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Abstract

:

Despite its contributions to the development of the country, the mining sector in Sierra Leone, has been attributed to a multitude of impacts on the environment. This article focuses on assessing the environmental impacts of mining in mining edge communities in Sierra Leone. A survey of 360 people from three mining edge communities (Sierra Rutile Limited (SRL), Bonthe district; Octea Mining Company (OMC), Kono district and Sierra Leone Mining Company (SLM), Port Loko district) was conducted. Key informant interviews, focus groups, and secondary data sources - Government policies and regulatory documents, government’s Mines Department annual reports-provided data for this article. Data were analyzed using the Statistical Analysis System with a mean separation done at α = 0.05 (SAS version 9.4). As a result of mining operations, the rates of deforestation, land degradation and destruction of farmlands, inadequate availability of clean water, poor air quality and noise pollution were the main impacts exacerbated by rutile, iron ore and diamond mining. Strategies as recommended by the local communities to be put in place, to restore ecological function in the mining edge communities include, the Environmental Protection Agency (EPA), the Mines and Mineral Agency, and other responsible authorities addressing weakness in mining and environmental policies, thereby strengthening enforcement and monitoring regulations relating to mining operations; and companies embarking on rehabilitation, reclamation, and restoration measures to ensure environmental sustainability.
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1. Introduction


Despite being the backbone of many economies in developing countries, mining operations, no matter the scale, are disruptive to the environment [1,2]. It contributes to indiscriminate vegetation loss, degradation of farmland [3], and river sedimentation [4]. The destruction of the environment caused by mining operations is mainly as a result of inappropriate mining practices. With an expansion in mineral production regionally and globally, sustainable mineral resource production becomes a significant challenge, and hence there is an increasing need for sustainable environmental management [5]. The environmental dangers posed by mining and its related health and safety repercussions for staff and surrounding communities are related to lack of awareness, financial limitations, inadequate technology, and ineffective environmental law [6,7]. Sustainable mineral production is essential for the protection of natural resources and in many countries around the world [8].



Sierra Leone is a mineral-rich country endowed with abundant natural resources [9]. Despite this geological wealth, the country remains on the margins of the economy. Mining and quarrying provide a livelihood for more than 82,000 people and directly or indirectly employ about 3 percent of the total labor force in Sierra Leone [10]. Mineral exports, mainly iron ore, diamonds, bauxite, rutile, and gold contributed 2.7% to the national Gross Domestic Product (GDP) and accounted for 91.1% of exports in 2016 [11]. The most prominent among the mining companies in Sierra Leone are Octea Mining Company, Kono, Kono district-primarily mining diamond, Sierra Rutile Limited, Rutile, Bonthe district–mining rutile and SL Mining Company, Lunsar, Port Loko district–mining iron ore. The economy remained largely dependent on large-scale mining of rutile (Titanium oxide), diamond, and bauxite. Rutile and bauxite are mined predominantly by large mining firms, while the alluvial nature of the diamond and gold deposits suggest that they are open to both artisanal miners and larger mechanized companies.



The first piece of mining legislation enacted in Sierra Leone was the Minerals Act 1927, which was amended as the Revised Minerals Act in 1960.The 1960 Revised Minerals Act was replaced by the 1994 Mines and Minerals Decree, which was enacted as law in 1996 (1994 Act) that was slightly amended in 1999 and 2004 and supplemented by the Mines and Minerals Regulations in 1994. Furthermore, over the past decades, a number of laws and regulations such as the Environment Protection Agency Act 2008 (EPA Act), the Mineral and Mines Act (2009), and the National Minerals Agency Act 2012 have been developed.



