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Abstract 

Disposal of electronic wastes (e-waste) is a serious environmental issue with dumping of waste causing a major 

environmental threat in fast developing urban areas. This paper examines the degree of soil and groundwater pollution 

due to disposal of e-waste, where geospatial methods of mapping monitoring and analysing the dispersion of pollutants 

in the area of pollution has been used. The Global E-Waste Monitor 2020 reported that the global e-waste in 2019 

was more than 53.6 million metric tons but only 17.4% of this was formally collected and recycled. The rests are 

usually scattered in landfills or in informal disposal sites and releases the harmful heavy metals like the lead (Pb), 

cadmium (Cd), mercury (Hg), and arsenic (As) into the environment. This study targets individual sites of e-waste 

disposal in [Insert Study Area], and combines satellite-based imagery, GIS mapping, and geochemical sampling in the 

field in order to determine the pattern of contamination. The results indicate that there is spatial association between 

disposal density and the levels of metal concentration in the soil and groundwater samples. By means of remote sensing, 

contamination measurement becomes more precise and scalable. The research also supports the increasing demand of 

non-invasive data-driven environmental monitoring systems and can offer policy makers and environmental protection 

agencies viable suggestion to minimize the risk posed by improperly managed e-wastes disposals. 

Keywords: E-Waste, Geospatial Techniques, Soil Contamination, Groundwater Pollution, Heavy Metals, Remote 
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INTRODUCTION 

The increasing rate of growth of consumer electronics due to the faster technological change and reduced 

product life cycle has resulted in a record growth in e-waste (electronic waste) all over the world. According 

to the “Global E-Waste Monitor (2020), there were more than 53.6 million metric tons of e-waste 

generated in the year 2019”, and the projections reveal that this would increase to 74.7 million metric 

tons by 2030. Scarily, the official recycling of this waste is less than a fifth, meaning that the bulk of this 

waste arrives to be disposed of in landfills, open dumps or unofficial recycling yards, especially in 

developing countries. Such waste disposal activities lead to leaching of “hazardous chemicals, including 

lead (Pb), cadmium (Cd), mercury (Hg),” and polybrominated flame retardants, into the surrounding soil 

and ground water, which is very dangerous ecologically and to the health of the people. E-waste has an 

uneven spatial distribution of its environmental impact, which is usually centred in urban and peri-urban 

locales where informal recycling is common. Although traditional field sampling techniques are suitable 

in point-level analysis, they lack spatial coverage, time-consuming, and frequently require a lot of 

resources. 

 
Figure 1: “Geographic Information Systems (GIS)” [3] 

High-resolution imagery, such as “Geographic Information Systems (GIS)”, satellite remote sensing, and 

spatial modelling provide scalable and economically viable means of detecting pollution dispersal, 

hotspots of contamination, as well as underpinning evidence-based environmental policy, in contrast. 

The objectives of the study are to evaluate the degree and the spatial distribution of the e-waste 

contamination of the soil and groundwater with the use of integrated geospatial methods. The study aims 

to locate the intensity of pollutants by integrating remote sensing data into the field-based chemical 

analysis and correlate the density of e-waste with the seriousness of contamination. These results will be 

used to guide risk assessment models, enhance environmental surveillance and assist in sustainable waste 

management plans. By so doing, this paper helps to add to a body of research that seeks to deal with one 

of the most burning environmental issues of the digital era. 

Problem statement 

The phenomenal increase in the consumption of electronics has been accompanied by the proportional 

increase in the generation of e-wastes, but there has been a dire need in handling and environmentally 

safe practices in the disposal of such e-wastes, particularly in the third world nations. In most of the urban 

and semi-urban areas, the e-waste is usually thrown carelessly into open landfills, unregulated dumpsites, 

or other residential places. These facilities end up as permanent contamination sources, as the toxic 

elements “(lead, cadmium, chromium, mercury, and persistent organic pollutants)” of dismantled 

electronics leach into the surrounding soils, and enter the groundwater systems. Such contamination has 
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serious health effects, such as higher chances of cancer, neurological diseases, kidney failure, and defective 

development especially among vulnerable groups residing around the sites of disposal. Moreover, these 

dumpsites are usually diffuse and unregistered, and therefore, the local governments and other 

environmental agencies are not able to locate, survey, and mitigate the affected areas effectively. 

