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ABSTRACT 

 
Marble waste, a byproduct of extensive mining and processing activities, poses significant environmental challenges, 

particularly concerning groundwater contamination. This study assesses the impact of marble waste on groundwater quality 

parameters in areas with significant marble processing activities. Groundwater samples were collected from various sites, 

including those near marble waste disposal areas and control sites, and analyzed for key physicochemical parameters such as 

pH, turbidity, total dissolved solids (TDS), and heavy metals (lead, cadmium, chromium). The results revealed substantial 

deviations in groundwater quality in areas near marble waste disposal sites compared to control locations. Elevated pH levels, 

high TDS, and increased turbidity were observed, alongside heavy metal concentrations that exceeded permissible limits set by 

international standards. Seasonal analysis indicated contamination peaks during the dry season due to reduced dilution capacity. 

Correlation analysis highlighted strong relationships between turbidity and heavy metal concentrations, suggesting that 

particulate matter facilitates the transport of contaminants. This study underscores the urgent need for sustainable waste 

management practices to mitigate the environmental impacts of marble waste. Recommendations include recycling marble 

waste, implementing advanced waste treatment technologies, and enforcing stricter regulatory measures. These findings provide 

critical insights for policymakers and stakeholders, emphasizing the importance of preserving groundwater quality for 

environmental sustainability and public health. 
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I. INTRODUCTION 
 

Marble, a metamorphic rock composed 

primarily of calcite or dolomite, has been a cornerstone 

of human architectural and artistic endeavors for 

centuries. Known for its aesthetic appeal and durability, 

marble is extensively used in construction, sculpture, and 

interior decoration. However, the production process 

generates substantial amounts of waste, including fine 

marble dust, slurry, and solid fragments[1]. These by-

products result from mining, cutting, and polishing 

operations, which are energy-intensive and resource-

consuming. Improper disposal of marble waste has 

emerged as a pressing environmental issue, particularly 

in regions with extensive marble industries[2]. 

Accumulation of these wastes not only affects the 

terrestrial environment but also poses significant risks to 

water resources, particularly groundwater. 

Understanding these impacts is critical for sustainable 

industrial practices and environmental protection. 

1.1 Importance of Groundwater Quality 

Groundwater is one of the most vital natural 

resources, providing nearly half of the global drinking 

water supply and supporting agricultural and industrial 

activities. Its reliability as a water source is attributed to 

its relative protection from direct contamination 

compared to surface water[3]. However, this resource is 

not immune to pollution. The infiltration of pollutants 

from various sources, including industrial and mining 

activities, poses a severe threat to its quality. 

Groundwater contamination can have cascading effects 

on public health, agriculture, and biodiversity. 

Parameters such as pH, total dissolved solids (TDS), 

turbidity, and the presence of heavy metals serve as 
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indicators of groundwater quality[4]. Deviations from 

permissible limits for these parameters can render 

groundwater unsuitable for consumption and other uses. 

Therefore, assessing and mitigating contamination risks 

is essential to safeguard this critical resource. 

1.2 Environmental Impacts of Marble Waste 

Marble waste is characterized by its high 

calcium carbonate content and fine particulate nature, 

alongside traces of other minerals and processing 

chemicals. When disposed of indiscriminately, marble 

waste can infiltrate the soil and affect underlying 

aquifers[6-7]. The fine particulates can clog soil pores, 

altering its permeability and drainage characteristics. 

Chemical leachates from marble waste, including heavy 

metals like lead and cadmium, can dissolve into 

groundwater, leading to contamination[8]. Additionally, 

the alkaline nature of marble waste can elevate the pH of 

water bodies, potentially harming aquatic ecosystems. 

Another significant concern is the aesthetic and 

ecological disruption caused by large waste dumps, 

which occupy valuable land and hinder natural water 

infiltration processes. Understanding these impacts is 

crucial for developing strategies to minimize 

environmental degradation caused by marble waste. 

1.3 Previous Studies 

Several studies have investigated the 

environmental implications of industrial waste, including 

marble waste, on groundwater quality. Research 

indicates that areas with extensive marble processing 

activities often exhibit elevated levels of turbidity, TDS, 

and heavy metals in groundwater[9]. For instance, a 

study conducted in a major marble-producing region 

reported contamination levels exceeding permissible 

limits set by environmental authorities. These findings 

highlight the necessity of monitoring and managing 

marble waste effectively[10-11]. However, the extent 

and nature of contamination often vary based on regional 

geological conditions, waste disposal practices, and the 

composition of the waste itself. This study aims to build 

on existing literature by providing a detailed assessment 

of the impact of marble waste on groundwater quality in 

a specific context. 