However, certain non-governmental organizations, and civil society organizations have criticized these regulations for not being sufficiently detailed on environmental, social development, health, safety and community issues in addition to the lack of clarity of certain provisions, and for not containing detailed provisions on the practice of entering into mining agreements with investors in relation to certain projects. But, achievement of the appropriate balance between social development, environmental management and investment promotion due to the changes in the legal framework still remain a challenge. Thus, ineffective regulations prevent the sector from contributing meaningfully to the country’s economic growth. Inadequate participation in mining arrangements and loss of religious sites, loss of farmland for agriculture, resulting in loss of livelihoods are the major causes of conflicts between local communities and foreign companies around the world which severely impact sustainable community development [12]. Awudi [13] states that the extractive industries are primarily accountable for land degradation, waste management, deforestation, the release of chemicals in streams and rivers, thereby diminishing the water quality for humans. In a report published by Human Rights Watch in 2014, it reported that the worsening environmental and social issues in mining communities (intense land destruction, off-site effects on community relocation, and health and safety issues) were due to mining activities [14]. That presumption is particularly evident in the iron ore, rutile, and diamond mining communities in Bonthe, Kono, and Port Loko districts of Sierra Leone. The extraction of minerals for decades in the country has been associated with large scale vegetation clearance, land degradation, and environmental pollution. Associated with the widespread inherent environmental disruption, is the adverse impacts that arise from mining activities, including loss of farmland, inadequate availability of water, and deforestation as reported by Human Rights Watch [14], NACE [15] and NMJD [16].



Despite the continued exploitation of mineral resources as one of the major sources of income and employment in the country, limited cross-sectional studies have examined the environmental impacts of mining operations in the country. This study examines the impacts of mining on the environment in three selected mining edge communities within the vicinity of Octea Mining Company, Kono, Kono district; Sierra Rutile Limited, Rutile, Bonthe district and SL Mining, Lunsar, Port Loko district, in Sierra Leone.




2. Materials and Methods


2.1. Study Areas


The study areas (Figure 1) include Sierra Rutile Limited, Bonthe district, located in the southern region, Octea Mining Company (OMC), Kono district, in the eastern region, and the Sierra Leone Mining Company (SLM), Port Loko district, in the northern region of Sierra Leone.



Sierra Rutile Limited, currently utilizes a bucket ladder dredge processing methods to produce rutile, ilmenite and a zircon concentrates from an area with 6049 million tons of high value, high grade mineral deposit. Heavy mineral concentrates produced from the various sources are then trucked through to the central land plant stockpile using front end loaders and dump trucks for further processing using a two-phase high intensity magnetic separation process.



Octea Mining Company, primarily mining diamond, focus on hard rock kimberlite operations. After drilling and blasting, the ore is then crushed and the liberated stones recovered by the X-ray machines and grease table in the processing plant.



The SL Mining Company, mining iron ore with an estimate of more than one billion tons of 32% Fe grading iron ore reserves. Upon extraction by drilling, the tailings resource is processed using a two-phase high intensity magnetic separation to produce iron, aluminum oxide and silicon oxide.




2.2. Data Collection and Analysis


Data for this research were collected through household questionnaire survey, complemented by key informant interviews, focus group discussions, archive/secondary source information, and field observation as detailed below.



2.2.1. Household questionnaire survey


Researchers administered structured questionnaires to 360 respondents selected from 360 households in the three communities. In each of the three communities, one hundred and twenty (120) households were selected from the community register using a systematic random sampling technique. Only one respondent was picked in each household to represent the entire household members.



Local participants approved the research team, and permission was given by the community authorities to conduct the research in the three communities. Household surveys were conducted by research assistants from February to May 2019. Prior to the administration of the household questionnaire, five field assistants were recruited and trained on the study objectives and the administration of the questionnaire for a whole day. On completion of the training, the questionnaire was pre-tested on 10% (36 out of 360) of the respondents in 6 mining edge communities across the 3 districts. This helped us to verify the validity and reliability issues. Results from the pre-test were used to review and update the questions. The questionnaire consisted of both open and closed ended questions. Aspects covered in the questionnaires were socioeconomic characteristics of the respondents, effects of rutile, iron ore and diamond mining on vegetation and land, and types of restoration measures and their effectiveness in improving environmental devastations caused by mining. Other aspects were the presence of the stakeholders dealing with environmental conservation practices as well as suggestions for the measures to reduce environmental impacts due to mining activities in these communities.




2.2.2. Focus Group Discussions


Focus group discussions were held based on the fact that the method reveals in-depth information on issues, perception, and ideas of various community groups. For a proper group management, two sessions (morning and evening) of six people were conducted. Two sessions were preferred because some communities were rarely found in the morning due to farming practices. Two days were used in each community. Purposive selection was used to select the various categories of the respondents in terms of age to include youths and elders; sex to include males and females, and working experience in mining to include people who worked in mines and those who are not working. These groups were included to diversify information on the subject matter. Topics which were discussed involved the extent of the impacts due to rutile, iron ore and diamond mining, legal frameworks on mining, and conservation practices used to restore the environment against the effects of mining.