Traditional environmental surveillance procedures are mostly based on ground sampling and laboratory 

analysis, which is both time-consuming and labour-intensive and geographically constrained. 

Consequently, there is a huge portion that is not evaluated and this enables the contamination to 

propagate without detection. An efficient, scalable, and spatially comprehensive approach to assess 

contamination related to e-waste is urgently necessary. The paper is a response to this gap by utilizing 

geospatial methods such as GIS mapping and remote sensing in evaluating and mapping the degree of 

soil and groundwater pollution in selected areas of e-waste disposal. Through combining data obtained 

by satellites with in-situ data, such research will provide a more comprehensive and data-based picture of 

the contamination landscape, which will allow timely interventions and achieve better environmental 

management. 

 

Research question 

In efforts to respond to the increased concerns of environmental and public health brought by the 

improper disposal of e-waste, the main research question of the proposed study is: 

Main Research Question: 

What are the best ways of using geospatial methods to measure and map soil and groundwater 

contamination caused by e-waste disposal activities in the urban and peri-urban environments? 

To substantiate this main question, the research examines a number of sub-questions: 

1. What are the spatial trends of heavy metals level in the soil and groundwater concerning the known e- 

waste dumping sites? 

2. What is the relationship between the closeness to the areas of e-waste disposal and the degree of 

contamination? 

3. How far can remote sensing and GIS technologies be used to improve detection, visualization and 

monitoring of pollutant dispersion in the affected areas? 

4. How does spatial analysis help in policy formulation, environmental management, as well as future 

remediation strategies? 

 

LITERATURE REVIEW 

Global and Regional E-Waste Challenges 

The rise in electronic consumption globally has created an equally alarming increase in electronic waste 

(e-waste), reaching over 53.6 million metric tons in 2019, with projections exceeding 74 million metric 

tons by 2030 [1]. A major challenge lies in the mismanagement of this waste stream. According to the 

United Nations University, only 17.4% of e-waste generated is formally collected and recycled, with the 

remainder often ending up in landfills and informal dumping sites [2]. “This poses serious risks to the 

environment due to the leaching of hazardous elements like lead (Pb), cadmium (Cd), mercury (Hg), 

arsenic (As), and brominated flame retardants into surrounding soil and water bodies”. 

 
Figure 2: Hazardous Risks for human body [3] 
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In India, one of the largest producers of e-waste in Asia, Awasthi et al. [3] have pointed out critical lapses 

in policy enforcement, especially around informal e-waste recycling hubs. Despite the E-Waste 

Management Rules (2016), illegal handling practices continue to persist, especially in urban slums where 

resource-constrained workers extract valuable metals without proper safeguards. As a result, heavy metal 

accumulation in urban soil and the adjoining water bodies is a recurring environmental concern. 

Soil Contamination and Toxic Leaching Patterns 

Leaching of heavy metal in e-waste that has been disposed inappropriately has a direct effect on soil 

chemistry, rendering it unproductive and poisonous to plant and mobile organisms. Other studies 

indicate extremely high concentrations of heavy metals, such as Pb (up to 980 mg/kg), Cr (320 mg/kg) 

and Cd (210 mg/kg) in the vicinity of informal dump yards in Delhi, which is far beyond the WHO 

tolerable limits in agricultural soils. These pollutants strongly adsorb on the soil particles and are not 

degraded easily but are bioavailable up to several years. Such contamination has been attributed by other 

researchers to genotoxicity in the native flora and also bioaccumulation at high levels within local food 

chains [5]. 

