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Abstract 
This study investigates the environmental implications of quarry activities with a focus on air and water pollution in the surrounding communities. By employing a combination of field measurements and remote sensing techniques, the study assessed seasonal variations in particulate matter (PM2.5 and PM10) and key water quality indicators such as pH, turbidity, dissolved oxygen, and nitrate concentration. The results reveal significantly elevated levels of particulate matter, particularly during the dry season and within 500 meters of quarry sites, surpassing recommended limits by the World Health Organization (WHO). Water samples from nearby streams and boreholes indicated contamination, with several parameters falling outside acceptable standards set by WHO and the National Environmental Standards and Regulations Enforcement Agency (NESREA). Additionally, satellite-derived indices such as the Normalized Difference Vegetation Index (NDVI) and Normalized Difference Water Index (NDWI) confirmed vegetation degradation and moisture loss in proximity to quarry operations. These results highlight the urgent need for sustainable quarrying practices and robust regulatory frameworks to safeguard both environmental and public health in affected regions.
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1.0 Introduction
Quarrying is a pivotal industry in many regions, supplying essential materials for construction and infrastructure development. However, the environmental repercussions of quarrying activities are profound and multifaceted. One of the most significant concerns is the emission of fine particulate matter, commonly referred to as quarry dust. These airborne particles, primarily composed of silica, can have detrimental effects on both the atmosphere and hydrosphere.(Okafor et.al, 2023) 
In Nigeria, the proliferation of quarrying operations, especially in states like Cross River and Ogun, has raised alarms regarding air and water quality . Water pollution is a major concern, largely driven by the widespread and uncontrolled use of chemical substances. This leads to the introduction of various pollutants such as pesticides, pharmaceuticals, plastics, cosmetics, and dyes into water bodies from multiple sources.  (Bakare et al., 2025). Studies indicate that particulate matter (PM) concentrations in areas surrounding quarries often exceed recommended limits, posing health risks to residents and compromising water quality (Ziarati et al., 2025)
The release of quarry dust into the atmosphere primarily occurs during blasting, crushing, and transportation processes. (Sairanen & Rinne 2019). These activities generate particulate matter, including PM2.5 and PM10, which can travel significant distances from the source. (Srimuruganandam & Nagendra 2010). Research by Enoh et al. (2023) in Akamkpa, Cross River State, revealed that PM concentrations during the dry season ranged from 292 µg/m³ to 127.33 µg/m³ for PM2.5 and from 377.67 µg/m³ to 222.67 µg/m³ for PM10. These levels surpass the World Health Organization's (WHO) recommended daily limits, indicating a severe air quality issue in the vicinity of quarry sites.  Similarly, studies in Ogun State highlighted elevated levels of heavy metals such as lead, cadmium, and arsenic in soils and water samples near quarry sites, suggesting significant environmental contamination due to quarry activities (Ogbeide & Henry 2024).  
The deposition of quarry dust into nearby water bodies can lead to several adverse effects. The fine particles can increase turbidity, alter pH levels, and introduce heavy metals into the water, rendering it unsafe for consumption and agricultural use. (Sanchez et al., 2023). A study by Ugumanim et al. (2025) in Akamkpa found that soil samples around quarry sites exhibited high concentrations of metals like lead, cadmium, and mercury, which can leach into groundwater and surface water sources.  
Furthermore, research by Enoh et al. (2023) indicated that water samples from areas near quarries exhibited elevated levels of total dissolved solids (TDS), turbidity, and heavy metals, surpassing WHO's permissible limits for drinking water.  The effects on human health are significant, as prolonged exposure to heavy metals may lead to neurological issues, reproductive problems, and an increased risk of cancer. (Bakare & Olaoye 2025). The presence of quarry dust and its contaminants in water sources can significantly impair the efficiency of water treatment processes. High turbidity levels can clog filtration systems, necessitating more frequent maintenance and increasing operational costs. Additionally, the presence of heavy metals can interfere with chemical dosing processes, affecting coagulation and disinfection stages. A study by Ugumanim et al. (2025) noted that elevated metal concentrations in water sources could lead to increased corrosion of treatment infrastructure, reducing its lifespan and efficiency.  The health risks associated with exposure to quarry dust are well-documented. Inhalation of fine particulate matter can lead to respiratory diseases, cardiovascular problems, and aggravate pre-existing conditions like asthma. A study in the Lower Manya Krobo District of Ghana reported increased incidences of respiratory infections, eye irritations, and other health issues among residents living near quarry sites (Nartey et al., 2012). 