2.2.3. Key Informants Interview


Structured interviews were organized and administered to the key informants who were the SRL, OMC and SLM Company Environmental and Safety Officers, District Forestry Officers, District Mining Officers, Village Heads, and Village Development Committee (VDC) Officers. Checklist guide which consisted of structured interview questions was used to guide the interviews. Topics included in the checklist were the impacts of mining on the environment, restoration measures attempted to overcome environmental devastations exacerbated by mining, as well as policy and legal frameworks governing the mining in the study areas.




2.2.4. Field Site Visits


Field site observations were made to authenticate different activities which were practiced by the three mining companies in extracting rutile, iron ore and diamonds and the way they affect vegetation and land within the study areas. Field site visits were organized in collaboration with the local leaders and the mining officers in the study areas.




2.2.5. Archive Data


Secondary data were collected through a review of the related documents from Government policies and regulatory documents, government’s Mines Department annual reports, media sources, newspaper reports, and scholarly journal articles. Archive information obtained from these reports complemented the information collected from the primary data.




2.2.6. Data Analysis


Data collected were analyzed using the statistical analysis system (SAS, version 10.1). Output was presented as summary statistics in the form of frequency, tables and bar charts. Post hoc means separation was then carried out where necessary using analysis of variance (ANOVA) and the Duncan Multiple Range (DMRT) test; considering compared means statistically significant when p-values and α were less than 0.05.






3. Results and Discussion


3.1. Demographic Characteristics of Respondents


Table 1 depicts the demographic characteristics of the respondents interviewed during the survey. The majority (60.6%,) of the respondents were males since the study focuses on mining communities and most of the household heads were headed by males who were respected and allowed to respond to issues concerning the households or neighborhoods, as similarly reported in Kamga et al. [17] and Mohamed [18]. Most (48.6%) were within the age range of 31–43 years. Usually, this age group comprises key informants and opinion formers [19]. With respect to education, the majority (44.2%) had a high school education, in contrast to the report in Kamga et al. [17] where most of the respondents, as a result of the influence of mining, only attained primary level education; but, mostly (40.8%) were married, in line with the report of Kamga et al. [17]. There were no significant (p> 0.05) differences found within the demographic variables (Table 1).




3.2. Perceptions of Environmental Impacts Due to Mining on Land Degradation in the Study Communities


Results unveiled that rutile, iron ore and diamond mining had exacerbated adverse effects on the landscape and ecosystem at large in the study areas. Analysis using a pairwise ranking of the impacts of mining activities on their environment, according to the respondents, revealed the gravity of the problems in the order:



Land degradation > Vegetation loss/Deforestation > Water shortage > Dust release into the air > Noise pollution.



The study indicates that vital resources affected by mining activities in the study areas pose a threat to human development and the natural environment. 68.3% of the respondents in mining communities around the Octea Mining Company concessions in Kono reported that there was a high rate of land degradation as compared to the interviewees within Sierra Rutile Limited mining concession (61.7%) and the SL Mining areas in Lunsar (59.2%) (Table 2). Mineral extraction entails excavating underground pits and blasting rocks with explosives, which has resulted in increased land degradation. Several others expressed their views, especially in an in-depth interview with a 52-year-old male farmer who lamented thus:



“I am a farmer, I use to farm on large pieces of land which served as a source of income for my family and me, but over the years, much of the land has been taken by the company for mining activities, and this has affected us greatly.”



When asked about the impacts of land degradation in their communities, about 59% of the respondents stated that land degradation leads to loss of farmlands, 17% of the respondents noted that land degradation leads to soil erosion and fertility loss, while 12% indicated that it leads to loss of cultural identity.