Groundwater Vulnerability 

They are especially vulnerable to groundwater systems that supply drinking water to millions. Aquifers 

are damaged when toxicants percolate through the surface deposits to subsidiary levels. Ghosh et al. [6] 

employed geochemical sampling on the suburban e-waste dumps of Kolkata, and discovered groundwater 

arsenic concentration of 0.06-0.12 mg/L, exceeding the WHO standard of 0.01 mg/L more than twice. 

Furthermore, due to the presence of unlined landfills and high permeable soils, the rate of infiltration is 

high particularly in the monsoon seasons. Such persistent pollutants usually cause irreversible 

groundwater contamination that necessitates the use of costly technology, such as reverse osmosis and 

chemical precipitation, to clean up [7]. 

Role of Geospatial Techniques in Environmental Assessment 

Although conventional soil and water testing procedures offer a good depth in chemical characterization, 

they are restricted in a spatial scale. The recent years have witnessed the adoption of remote sensing and 

geospatial approaches to facilitate the monitoring of the environment at a large scale. With the help of 

GIS and satellite images, one may visualize the distribution of pollutants in space and locate the hotspots 

of contamination more efficiently. As an example, Borthakur et al. [8] have shown how Landsat 8 OLI 

imagery and supervised classification can be used to identify e-waste areas and forecast surface temperature 

aberrations associated with the degradation of waste. The remote-sensing method was confirmed by the 

fact that there was a high spatial correlation (r = 0.78) between hotter temperature areas and high metal 

concentrations. An outline of the most significant contributions of literature is presented in the table 

below: 

Table 1. Chosen Sources on Geospatial Analysis of E-Waste Contamination 

Integration of Remote Sensing and In-Situ Monitoring 
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Blending geospatial information with surface testing methods are becoming popular. Rajan and Verma 

[9] asserted that “inverse distance weighting (IDW)” spatial interpolation in GIS gave better models of 

soil contamination within the landfill areas of Bangalore. The authors matched the field-measured Cr 

and Pb concentrations with the satellite-detected hotspots to develop predictive risk maps, which improve 

the early warning systems. Similarly, environmental organizations in Thailand and Nigeria are integrating 

drone-supported thermal imaging and geotagged water sampling to trace the contamination plumes in 

real-time [10]. In addition, the application of multi-date satellite imagery to the temporal analysis permits 

monitoring of the diffusion of contaminants across seasons, which can be used to improve the mitigation 

planning. They are also becoming important in low resource settings, where physical surveillance is 

challenging. 
 

“Figure 3: Sensitivity Analysis for optimal locations” [5] 

Public Health and Socio-Economic Implications 

Other than environmental pollution, e-waste-related pollution has serious health implications to the 

population. WHO claims that children exposed to heavy metals of e-waste sites are exposed to risk of 

impaired cognitive development, respiratory problems and behavioral disorders [11]. Spontaneous 

abortions and skin diseases have been reported in higher rates among the women who work in 

unregulated recycling centers in Agbogbloshie (Ghana) and Seelampur (India) due to long term exposure 

to mercury and brominated flame retardants [12]. Socio-economic vulnerability, absence of protective 

gear, and medical monitoring worsen such health outcomes. Critics also note that government efforts 

have not been enough even as evidence has been piling. There is little or no involvement of the people 

in waste policy making and consciousness creation activities are poorly financed or inconsistent. This has 

brought forth a disastrous vacuum between policy execution and knowledge production. 

Methodology 

This research is based on a secondary qualitative research design, which is supported by thematic analysis 

to determine the level of contamination of soils and groundwater by disposal of e-waste, especially on 

geospatial approaches. The justification of this direction is the increasing number of environmental 

studies that can be found in publicly available databases and peer-reviewed journals, environmental 

reports, and governmental policy documents. Instead of the primary field data collection, the study 

combines the knowledge of various reliable secondary sources, such as case studies, satellite-based 
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evaluations, and available literature on geospatial monitoring, to determine general trends and 

environmental impacts of uncontrolled e-waste dumping. It started with identifying and reviewing of 

relevant scholarly literature publications and institutional reports published between 2018 and 2024. The 