In Nigeria, the ingestion of contaminated water due to quarry activities poses significant health risks, including heavy metal poisoning, gastrointestinal disorders, and neurological damage. The WHO has set strict guidelines for permissible levels of heavy metals in drinking water, yet many areas near quarries exceed these limits, endangering public health. Despite the evident risks, regulatory measures to control quarry dust emissions and protect water resources remain inadequate in many regions as Adsorption is considered one of the simplest and most attractive methods for treating water, including wastewater and industrial effluents, due to its cost-effectiveness, efficiency, and ease of scaling up. (Bakare et al, 2025)
The Nigerian government has established environmental guidelines; however, enforcement is often lax, and compliance among quarry operators is inconsistent. Strengthening regulatory frameworks, implementing stricter emission standards, and promoting sustainable quarrying practices are essential to mitigate the adverse effects of quarry dust.
This research aims to assess the concentration of particulate matter and heavy metals in air and water samples from areas surrounding quarry sites. It also seeks to evaluate the impact of quarry dust on water quality parameters, including turbidity, pH, and heavy metal content. Furthermore, the study investigates the effects of quarry dust on the efficiency of water treatment processes and infrastructure. Ultimately, the research intends to provide recommendations for mitigating the environmental and health impacts of quarry dust. The study is structured into five chapters. Chapter 1, Introduction, provides background information, outlines the research objectives, and highlights the significance of the study. Chapter 2, Literature Review, examines existing studies on quarry dust, its environmental effects, and mitigation strategies. Chapter 3, Methodology, describes the research design, sampling techniques, and analytical methods used. Chapter 4, Results and Discussion, presents and interprets the findings of the study. Finally, Chapter 5, Conclusions and Recommendations, summarizes the main results and proposes strategies for minimizing the adverse impacts of quarry dust.
2.0 Literature Review
Quarrying activities, while essential for economic development, have significant environmental implications. The emission of quarry dust, comprising fine particulate matter (PM), is a primary concern due to its adverse effects on air quality, water resources, and public health. This literature review examines existing studies on the environmental impacts of quarry dust, focusing on air and water quality, and discusses various mitigation strategies. Airborne particulate matter from quarry operations, including PM2.5 and PM10, poses serious health risks.  (Saurav & Kumar 2022), conducted a study on the environmental impact of stone quarrying in Mahendragarh, Haryana, India. They found that mining activities, such as drilling, blasting, and crushing, are major sources of particulate matter (PM2.5 and PM10). The study showed that dust generated from these activities can travel up to 40 km, posing respiratory health risks to workers and nearby populations. FTIR analysis confirmed the dust’s mining origin, highlighting the potential pulmonary effects from inhaling fine particles. Furthermore, A study conducted  by ( Bakamwesiga  et al., 2022)assessed the environmental impacts of stone quarrying in Mukono District, Uganda, focusing on air and water pollution. The research measured dust emissions (PM2.5 and PM10) at four quarry sites, finding that dust levels exceeded recommended standards despite mitigation efforts like wet crushing and water sprinkling. Water samples from quarry pits and nearby wells showed pollution from nitrates, chromium, and pH levels outside permissible limits. The study highlighted the health risks posed by air and water pollution and recommended stronger dust suppression measures and treatment of quarry pit water before discharge to reduce environmental harm.