In a post-conflict nation like Sierra Leone, where two-thirds of the population depends on agriculture for their livelihoods [20], mining tends to displace farmers, resulting in indirect costs like farmland loss, which could have significant social and environmental implications. Such negative impacts of mining are sometimes uncertain to local communities when agreements are discussed, and reimbursement schemes are often inadequate. The interviews with community residents and field visits suggest that these changes in mining-related land cover have undermined conservation, and to some extent, resulted in widespread land-use conflicts. For instance, police shot live bullets and teargas at unarmed community members in Bumbuna to disperse demonstrations over land conflicts with African Minerals Limited that culminated in a woman’s death [14]. Two people were shot dead by police in violent clashes over land at a mine in Kono with locals from surrounding villages [14]. Consequently, little farmland is now available for farming activities, which has resulted to loss of livelihoods. Similarly, in many mining communities, significant parcels of the landscape and forest ecosystems were demolished to accommodate mining operations, resulting in landlessness by community inhabitants [21,22,23]. In the present study, respondents stated an increasing depletion of suitable farmland as a direct implication of mining in the areas, as a result of land degradation, and a decline in agricultural productivity over time [24,25]. Also, respondents did admit that, for those non-mining employees who depend on agriculture, have little or no arable lands for cultivation. This corroborates with Bansah et al. [26], who reported increased land degradation caused by artisanal and small-scale mining in southwestern Ghana, which resulted in reduced arable lands for farming. Participants also stated that mining operations install pits and deep trenches, rendering certain places vulnerable to residents and livestock due to the dangers they present. This was particularly eminent in Kono, where large scale and small scale mining is dominant.




3.3. Perceptions of the Extent of Deforestation Due to Mining


National forests or crop plantations are the first ecological entity to face complete or partial disturbance during mineral exploration and extraction. The results from Table 2 implies that 72.5% of the respondents’ in Rutile reported that a significant portion of the land area was denuded due to mining activities as large tracts of land have lost their vegetation cover as compared to Kono (58.3%) and Lunsar (55.0%), as a result of mineral mining, by, Sierra Rutile Limited in Rutile, Octea Mining Company, Kono and SL Mining Company in Lunsar, respectively. When asked about the impact of mining on the forest ecosystem, 40% of the respondents reported that mining has resulted in the loss of forest products such as non-timber forest products like medicinal products, bush meat etc. 20% reported on the loss of ecosystem services, 16% indicated difficulty in getting wood and timber, while 13% stated loss of aesthetic values.



Results indicate that mining could be a significant driver of forest loss in the areas, both within and outside mining leases. Frelich [27] reported that mineral extraction would actively eliminate forests and eventually alter the structure of land left within the primary vegetation, so these consequences would apply to the secondary vegetation, the extent of which would depend on the number of acres involved. A report by U.S Aid indicated that between 1975 and 2013, an average of 30% of Sierra Leone forest or around 1100km2 had been degraded [28]. The intensity of mining activities in an area contributes to a massive deterioration of the forest ecosystem and decreases its enormous economic quality gradually [29,30]. In addition to deforestation from explicit drilling, settlements established around mining sites will trigger the exploitation of wood and the degradation of forest vegetation for increased demands for farming, cooking fuel, and building resulting in the loss of both primary and secondary forests. In addition to its related altered flora and fauna, mining has been recorded to have dramatically increased forest losses in nearby communities [31,32,33].



The potential effects are increased run-off, severe flooding, massive gullies, reduced soil retention, decreased groundwater restoration and consequent loss of soil fertility. These problems make it challenging to guarantee the protection of the ecosystem and sustainable utilization of natural resources. The increase in mining activities worsen and destroy the forest which contributes to regulating climate change and undermines the initiatives to Reduce Emissions from Deforestation and Forest Degradation (REDD+), making it difficult for Forestry Division to ensure sound and effective forest management in Sierra Leone.




3.4. Perceptions of the Effects on Water Quantity and Availability Due to Mining


Mining and its related operations not only consume a great deal of water, but often impact the immediate hydrological system and also influence water quality. The sources of water in these communities, included boreholes, wells, public taps, nearby streams, and rainwater. Mining activities have resulted in a severe water shortage in the mining communities. Majority, (66.7%), of the residents within the vicinity of Octea Mining Limited in Kono, reported that mining exploration had limited the access of communities to safe and adequate water, thus causing water scarcity compared to 61.7% of the respondents in Lunsar and 56.7% of the inhabitants’ in Rutile (Table 3). Regarding the impacts of water pollution on mining communities, majority (68%) of them stated that water contamination induced by mining operations contributes to a lack of water for drinking and other domestic uses, 18% suggested that it contributes to waterborne diseases, 8% suggested that it leads to the extinction of aquatic organisms such as fish, amphibians, crabs, etc. while 6% stated lack of water for irrigation purposes. According to the participants, this was due to the drying up of water bodies serving as primary water sources for domestic and agricultural uses.