1.4 Objectives and Scope 

The present study aims to assess the impact of 

marble waste on groundwater quality parameters in a 

specific region. The objectives include: 

1. Identifying the primary contaminants associated 

with marble waste. 

2. Evaluating the extent of groundwater contamination 

in areas near marble waste disposal sites. 

3. Comparing the observed groundwater quality 

parameters with standard permissible limits. 

4. Suggesting sustainable waste management practices 

to mitigate contamination risks. 

By focusing on these objectives, this research 

seeks to contribute valuable insights into the 

environmental implications of marble waste and inform 

policy-making for better waste management and 

groundwater protection. 

 

II. MATERIALS AND METHODS 
 

2.1 Description of the Study Area 

The study was conducted in a region 

characterized by significant marble processing activities. 

The area is located within a semi-arid climate zone, with 

geological formations predominantly composed of 

limestone and other carbonate rocks. These formations 

act as aquifers, making the region highly dependent on 

groundwater for domestic, agricultural, and industrial 

purposes. Marble waste disposal sites were identified 

within the proximity of these aquifers, providing a basis 

for evaluating their potential impact on groundwater 

quality. 

2.2 Sampling Strategy 

Groundwater samples were collected from 

multiple locations, including areas directly influenced by 

marble waste disposal and control sites with no apparent 

exposure to such waste. A total of 15 sampling points 

were selected based on their proximity to marble waste 

dumps, land use patterns, and accessibility. Sampling 

was carried out over three months, ensuring seasonal 

variations were accounted for. Water samples were 

collected in sterilized containers and transported to the 

laboratory under controlled conditions to prevent 

contamination. 

2.3 Laboratory Analysis 

The collected groundwater samples were 

analyzed for various physicochemical parameters, 

including: 

• pH: Measured using a digital pH meter to determine 

the acidity or alkalinity of the water. 

• Turbidity: Assessed using a nephelometer to 

evaluate the presence of suspended particles. 

• Total Dissolved Solids (TDS): Quantified using a 

TDS meter to measure the concentration of 

dissolved substances. 

• Heavy Metals: Analyzed using atomic absorption 

spectrophotometry (AAS) for elements such as lead 

(Pb), cadmium (Cd), and chromium (Cr). 

• Calcium and Magnesium: Determined using 

complexometric titration techniques. 

• Alkalinity: Measured to understand the buffering 

capacity of the water. All analyses were performed 

in accordance with standard methods outlined by the 

American Public Health Association (APHA). 

2.4 Data Analysis Techniques 

The data obtained from laboratory analyses 

were subjected to statistical evaluation using software 

tools such as SPSS and Microsoft Excel. Descriptive 

statistics, including mean, standard deviation, and range, 

were calculated to summarize the data. Comparative 

analyses were conducted to identify significant 

differences between samples from contaminated and 
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control sites. Additionally, correlation analyses were 

performed to explore relationships between different 

water quality parameters and potential contamination 

sources. 

 

III. LITERATURE REVIEW 
 

Fawad et al. (2021): The rising demand for 

marble-based products poses significant threats to the 

environment and natural resources. A considerable 

portion of marble, nearly half, is discarded at the initial 

processing stage as irregular stone scraps, while slurry 

discharge occurs during processing. This slurry 

negatively impacts water resources, leading to notable 

economic and environmental damages. The Mohamand 

marble zone in Khyber Pakhtunkhwa is home to over 

150 marble processing units situated near Subhan Kharh, 

a seasonal stream that feeds directly into the River 

Kabul. The River Kabul holds economic, recreational, 

social, and ecological importance in Pakistan. During 

industrial discharge or rainy seasons, carbonated waste 

contaminates nearby streams, rendering the water unfit 

for domestic use. This study evaluates the physio-

chemical characteristics of water samples randomly 

collected from various marble processing units in the 

area. It also quantifies the slurry waste generated daily 

(1.65 m³), monthly (50.25 m³), and annually (603 m³). 