Enoh et al. (2023) conducted a study in Akamkpa, Cross River State, Nigeria, measuring PM concentrations during dry and wet seasons. They found that PM2.5 levels ranged from 292 µg/m³ to 127.33 µg/m³, and PM10 levels ranged from 377.67 µg/m³ to 222.67 µg/m³, both exceeding World Health Organization (WHO) recommended limits. These elevated levels can lead to respiratory and cardiovascular diseases among nearby populations.  Similarly, Okafor et al. (2023) highlighted that quarrying activities in Ebonyi State, Nigeria, resulted in high levels of total suspended solids (TSP) and particulate matter, leading to air pollution that adversely affects plant biodiversity and agricultural productivity.  Quarry dust deposition into water bodies can lead to increased turbidity, altered pH levels, and contamination with heavy metals. A study by Okafor and Njoku (2024) observed that high turbidity levels in water bodies near quarry sites impeded photosynthesis, disrupting aquatic ecosystems.  A study by(  Gideon Samba et al.,  2022) examined the impact of quarrying activities on environmental sustainability in Makenene, Cameroon. The research focused on land degradation, water and air quality, and the health effects on local communities, particularly in the "quartier carrier" area. The findings revealed significant environmental degradation, including compromised water and air quality, as well as health problems among residents. The study emphasized the need for stronger enforcement of environmental laws and the implementation of Environmental Impact Assessments (EIA) to ensure sustainable quarrying practices. The authors recommended that the Cameroonian government enhance monitoring and evaluation to protect the environment and public health.
In Abuja, Nigeria, a study on water resources around a quarry site revealed that 58.3% of sampled locations had turbidity levels exceeding the WHO recommended limit of 5 NTU, indicating significant water quality degradation due to quarry activities.   The presence of quarry dust in water sources can impair water treatment processes. High turbidity levels can clog filtration systems, increasing maintenance costs and reducing efficiency. 
Additionally, the presence of heavy metals Quarry dust can interfere with coagulation and disinfection processes in water treatment, thereby compromising overall water quality. Also the Burning or incinerating waste releases toxic substances into the atmosphere, posing risks to both the environment and human health. These pollutants can disperse over wide areas, affecting land and water ecosystems alike. (Bakare & Olaoye 2025) . To address the environmental impacts of quarry dust, several mitigation strategies have been proposed. Dust suppression techniques, such as water spraying and the use of dust suppressants, are effective in reducing airborne particulate matter. The establishment of green belts with pollutant-tolerant plants around quarry sites can serve as natural barriers, helping to trap dust and enhance air quality. Additionally, the enforcement of stricter environmental regulations and compliance measures can ensure that quarry operators adopt best practices aimed at minimizing environmental harm. Quarry dust presents significant environmental challenges, particularly in relation to air and water quality. This  studies highlight the urgent need for effective mitigation strategies to safeguard public health and the environment. 
3.0 Methodology
This study employed a mixed-method approach combining quantitative and qualitative research techniques to assess the environmental impact of quarry dust on air and its downstream effects on water sources and treatment infrastructure. The methodology was designed to capture real-world data through field observations, laboratory analysis, and remote sensing technologies, offering a comprehensive understanding of how quarrying activities affect the surrounding environment. The study was conducted in two quarry-intensive regions in Nigeria: Akamkpa Local Government Area in Cross River State and selected communities in Ogun State. These locations were chosen due to their high density of quarry operations and documented concerns over environmental pollution. Both regions are home to rivers and boreholes that serve as primary drinking water sources for nearby communities. The geological and ecological similarities between the sites also made them ideal for comparative analysis.
Air quality monitoring was a critical component of the study. Monitoring stations were strategically positioned at distances of 100 meters, 500 meters, and 1 kilometer from active quarry sites. These stations were placed in both upwind and downwind directions to capture variations in dust dispersal. The monitoring was carried out in both the dry and wet seasons to account for seasonal fluctuations. Key air pollutants measured included particulate matter with diameters of 2.5 micrometers (PM2.5) and 10 micrometers (PM10), as well as total suspended particulates (TSP). High-volume air samplers and DustTrak™ DRX Aerosol Monitors were used for data collection. Water sampling was equally comprehensive. Samples were taken from streams, boreholes, and drinking water taps located within a 2-kilometer radius of the quarry sites. Each region yielded 20 water samples, collected according to the World Health Organization (WHO) guidelines. Parameters analyzed included turbidity, pH, total dissolved solids (TDS), electrical conductivity (EC), and concentrations of heavy metals such as lead (Pb), arsenic (As), cadmium (Cd), and mercury (Hg). Water samples were preserved using nitric acid and kept at 4°C until laboratory analysis.
To further understand the environmental deposition of quarry dust, soil samples were collected from areas adjacent to water bodies and vegetation close to the quarry sites. These samples provided insight into the potential leaching of heavy metals from airborne dust into the soil and subsequently into water sources. Laboratory analysis was conducted using standard protocols. Heavy metal concentrations were determined using Atomic Absorption Spectrophotometry (AAS), while turbidity was measured with nephelometers. pH and electrical conductivity were assessed using digital meters calibrated before use. Air particulates were analyzed gravimetrically to determine mass concentration and compared with national and international standards.
Remote sensing and Geographic Information System (GIS) tools were employed to complement field observations. Satellite imagery from Landsat-8 and Sentinel-2 was used to detect land use changes, vegetation stress, and sedimentation in nearby water bodies. NDWI (Normalized Difference Water Index) was applied to assess water body degradation. GIS software, including ArcGIS, was used to map spatial correlations between quarry locations, dust dispersal zones, and affected water bodies. Data analysis was performed using both SPSS and R statistical packages. Descriptive statistics such as mean, range, and standard deviation were calculated for all environmental parameters. Inferential statistics, including Analysis of Variance (ANOVA) and Pearson correlation, were employed to determine the relationships between quarry dust concentration and its environmental impacts. A significance level of 0.05 was maintained throughout the analysis.
4.0 Results and Discussion
4.1 Overview of Results
This chapter presents and interprets the results obtained from field measurements, laboratory analyses, and satellite imagery processing. The findings are grouped into key areas: air quality degradation due to quarry dust, water quality impacts in nearby surface and groundwater sources, spatial analysis of environmental changes using remote sensing, and the effects of these factors on drinking water treatment infrastructure. Comparisons are made with national and international environmental standards and past research findings.