One of the respondents reported,



“the biggest problem is water; there are not enough boreholes, of the six boreholes around; three of them had gone dry, and only three are functional, and the water in two of them is impure. We walk long distances to fetch water, we have reported to the council and the company, but nothing has been done in terms of maintenance (A female respondent age (48)).”



However, a diverse and massive open-cast mine has significant meteorological effects on the region’s groundwater regime. From the field site visits, it was evident that iron particles from waste dumps and mining sites were washed into nearby water bodies, such as swamps and wetlands, and some of the waste materials certainly flow into the surface, polluting both soil and groundwater in Lunsar. According to the participants, these impacts have resulted in inadequate availability of potable water for drinking and domestic purposes. Similar observation was made by Schueler et al. [34], who indicated that residents within three mining communities in the Wassa West district of Ghana had lost their water sources and now relied on (sometimes contaminated or unsecured) boreholes for domestic water uses. Garvin et al. [35] also observed that in some mining communities, water scarcity was caused by contamination of water sources and that alternative sources of drinking water were inadequate. Mineral processing could result in deliberate and accidental spills of waste water and chemicals, which may cause contamination, erosion, and affect water flow due to increased surface or groundwater removal which may have severe implications on the quantity of water available, in addition to its quality [17,36,37]. Mining firms use to spray on haul roads, conveyors, loading and unloading sites, trenches, etc., resulting in areas of communities facing the issue of depletion of groundwater supplies, contributing to water shortages and disturbing water level decline [31,38,39,40]. Due to the intermittent existence and the limited facilities in several mining communities, drinking water and sanitation facilities, like running water and portable toilets, or even dedicated places for laxation, may not exist, resulting in increased microbial pollution of drinking water resources [41]. The respondents however, noted that the companies usually send water tankers in the dries to provide water, but often they are delayed or broken down for days, which is not sustainable.




3.5. Perceptions of the Effects on Air Quality Due to Mining


Community wise, 65% of the respondents in communities in Rutile and 58.3% in Kono and 56.70% in Lunsar agreed that there was a high increase in dust release in their respective communities (Table 2). Air contamination from mining is mainly induced by airborne particulate matter and gas pollutants containing methane, sulphur dioxide, nitrogen oxides, and carbon monoxide. Drilling, blasting, hauling, loading, processing, and grinding are the main activities that generate dust.



Discussion with the participants suggested that mining has caused even more degradation of environmental quality with regards to dust and gaseous contaminants. Majority (72%) of the participants indicated that air pollution has led to respiratory illnesses like bronchitis, cough, and asthma, 14% suggested contamination of rainwater, while 10% stated that dresses get dusty. This causes concern with air emissions not only within the mining premises but also in the nearby residential neighborhood that impair ample air quality. Large concentrations of suspended particulates intensify respiratory illnesses like catarrh and asthma, while gaseous pollution results in global warming in addition to increasing public health threats. Respondents indicated that it had prevented clean breathing air of neighborhood residents, and children and people with pre-existing cardio-respiratory disease are especially vulnerable to potential impacts from reduced air quality. Similarly, it has been reported that during mining operations, dust released into the air, lowers air quality and can pollute the atmosphere leading to sicknesses such as catarrh and silicosis within and around mining residents [31,42]. Prolonged dumping of mine waste amounts to air pollution, which is dangerous to the ecology of people’s health, domestic animals, and wildlife, which has significant implications on the wellbeing of community residents, particularly women and children. In a research carried out in South Africa in schools near mine sites, these school children were found to be vulnerable to high rates of air pollution, such as SO2 in their schools. Such children have been affected by asthma attacks due to these contaminants [43]. According to a more recent study on the Environmental Impact Assessment report, dust from mining and vehicles are contributing factors which may adversely affect the air quality. It states that communities that are located in proximity to haul roads are at the highest risk, with access to vehicle emissions with potential pollutants, including PM, NOx, SO2, Carbon dioxide, Carbon monoxide, and volatile organic compounds from diesel-powered vehicles [44]. Rutile community is the most severely impacted as compared to Kono and Lunsar.