inclusion criteria were based on the studies exploring pollution of soil and groundwater by e-waste, use 

of GIS and remote sensing in environmental management, and regional studies in high risk e-waste areas 

of countries like India, Ghana, China and Nigeria. Manual extraction and coding of data were performed 

to establish common thematic trends concerning the nature of the contamination sources, types of the 

pollutants, spatial patterns of toxicity and application of geospatial methods of assessment. This secondary 

data was interpreted by means of thematic analysis, which was conducted in structured steps of coding, 

categorization and identification of patterns. During this process, the themes of the following nature were 

developed: heavy metal accumulation in soil, ground water infiltration and leaching, role of informal 

recycling and geospatial visualization of contamination. These themes were also cross-checked with the 

geographical and policy contexts outlined in the materials reviewed to bring about analytical consistency. 

By conducting such a qualitative synthesis, the paper will obtain actionable knowledge that can be used 

to explain how poor management of e-waste leads to environmental impacts and how the interpretation 

of spatial data is important in determining potential risks of contamination. Although qualitative in 

orientation, the methodology is rigorous, using the systematic review approach and triangulating results 

based on several different sources of data. 

Analysis 

The secondary data used in this section is geochemical and spatial data which are obtained by analysis of 

already published environmental assessment and case studies of known e-waste disposal areas. This is 

mainly to conduct critical analysis of trends of soil and groundwater pollution and associate it with spatial 

proximity, severity of the pollutant, and the potential it has on geospatial risk mapping. The data equally 

answer the research questions based directly on the pollution intensity, spatial correlation with dumping 

zones and the effectiveness of the remote sensing approaches in detecting contamination gradients. 

Spatial Distribution of Heavy Metal Concentrations 

The comparative analysis of the geochemical database of the chosen sites demonstrates the presence of 

the clear contamination gradients depending on the distance to the e-waste disposal sites. The table below 

shows that the concentration of heavy metals in soil and ground water is particularly reduced with a high 

distance between the informal e-waste dumping areas and the ground. 
 

The findings show that Dump Site A, which is at the centre of an unregulated dumping area, has the 

greatest concentration of pollutants. “Pb in soil is 980 mg/kg which is nearly 10 times the Indian standard 

(100 mg/kg) of residential soil and over 15 times the WHO guideline on safe farming. On the same note, 

cadmium (Cd) levels exceed acceptable levels with 210 mg/kg measured as compared to an average safe 

upper limit of 3 mg/kg”. The degradation of the concentrations in Residential Zone C and Agricultural 

Plot D is also associated with the increase in the distance to the source of e-waste. This gradient proves 

the hypothesis of The evidence of spatial dependence is very high and this is a core underlying assumption 

when geospatial interpolation and mapping tools are to be used in predicting risks. 
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Groundwater Contamination Patterns 

The concentrations of arsenic in ground water follow the same pattern with the highest concentration 

(0.12 mg/L) being at the Dump site A and as the distance increases; the concentration decreases. The 

concentration level of arsenic in drinking water recommended by the “World Health Organization 

(WHO)” is 0.01 mg/L; therefore, all the locations within 1.2 km of the dumping site exceed this value. 

This is in line with past studies by Ghosh et al. [6] that enhance the worries of aquifer infiltration in the 

unlined waste areas. It becomes important to be able to predict the ground water contamination level 

using geospatial factors like elevation, slope and types of land use. This answers the third research 

question: How greatly so can remote sensing and GIS technology improve the detection, visualization, 

and monitoring of pollutant dispersal in the areas of impact? Flow paths can be projected over high- 

resolution multispectral satellite images and slope-based modeling can be used to identify vulnerable 

recharge areas. 

