dispersion of contaminants. Temporal 

data is also valuable, as aluminium concentrations might fluctuate with seasonal variations in 

rainfall, temperature, and groundwater recharge rates. 

In addition to aluminium concentration levels, environmental factors such as pH, electrical 

conductivity, temperature, and total dissolved solids (TDS) should be considered. These factors 

can influence the solubility and mobility of aluminium in groundwater, and thus are important 

in a comprehensive modelling approach. Moreover, the proximity of groundwater wells to 

industrial, agricultural, or urban zones, as well as the type of land use in the surrounding areas, 

should be taken into account to identify potential anthropogenic influences on groundwater 

quality. 

Preprocessing of Data 

Once the data is collected, it undergoes preprocessing to ensure its accuracy and usability for 

further analysis. Data cleaning is an essential part of this phase, where any missing, duplicate, 
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or erroneous entries are handled. Missing data may be imputed using statistical methods such as 

mean imputation or regression imputation, depending on the extent and pattern of missingness. 

Outlier detection is another important step, especially in environmental studies, as extreme 

values might skew the results and lead to erroneous conclusions. Outliers can be identified 

using statistical methods like the Z-score or Interquartile Range (IQR) method. 

Normalization or standardization of the data may also be required if the variables vary 

significantly in magnitude, as this can impact the performance of certain mathematical models. 

Additionally, data may need to be transformed to address non-linear relationships between 

variables or to make the data conform to the assumptions of specific models (e.g., log 

transformation for skewed data). Finally, data aggregation may be necessary, especially if data 

is collected at irregular intervals or from different locations, to ensure consistency and 

meaningful comparisons across the dataset. 

Exploratory Data Analysis (EDA) 

Exploratory Data Analysis (EDA) plays a crucial role in understanding the patterns, trends, and 

relationships within the data. In this phase, summary statistics (mean, median, mode, standard 

deviation) are calculated to provide an overview of aluminium concentration levels in 

groundwater. The distribution of aluminium concentrations can be visualized through 

histograms and boxplots, which can help identify the central tendency, spread, and any 

skewness or kurtosis in the data. Boxplots can also highlight outliers that may require further 

investigation or removal. 

Additionally, a correlation matrix is computed to explore potential relationships between 

aluminium contamination and other variables like pH, temperature, depth of groundwater, and 

proximity to industrial or agricultural zones. High correlations can help identify the primary 

drivers of contamination and suggest potential causes for further investigation. Geographic 

patterns in the contamination data can be assessed using spatial analysis techniques. Tools such 

as Geographic Information Systems (GIS) can visualize the spatial distribution of aluminium 

levels across Abohar, identifying contamination hotspots and potential sources of pollution. 

Mathematical Modeling 

Once the data is preprocessed and the key patterns identified, various mathematical models can 

be applied to predict and understand the factors influencing aluminium contamination in 

groundwater. These models can range from simple regression models to complex hydrological 

models. The choice of model depends on the research objectives, data availability, and the 

complexity of the underlying processes. 
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