3.6. Perceptions of Noise Pollution Due to Mining


The resulting impacts of all mining operations create tremendous noise and disturbances in the mining communities. Large-diameter size, high-capacity pneumatic drilling, hundreds of tons of destructive blasts, etc. are classified as noise-prone practices. Grinding, crushing, and processing machines are being built to enable the timely processing of large quantities. Such operations are significant noise and vibration sources inside and outside the mining dwellings. Noise pollution was found to be more eminent in Kono with 60.0% of the participants indicating that noise pollution from the mine as a result of mine blast was prevalent, 53.3% of the respondents in Rutile while 48.3% of the participants in Lunsar reported an increase in noise pollution (Table 2). The difference might be attributed to the proximity of the mine site communities, haul roads, and the process of extraction. Blasting, for instance, is very common in Kono, and the mine site is located within the community (Koidu Town). This is also true for the rutile mining company. Regarding the impact of noise emissions on mining populations, some 56% of the respondents indicated that noise exposure contributes to sleepless nights, 31% stated that it contributes to similar hearing issues, and 13% claimed that noise pollution is creating anxiety and panic. In all three mining sites, the transportation of minerals from one point to another on unpaved roads results to noise pollution and increased dust release. Exposure to unsafe noise will lead to elevated pulse rates, raised blood pressure, an increase in blood flow, nervousness, sleeplessness, weakness, and severe hearing impairment [45,46]. The use of explosives to blast the mine from which the mineral is extracted is one practice among several mining firms that causes severe vibrations, which creates cracks in their residential buildings apart from the noise they produce. Overall, although there was a percent difference in opinion with regards to the impact of mining amongst the respondents, no significant differences were observed amongst the mining impacts (p = 0.3938) (Table 2) across the three mining sites.




3.7. Mitigation Measures Against Land Degradation and Deforestation in the Mining Areas


Based on the environmental conditions in the study communities, our study sought to find out intervention measures by the mining companies. This was to enable us to adequately examine the preparedness of the mining companies to address the environmental problems associated with the mining activities as part of their mandatory corporate social responsibility. In this regard, significantly (p = 0.0161), 69.2% of the respondents reported that the mining companies had not done much in minimizing their environmental impacts, whereas 30.8% of respondents indicated that the mining companies were making some efforts to mitigate the adverse environmental effects due to mining (Table 3). According to these respondents,



“……to limit the extent of water shortage/availability, the companies have constructed some boreholes, especially in Rutile and Koidu communities, which serve as a source of potable water. Other measures put in place by the mining companies include regular spraying of water on major roads within the communities to minimize air pollution from increased dust released and resettlement of the affected people”.



Measures to mitigate the adverse effects of mining on the environment in the study areas were probed. This was to enable us to adequately assess the policies of the mining companies in addressing the environmental problems associated with mining activities as part of their mandatory corporate social responsibility. From the local communities’ perspective in the study areas, 198 out of 360 (55%) had suggested rehabilitation as a measure to be in place (Figure 2). Respondents’ views were concurred by the Village Heads and the Village Development Committee Officers during the discussion, that the companies did supply seedlings that were planted in their surroundings. Nonetheless, Focus Group Discussions disclosed that local people were planting the provided trees but no follow-up from the companies were being made to assess the nature of the planted trees. Consequently, most of the planted trees left without care hence died. However, discussion with District Forestry Officers revealed that most of the trees were also dying because they were not indigenous to the areas.



All three mining companies favor rehabilitation as it was unveiled by their Environmental and Safety Officers that they have designed appropriate landforms for the mining sites according to the design principles established and establishing appropriate sustainable ecosystems. Therefore, in order to encourage environmental sustainability and maintain current levels of natural assets, including land, rehabilitation of environment commonly through tree planting is necessary to be included in the planning and decision making as an important tool. Rehabilitation returns the land to its original form and allows improved quality following a previous structural plan that does not substantially contribute to the depletion of natural resources and is coherent with the surrounding aesthetic values [47].



Reclamation was also suggested by 155 out of 360 (43%) of the respondents to ameliorate negative environmental effects due to mining (Figure 2). Reclamation is the process of restoring land that has been mined to a natural or economically usable state with the aim of preventing or minimizing adverse long-term environmental impacts, and create a self-sustaining ecosystem. Reclamation in the context of the study area involves topsoil that can be removed with a machine prior to blasting. It can be mixed with other materials even in small quantities, to provide organic matter, beneficial micro-organisms, fungi, and nutrient pools. Therefore, aspects of reclamation will be integrated into mining plans such that it is a significant controlling force in the mining operations. In this scenario, reclamation in the study area should not be restricted necessarily towards the decommissioning phase of the mining activities.