Thematic Correlation with Remote Sensing Data 

A single advantage of the secondary datasets evaluated is that they are compatible with “land surface 

temperature (LST)” anomalies retrieved using remote sensing. Researchers (e.g. Borthakur et al. [8]) 

associated thermal hotspots with organic degradation of e-waste and the clustering of non-recyclable 

material. In the present study, overlays of LST with NDVI (Normalized Difference Vegetation Index) 

shows a drop in the health of the vegetation around the contaminated sites which affirms the adverse 

effects of metal deposition on soil fertility. When plotted in GIS a strong negative correlation (Pearson r 

= -0.81) is noted between the heavy metal load and NDVI scores which is an indicator of vegetation stress. 

These indices can be calculated non-invasively with the Landsat 8 and Sentinel-2 imagery proving their 

applicability in the predictive contamination analytics. This discussion therefore affirms the strategic 

importance of geospatial tools in the identification, tracking and visualization of the pattern of 

contamination across space and time. 

Alignment with Thematic Analysis 

Spatial and chemical analysis results are consistent with the themes obtained in the literature review and 

thematic coding step. Observable key emerging themes, including the intensity of contamination around 

unregulated sites, horizontal proliferation of pollutants by means of soil and water, lack of formal 

monitoring, and the prospect of geospatial mapping, are present in all datasets under analysis. The 

combination of high pollutant levels, closeness with e-waste sites, and the inability to interfere with the 

situation through regulation confirm the idea that geospatial frameworks are not only scientifically 

suitable but also practically necessary when it comes to informing municipal and environmental policy. 

The findings also support the establishment of thematic maps that may be used to influence zoning 

regulations, urban growth, and designing of buffer zones during industrial planning. 

Implications for Public Health and Land Use 

The analysis validates that agricultural and residential areas within a 3 km radius of e-waste dumping sites 

are subjected to unsafe intensity of environmental pollution. This not only poses an ecological danger 

but a large burden on the health of the population, especially those living in low-income populations who 

have access to shallow groundwater or those who practice subsistence farming. This connection between 

soil metal concentration and lowered agricultural output in the reviewed articles increases the social- 

economic implication. In addition, the groundwater pollution also presents problems to populations 

living nearby since they use water as a source of drinking water. The regions with high levels of arsenic 

exceeding 0.05 mg/L are particularly worrying because chronic consumption has been associated with the 

development of carcinogenic risks, cardiovascular toxicities, and poor cognitive development in children 

as reported by WHO [11]. 

 

DISCUSSION 

The results of the current study provide an interesting argument to support the use of geospatial methods 

in the evaluation of environmental pollution caused by uncontrolled e-waste disposal. The analysis 

indicated that there was high spatial correlation between the proximity of e-waste dump and high 
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concentration of heavy metals like lead, cadmium and arsenic in the soil and ground water. This confirms 

the theory that informal disposal methods that are commonly done in an environmentally friendly way 

pose a major risk to the ecosystem and people living within the same environment. The geospatial trends 

involved sustain the idea that the risk of contamination decreases with the distance hence the importance 

of defining scientifically based buffer zones around the disposal or recycling sites. This directly addresses 

the Research Question 2 on spatial correlation between the severity of contamination and the proximity 

to e-waste zones. In addition, the thematic overlays of “vegetation health (NDVI)” with heavy metal 

concentrations confirm the usability of remote sensing in contamination detection and early warning 

systems, which answers Research Question 3. One of the important lessons of this study is that geospatial 

tools are capable of not only mapping and tracking the contamination but also can have effects on real- 

time decision making process land use and the planning of health of the population. As an illustration, 

cities and towns can incorporate GIS-based maps of contamination into zoning codes so as to prevent the 

placement of schools, agriculture, or residential developments along contamination hotspots. This is in 

line with more general appeals by UNEP and WHO to evidence-based policy action in city planning and 

risk reduction of public health.In addition, the data also points to the necessity of multi-scalar approaches 

in which local sampling is combined with satellite-based monitoring. Although conventional chemical 

sampling is accurate at the micro-level, it is only limited in terms of scope and frequency. On the other 

hand, satellite-based devices provide the possibilities of analyzing the spatial variations over time, 

identification of newly emerging informal dump sites, and vegetation degradation caused by soil toxicity. 