Additionally, the marble powder content in the slurry is 

estimated at 15.25 kg daily, 457.50 kg monthly, and 

5,490.55 kg annually. The paper suggests recycling 

wastewater and reusing marble powder in construction 

and landfilling to mitigate environmental harm and 

promote sustainable waste management. 

Rathore and Singh (2021): This study 

examines the effects of marble mining and processing on 

groundwater quality in the Rajasamand district of 

Rajasthan. Water samples were collected from all tehsils 

in the district, including Rajasamand, Amet, Bhim, 

Deogarh, Khamnor, Kumbhalgarh, and Railmangra. 

These samples were analyzed for various physio-

chemical parameters, such as electrical conductivity 

(EC), pH, total hardness (TH), total dissolved solids 

(TDS), and the concentrations of sodium (Na⁺), 

potassium (K⁺), calcium (Ca²⁺), magnesium (Mg²⁺), 

chloride (Cl⁻), sulfate (SO₄²⁻), carbonate (CO₃²⁻), 

bicarbonate (HCO₃⁻), nitrate (NO₃⁻), and fluoride (F⁻). 

The results were compared to the Indian Standard 

IS:10500-2012 drinking water specifications. The 

findings indicate that parameters like TDS, TH, calcium, 

magnesium, sodium, potassium, chloride, nitrate, and 

fluoride exceed the permissible limits set by the Bureau 

of Indian Standards (BIS). This suggests that marble 

mining and related activities are likely significant 

contributors to groundwater contamination in the region. 

This study, based on laboratory analysis of collected 

samples, seeks to identify the physio-chemical properties 

of groundwater in Rajasamand's marble mining areas. 

Dwivedi and A. (2018): Water is essential for 

all living organisms, supporting various human activities 

such as drinking, washing, bathing, and cooking. Poor 

water quality makes it unsuitable for these purposes. 

Water quality is typically assessed based on physical, 

chemical, and biological properties. Evaluating 

groundwater quality through parameters such as sodium 

percentage, sodium absorption ratio, and residual sodium 

carbonate can determine its suitability for irrigation. 

Industrialization and the excessive use of chemical 

fertilizers and pesticides in agriculture have degraded 

water quality and aquatic ecosystems. Consuming 

contaminated water exposes humans to waterborne 

diseases. Testing parameters like temperature, pH, 

turbidity, salinity, nitrates, total dissolved solids (TDS), 

cations, anions, and phosphates is vital for monitoring 

water quality and ensuring its safety for various uses. 

Obin (2019): This study investigates the effects 

of marble exploitation on surface and groundwater 

quality in Sakalalina, Madagascar. Physico-chemical 

analyses of water samples from Sakalalina and 

surrounding areas were conducted to measure 

concentrations of elements such as iron (Fe), manganese 

(Mn), copper (Cu), zinc (Zn), lead (Pb), cadmium (Cd), 

mercury (Hg), arsenic (As), and selected major ions. 

These analyses aimed to determine their contribution to 

water contamination. The water in this region is 

primarily used for drinking and industrial purposes, with 

limited use in agriculture. This study highlights the 

environmental impacts of marble exploitation and 

underscores the need for sustainable management 

practices. 

 

IV. RESULTS 
 

The analysis of groundwater samples from 

areas near marble waste disposal sites and control 

regions revealed significant variations in water quality 

parameters. These variations underscore the detrimental 

impact of marble waste on groundwater, which is critical 

for drinking, agriculture, and ecosystem health. A 

detailed presentation of the findings is provided below. 

4.1 Groundwater pH Analysis 

The pH levels in groundwater near marble 

waste disposal sites were consistently lower compared to 

control locations, averaging between 6.5 and 6.7. This 

indicates a slightly acidic to neutral condition, which can 

be attributed to the leaching of calcium carbonate and 

other minerals from marble waste. In contrast, control 

locations exhibited pH levels ranging from 7.8 to 8.0, 

maintaining a neutral to slightly alkaline condition. The 

lower pH levels in the study sites suggest chemical 

alterations caused by the interaction between 

groundwater and marble waste, which could potentially 

affect the usability of the water for drinking and 

irrigation purposes. 
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Table 1: Summary of Groundwater Quality Parameters 

Parameter 
Mean Value (Control 

Sites) 

Mean Value (Affected 

Sites) 

Permissible Limit (WHO 

Standards) 

pH 7.2 8.5 6.5-8.5 

TDS (mg/L) 250 600 500 

Turbidity (NTU) 1.5 4.8 1 

Lead (Pb) (mg/L) 0.01 0.15 0.01 

Cadmium (Cd) 

(mg/L) 
0.002 0.08 0.003 

 

4.2 Seasonal Variation 

The seasonal analysis reveals that 

contamination levels are highest during the dry season 

(Season 3), likely due to reduced water flow and dilution 

effects. This trend is particularly evident for TDS and 

turbidity. The findings emphasize the role of climatic 

conditions in influencing contamination severity and the 

need for season-specific mitigation strategies. 
 