Alternatively, site reclamation should be pragmatic in such a manner that the rate of recovery is more or less parallel to that of mining. Reclamation of the land can be accomplished in the study area through restoration to integrate the mining field with the surrounding landscape. Machines can modify the mining pits to facilitate water infiltration in the surrounding landscape for replanting. Thereafter, tree planting at a density of 625 trees per ha-1 can be done after 3 to 9 weeks [48,49]. All tree species to be planted should be native to the area and selected based on various factors such as the nature of the tree, growth rate, quality of the wood and disease resistance.



Restoration, on the other hand, was also recommended, but by only 7 (2%) respondents to enhance environmental conservation around mining sites (Figure 2). Restoration’ is ‘the process of recovery of an ecosystem that has been degraded, damaged or destroyed, returning it to its original state. Restoration operation enables no flexibility in land use and entails the most substantial cost [50]. The primary concern in restoration is subsequent guidelines for land use and whether the return to pre-disturbance use is the best use of land. To extract better results on restoration, Kitula [51] stresses that environmental factors must be taken into consideration while selecting plant species for restoration. These include their soil organic matter and available soil nutrients, and capacity to stabilize the soil. Therefore, the restoration of land to the best land use for future generation by using modern technologies is decisive in the study areas.




3.8. Limitations and Bias


The research was primarily based on perception and purely subjective. Therefore, it could not be conclusive. In addition, it was done on just three mining companies in three districts in Sierra Leone, so it is important to be careful about generalizing the results to other regions throughout the country or to other nations. Nonetheless, the literature indicates that the reported results are compatible with those found in other mining companies in the country and other low-income countries in sub-Saharan Africa. In this context, it would be interesting for further studies to be conducted to include quantitative data as well as in different mining sectors in order to make the study conclusive and to compare results.





4. Conclusions and Policy Implications


Although mining serves as the nation’s source of foreign income, results indicate that rutile, iron ore and diamond mining had resulted in adverse effects on the landscape and ecosystem at large in the study areas. Amongst other factors, including corruption, illegal mining, insufficient state capacity, political interference of top government officials with company authorities behind the scene, lack of transparency in payment of royalties, taxes and greed by stakeholders, adverse environmental effects due to mining in Sierra Leone are mainly due to:



(1). Weakness in mining environmental policies and enforcement. The Environmental Protection Agency (EPA), the Mineral Agency, and other responsible authorities should address this by intensifying their implementation with a view of ensuring environmental sustainability. Ineffective environmental governance and regulatory mechanism makes it challenging to achieve sustainability. These institutions are required to improve their monitoring activities and to enforce regulatory requirements to mitigate the negative environmental effects of mining in these communities. Strengthened legislation and independent monitoring groups should be commissioned to intervene before environmental and social problems splash out of control. This is relevant because, considering several attempts and measures, the implications of mining operations have remained a considerable plight, especially for those living in the local communities, and to a larger extent. As a way of enforcing compliance, mining companies should be committed to embarking on: (a) ecological restoration measures, including rehabilitation, reclamation, and restoration measures to be in place to mitigate deforestation and land degradation that have been exacerbated by mining. As pointed out by Fayiah [52], ecological restoration should be immediate, rather waiting after mine closure; done using the recent ecological restoration approaches and by preferred plant species of economic importance, with effective community participation in environmental decision-making ensured at all times. (b) on development projects such as construction of feeder roads, provision of potable water, and other facilities within the mining edge communities.



(2). Ineffective mining edge community participation in environmental decision making. Current natural resource management requires effective community involvement in decision making. It is a core component of responsible and democratic environmental governance and a critical prerequisite for achieving sustainable development. This could be achieved through, the formation of environmental oversight groups in mining edge communities, to participate in environmental governance and ensuring environmental compliance by the mining companies. In addition, engaging in environmental awareness initiatives and/or education in mining edge communities, as a way of achieving the required balance between development/economic growth and mandatory environmental standards for community livelihoods.



These recommendations would aim to improve sustainable mining and curtail the adverse environmental impacts that threaten the viability of mining and environmental policies to achieve sustainable development in the study areas and in Sierra Leone.
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Figure 1. Map showing study areas (highlighted in yellow)–Sierra Rutile Limited (Rutile Gbangbama), Octea Mining Company (Kono–Yengema), and SL Mining (Marampa-(Lunsar). 
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Figure 2. Suggested mitigation measures against land degradation and deforestation in the mining areas. 
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Table 1. Demographic characteristics of respondents.