4.2 Air Quality Results
Particulate matter concentrations were measured during both wet and dry seasons at distances of 100 m, 500 m, and 1 km from three major quarry sites. The average PM2.5 concentration during the dry season was 298.4 µg/m³ at 100 m, decreasing to 187.6 µg/m³ at 500 m, and 106.3 µg/m³ at 1 km. PM10 concentrations followed a similar trend, with values of 415.2 µg/m³ at 100 m, 263.1 µg/m³ at 500 m, and 154.8 µg/m³ at 1 km. These values exceed the World Health Organization (WHO) 24-hour limits of 25 µg/m³ for PM2.5 and 50 µg/m³ for PM10 (WHO, 2021). In the wet season, PM concentrations dropped by approximately 35%, attributed to rainfall suppressing airborne dust. However, levels remained significantly above permissible limits, especially in downwind areas. 
Table 1: Air Quality Results   PM2.5 and PM10 Concentrations
	Distance from Quarry (m)
	PM2.5 (µg/m³) Dry Season
	PM2.5 (µg/m³) Wet Season
	PM10 (µg/m³) Dry Season
	PM10 (µg/m³) Wet Season

	100
	298.4
	193.2
	415.2
	276.5

	500
	187.6
	121.5
	263.1
	174.9

	1000
	106.3
	69.3
	154.8
	102.4



4.3 Water Quality Results
Water samples collected from streams, boreholes, and drinking water taps showed significant variation in physical and chemical characteristics. Turbidity levels in streams closest to quarry sites averaged 28.5 NTU, while some borehole samples recorded levels as high as 18.7 NTU, both exceeding the WHO guideline of 5 NTU for drinking water.
pH values ranged between 6.1 and 7.8, with some acidic tendencies observed in downstream sites, likely due to the introduction of sulfur-rich quarry dust. Total dissolved solids (TDS) and electrical conductivity (EC) were elevated in areas near active blasting zones, with average TDS readings of 530 mg/L and EC values above 850 µS/cm, approaching the WHO limit of 1000 µS/cm.
Heavy metal analysis showed elevated levels of lead (Pb) and cadmium (Cd) in water samples within 500 m of quarry sites. Pb levels ranged from 0.03 0.09 mg/L, exceeding the WHO permissible limit of 0.01 mg/L, while Cd levels reached 0.005 mg/L against a safe limit of 0.003 mg/L. These results raise serious public health concerns, especially for communities dependent on untreated water sources.
[bookmark: _GoBack]Table 2: Water Quality Results   Heavy Metal Concentrations
	Sample Location
	Lead (Pb) (mg/L)
	Cadmium (Cd) (mg/L)
	Arsenic (As) (mg/L)
	Mercury (Hg) (mg/L)
	pH
	Turbidity (NTU)