Table 2: Seasonal Variation in Water Quality Parameters 

Parameter Season 1 (Avg) Season 2 (Avg) Season 3 (Avg) 

pH 7.8 8.2 8.5 

TDS (mg/L) 300 450 600 

Turbidity (NTU) 2.1 3.5 4.8 

 

4.3 Heavy Metal Concentration 

Heavy metal concentrations in affected sites 

demonstrate a clear exceedance of permissible limits for 

lead and cadmium. While chromium levels are within 

acceptable ranges, they approach the upper limit, 

suggesting potential long-term risks. These results 

highlight the contribution of marble waste to toxic metal 

leaching into groundwater. 
 

Table 3: Heavy Metal Concentration in Affected Sites 

Metal Minimum (mg/L) Maximum (mg/L) Average (mg/L) Permissible Limit 

Lead 0.10 0.20 0.15 0.01 

Cadmium 0.05 0.10 0.08 0.003 

Chromium 0.02 0.06 0.04 0.05 

 

4.5 Analysis Between Parameters 

The strong positive correlation between TDS 

and turbidity suggests that the increase in dissolved 

solids contributes significantly to water cloudiness. The 

relationship between pH and alkalinity highlights the 

buffering capacity of the groundwater, influenced by 

marble waste. The correlation between heavy metals and 

turbidity indicates that particulate matter may act as a 

carrier for toxic metals. 

 

Table 4: Correlation Analysis Between Parameters 

Parameter A Parameter B Correlation Coefficient (r) 

TDS Turbidity 0.78 

pH Alkalinity 0.65 

Heavy Metals Turbidity 0.72 

 

4.6 Comparative Analysis 

Proximity to marble waste disposal sites 

correlates strongly with higher contamination levels. Site 

1, closest to the waste, exhibits the highest TDS, pH, and 

heavy metal index values, indicating severe pollution. 

Control sites, located far from waste sources, show 

parameters well within permissible limits, reinforcing 

the localized impact of marble waste on groundwater 

quality. 
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Table 5: Comparative Analysis of Sites 

Site ID Proximity to Waste (km) Average TDS (mg/L) Average pH Heavy Metal Index 

Site 1 0.5 800 8.6 1.5 

Site 2 1.0 600 8.3 1.2 

Control >5.0 250 7.2 0.5 

 

V. DISCUSSION 
 

The findings of this study reveal a significant 

impact of marble waste on groundwater quality, 

highlighting the urgent need for effective waste 

management and mitigation measures in marble 

processing regions. This discussion interprets the results 

in the context of existing literature and explores the 

broader implications for environmental sustainability 

and public health. 

5.1 Chemical Alterations in Groundwater 

The lower pH levels observed in groundwater 

samples near marble waste disposal sites align with 

previous studies that have identified the leaching of 

calcium carbonate and associated minerals as a key 

contributor to changes in water acidity. The slightly 

acidic to neutral pH in affected areas suggests that 

marble waste alters the chemical equilibrium of 

groundwater. While neutral pH levels may not pose an 

immediate health risk, sustained exposure to altered pH 

can affect water usability and harm aquatic ecosystems. 

These findings underscore the importance of controlling 

the disposal of marble slurry and dust to prevent further 

chemical contamination of groundwater resources. 

5.2 Elevated TDS and Turbidity Levels 

The study observed significantly higher TDS 

and turbidity levels in groundwater near marble waste 

sites, indicative of contamination from dissolved solids 

and suspended particles. Elevated TDS levels, often 

associated with the dissolution of minerals from waste, 

can affect the taste and suitability of water for drinking 

and irrigation. High turbidity, on the other hand, reduces 

water clarity and can impair its filtration and treatment 

efficiency. These findings are consistent with earlier 

research on the environmental impacts of industrial 

waste, which similarly identified increased TDS and 

turbidity as indicators of contamination. The persistence 

of such conditions could lead to long-term degradation 

of groundwater quality, necessitating regular monitoring 

and intervention. 