Table 1. Demographic characteristics of respondents.





	
Variable

	
Community

	
Total

n = 360 (%)

	
p-Value




	
Rutile

	
Lunsar

	
Kono






	
Gender

	

	

	

	

	
0.7618




	
Male

	
72(60)

	
77 (64)

	
69 (58)

	
218 (60.6)




	
Female

	
48 (40)

	
43 (36)

	
51 (42)

	
98 (39.3)




	
Age category

	

	

	

	

	
0.5452




	
18–30

	
36 (30.0)

	
33 (27.5)

	
29 (24.2)

	
98 (27.2)




	
31–43

	
53 (44.2)

	
60 (50.0)

	
62 (51.7)

	
175 (48.6)




	
44–56

	
24 (20.0)

	
17 (14.2)

	
21 (17.5)

	
62 (17.2)




	
>56

	
7 (5.8)

	
10 (8.3)

	
8 (6.7)

	
25 (6.9)




	
Educational Level

	

	

	

	

	
0.3688




	
No Formal

	
12 (10.0)

	
10 (8.3)

	
8 (6.7)

	
30 (8.3)




	
Education Basic

	
13 (10.8)

	
20 (16.7)

	
16 (13.3)

	
49 (13.6)




	
Secondary

	
50 (41.6)

	
53 (44.2)

	
56 (46.7)

	
159 (44.2)




	
Tertiary

	
45 (37.5)

	
37 (30.8)

	
40 (33.3)

	
122 (33.9)




	
Marital Status

	

	

	

	

	
0.9862




	
Single

	
46 (38.3)

	
50 (41.6)

	
38 (31.7)

	
134 (37.2)




	
Married

	
53 (44.2)

	
43 (35.8)

	
51 (42.5)

	
147 (40.8)




	
Divorced

	
21 (17.5)

	
27 (22.5)

	
31 (25.8)

	
79 (21.9)
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Table 2. Environmental problems associated with mining activities in the study areas.
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Environmental Issues

	
Mining Community/Settlement




	
Sierra Rutile Limited (Rutile)

No. of Respondents

	
% Sierra Rutile Limited Respondents

	
Octea Mining Company (Kono)

No. of Respondents

	
% Octea Mining Company Respondents

	
SL Mining Company (Lunsar)

No. of Respondents

	
%

SL Mining

Company

Respondents

	
Overall

Total Number of Respondents

	
Mean ± SE Number of Respondents






	
Community land degradation

	
75

	
61.7

	
82

	
68.3

	
71

	
59.2

	
228

	
63.1 ± 2.71a




	
Loss of vegetation/Deforestation

	
87

	
72.5

	
70

	
58.3

	
66

	
55

	
223

	
61.9 ± 5.37a




	
Dust released into the air

	
78

	
65

	
70

	
58.3

	
68

	
56.7

	
216

	
60.0 ± 2.54a




	
Reduced water quantity/availability

	
68

	
56.7

	
80

	
66.7

	
74

	
61.7

	
222

	
61.7 ± 2.89a




	
Noise pollution

	
64

	
53.3

	
72

	
60

	
58

	
48.3

	
194

	
53.9 ± 3.39a




	
p-value

	

	
0.3938








* In the last column, Means± SE followed by the same letter are not significantly different (DMRT, p = 0.05).
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Table 3. Companies’ contribution to mitigate environmental impacts.
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Response

	
Mining Communities

	
Overall Total No. of Respondents

	
Mean ± SE

	
p-Value




	
Sierra Rutile Limited (Rutile)

No. of Respondents

(% of Respondents)

	
Octea Mining Company (Kono)

No. of Respondents

(% of Respondents)

	
SL Mining Company (Lunsar)

No. of Respondents

(% of Respondents)






	
Yes

	
39 (32.0%)

	
34 (28.0%)

	
38 (32.0%)

	
111

	
30.8± 1.33b

	
0.0161




	
No

	
81 (68.0%)

	
86 (72.0%)

	
82 (69.3%)

	
249

	
69.2±1.18a








In the last column, means ± SE followed by the same letter are not significantly different (DMRT, p = 0.05).
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