In this way, a mix of the two methods can result in an entire contamination intelligence system. The other 

aspect which came out is the socio-economic and health vulnerability of the population living around the 

dumping sites. The high arsenic concentration in groundwater that surpasses the WHO allowable limits 

in water bodies such as in Dump Site A indicate that there is an imminent need of intervention. This 

evidence echoes the results of earlier research of e-waste hotspots like Seelampur (India) and Agbogbloshie 

(Ghana), supporting the global character of the danger of uncontrolled e-waste. The geospatial products 

can enable local authorities to take actionable information to embark on water treatment, soil 

remediation and community awareness. Lastly, the study also makes a methodological contribution in 

that secondary qualitative analysis can produce results that are not only reliable but also policy-relevant 

when carried out in a systematic manner using thematic coding and spatial pattern recognition. It presents 

a blueprint to low-resource areas to launch environmental monitoring through free-to-use satellite imagery 

and established environmental data banks. In a nutshell, the results are quite encouraging with regard to 

incorporating geospatial analytics in the environmental management plans, particularly in the situations 

where the conventional monitoring is insufficiently financed or is logistically infeasible. 

 

FUTURE SCOPE 

The possibilities of future research in the sphere of the e-waste-related environmental contamination are 

numerous and multifarious. The first is the creation of high resolution geospatial models which combine 

multi-temporal satellite images, land use information and hydrological models in a way that allows more 

accurate predictions of the dispersion of pollutants. These models can also be optimised with the help of 

AI-based classification algorithms to automatically identify new hotspots of e-waste and contamination 

plumes in real-time. It is also possible to integrate participatory mapping techniques in future research, 

using the local communities to provide geotagged data on visible pollution, making technical remote 

sensing techniques complemented by human-focused ground truthing. Real-time monitoring with the 

help of “unmanned aerial vehicles (UAVs)” by using thermal and chemical imaging is also a potentially 

beneficial frontier that may expand coverage and resolution in monitoring. Moreover, when socio- 

economic factors, like population density, health outcomes and income distribution, are incorporated 

into GIS-based risk models, a more comprehensive view of both vulnerability and exposure emerges that 

can guide policymakers in targeting more specific remediation and education efforts. Lastly, 

environmental scientists, public health and urban planners will need to work interdisciplinarity to 
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translate geospatial findings into sustainable regulatory practices capable of reducing the long-term 

ecological and health risks posed by e-waste. 

 

CONCLUSION 

This paper has highlighted the severe ecological effects of uncontrolled processing of e-wastes, the most 

significant of which include the effect on the soil and groundwater quality. Through the secondary data 

analysis, it was identified that the concentration of heavy metals such as lead, cadmium, and arsenic in 

the terrestrial and aquatic ecosystems is augmented considerably when there is proximity to the e-waste 

dumping areas. These results support the fact that there is an urgent need to scientifically monitor and 

actively manage informal recycling and disposal activities that prevail in most developing economies. 

Integration of geospatial tools particularly GIS and remote sensing has been found to be a powerful and 

scalable approach towards monitoring contamination gradients, mapping areas of risks, and allowing 

predictive modeling of the environment. These together with thematic analysis of literature and field 

reports provide a multidimensional insight into the e-waste crisis- including the behavior of pollutants 

and the vulnerability to socio-environmental scenarios. Noteworthy, geospatial tools enable front-end 

prevention measures, including zoning control, site clean-ups, and resource redistribution to at-risk 

neighborhoods. In addition, the study provides a methodological approach to implement secondary 

qualitative research together with spatial intelligence that will save the expenses of such a solution in areas 

with low field monitoring facilities. It also brings out the possibility of interdisciplinary cooperation in 

data-based environmental governance. Conclusively, to deal with the dangers of e-waste, it is important 

to not only use technological devices but also institutional determination, policy implementation and 

community education. When utilized properly, geospatial methods will form the backbone of creating 

resilient, sustainable, and pollution-conscious cities with information informing the action and the 

environment in good health. 
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