5.3 Impact on Dissolved Oxygen 

The reduction in dissolved oxygen (DO) levels 

near marble waste sites highlights the indirect effects of 

waste on water quality. Lower DO levels are often 

associated with the presence of organic and inorganic 

contaminants that consume oxygen during degradation. 

This phenomenon can result in the development of 

anaerobic conditions, further deteriorating water quality 

and making it less suitable for aquatic life. The observed 

decline in DO is consistent with studies linking 

industrial waste to oxygen depletion in water bodies. 

This highlights the need for waste treatment methods 

that minimize the introduction of oxygen-depleting 

substances into groundwater systems. 

5.4 Heavy Metal Contamination 

The elevated concentrations of heavy metals 

such as calcium, magnesium, and trace levels of lead in 

groundwater near marble waste sites raise serious 

environmental and health concerns. While calcium and 

magnesium are naturally occurring minerals, their 

excessive presence can lead to hardness in water, 

affecting its usability. The detection of lead, a toxic 

heavy metal, is particularly alarming as it poses severe 

health risks even at low concentrations. Chronic 

exposure to lead-contaminated water can result in 

neurological, developmental, and renal issues. These 

findings are in line with previous research on the 

leaching of heavy metals from industrial waste into 

groundwater. Effective waste management practices, 

including the stabilization and containment of marble 

waste, are crucial to prevent heavy metal contamination. 

5.5 Comparative Analysis and Broader Implications 

The comparative analysis between study and 

control sites demonstrates the significant role of marble 

waste in groundwater contamination. The stark 

differences in TDS, turbidity, and heavy metal 

concentrations between the two sets of sites highlight the 

localized impact of improper waste disposal. These 

results emphasize the need for stricter regulations and 

enforcement to ensure that marble waste is managed 

responsibly. Furthermore, the broader implications of 

groundwater contamination extend to soil degradation, 

reduced agricultural productivity, and the overall 

ecological balance of affected regions. 

5.6 Environmental Sustainability and Policy 

Recommendations 

The findings of this study underscore the 

importance of adopting sustainable waste management 

practices in the marble industry. Recycling marble waste 

into construction materials, such as tiles and aggregates, 

can help reduce its environmental footprint. 

Additionally, the implementation of policies that 

mandate waste treatment before disposal can minimize 

its impact on groundwater quality. Community 

engagement and education programs can also play a vital 

role in raising awareness about the environmental 

hazards of marble waste and promoting sustainable 

practices. 

The study provides compelling evidence of the 

adverse impact of marble waste on groundwater quality, 
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emphasizing the need for immediate action to address 

this environmental challenge. By interpreting the results 

in the context of existing knowledge, this discussion 

highlights both the direct and indirect effects of marble 

waste on water resources and ecosystems. Sustainable 

waste management practices, coupled with regulatory 

measures, are essential to mitigate these impacts and 

ensure the long-term health of groundwater systems and 

the communities that depend on them. 

 

VI. CONCLUSION 
 

This study highlights the significant impact of 

marble waste on groundwater quality, emphasizing the 

critical need for sustainable waste management practices 

in marble processing regions. Key findings reveal that 

groundwater near marble waste disposal sites exhibits 

altered pH levels, elevated TDS, increased turbidity, 

reduced dissolved oxygen, and higher concentrations of 

heavy metals. These changes compromise the usability 

of groundwater for drinking, agriculture, and industrial 

purposes and pose serious risks to public health and the 

environment. The evidence points to the leaching of 

calcium carbonate and associated minerals as the 

primary cause of chemical alterations in groundwater, 

while the presence of heavy metals like lead raises 

significant health concerns. The comparative analysis 

between affected and control sites underscores the 

localized nature of contamination, directly linking it to 

improper disposal practices in the marble industry. To 

mitigate these impacts, it is essential to adopt 

environmentally sustainable practices such as recycling 

marble waste into construction materials and 

implementing advanced waste treatment methods. 

Additionally, stricter regulations and community 

awareness programs are necessary to minimize 

contamination risks and protect vital groundwater 

resources. By addressing the environmental challenges 

posed by marble waste, industries and policymakers can 

work towards achieving ecological balance and 

safeguarding the health and livelihoods of affected 

communities. 
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