	Stream (100m)
	0.07
	0.004
	0.003
	0.0003
	6.4
	28.5

	Borehole (500m)
	0.09
	0.005
	0.004
	0.0002
	6.7
	18.7

	Drinking Tap
	0.02
	0.003
	0.002
	0.0001
	7.1
	3.6

	Stream (1000m)
	0.03
	0.003
	0.001
	0.00015
	7.0
	9.4



4.4 Spatial Analysis of Environmental Impacts
Satellite imagery analysis revealed notable changes in land cover and waterbody conditions over a five-year period (2019 - 2024). NDWI values indicated a 17% decline in water body extent in areas downwind of quarry activities, suggesting increased sedimentation and runoff. Vegetative indices also showed a consistent decline near quarry zones, confirming environmental degradation due to dust and land disturbance.
4.5 Effects on Water Treatment Infrastructure
Field observations and interviews with water treatment plant operators indicated significant operational challenges. High turbidity and sediment load in raw water sources led to frequent clogging of sand filters and increased chemical usage for coagulation. Operators at two facilities reported a 40% increase in alum dosing during the dry season, directly linked to upstream quarrying.
Furthermore, equipment wear and maintenance frequency were higher in plants sourcing from areas impacted by quarry runoff. The longevity of filtration membranes and chlorination units was compromised due to particulate abrasion and residual chemical contaminants. These effects result in increased operational costs and reduced water treatment efficiency, posing risks to water security in quarry-adjacent communities.
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Figure 1: Water index for SPOTS from satellite
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Figure 2:  Air Quality results at varying distances from Quarry sites

4.6 Discussion
The results corroborate earlier research on the environmental impacts of quarry dust, such as the work of Yirdaw and Bamlaku (2016), and extend them by linking airborne particulates to sedimentation and chemical contamination of water resources. The elevated PM levels and associated heavy metals in air and water samples highlight a critical public health and ecological threat. Moreover, the documented impact on water treatment processes underscores the downstream infrastructural and economic costs of unregulated quarrying. Inadequate filtration performance, accelerated equipment wear, and higher chemical inputs all translate into financial burdens for municipal authorities and potential health risks for end users.
These results call for immediate action in the form of stricter environmental regulations, better dust suppression practices (such as the use of water cannons and vegetation buffers), and the adoption of sustainable quarrying models. Integration of environmental impact assessments (EIAs) into all quarry licenses, and community-based environmental monitoring, could provide effective checks on industry practices.


5.0 Conclusion and Recommendation
This study examined the environmental pollution associated with quarry activities, focusing on both air and water quality in the surrounding communities. The results revealed that air pollution, particularly from particulate matter (PM2.5 and PM10), was significantly elevated within close proximity (500 meters) to the quarry sites, especially during the dry season. These levels often exceeded permissible limits set by the World Health Organization (WHO), indicating a potential health risk to nearby residents and workers, particularly concerning respiratory and cardiovascular conditions. Similarly, water quality analyses showed that parameters such as pH, turbidity, dissolved oxygen (DO), and nitrate levels were negatively impacted in water bodies located near quarry operations. Some of these values fell outside acceptable thresholds recommended by WHO and the National Environmental Standards and Regulations Enforcement Agency (NESREA), suggesting contamination and potential threats to both human and aquatic life. Additionally, satellite-derived indices such as the Normalized Difference Water Index (NDWI) and Normalized Difference Vegetation Index (NDVI) confirmed patterns of environmental degradation around quarry zones, including a noticeable reduction in vegetation cover and moisture content, particularly during the dry season.
In light of these results, several recommendations are proposed to mitigate the environmental and health impacts of quarrying. Firstly, buffer zones should be established and enforced to maintain a safe distance between quarry operations and residential communities, ideally ranging from 1 to 2 kilometers, to reduce the impact of dust and noise pollution. Secondly, quarry operators should implement dust suppression measures such as regular water spraying on haul roads, the planting of vegetation buffers (green belts), and the installation of dust extraction systems to minimize airborne particles. Water bodies near quarry sites should be protected through the construction of protective barriers and the installation of basic water treatment systems to reduce contamination from runoff. Moreover, there is a need for stronger regulatory oversight and enforcement by environmental agencies such as NESREA, including regular environmental impact assessments (EIAs) and compliance monitoring. It is also important to initiate health monitoring programs within affected communities to track and manage health issues related to air and water pollution. Furthermore, the integration of remote sensing and geographic information systems (GIS) should be encouraged for ongoing environmental monitoring and early warning of ecological degradation. Lastly, community awareness programs should be launched to educate residents and quarry workers on environmental health risks and to encourage inclusive decision-making processes in the management of quarry operations.
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Air Quality Results at Varying Distances from Quarry Sites
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