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Abstract

:

Barite, used in mud formulation, is mined in several places to support the industry. However, there is insufficient literature on the downside of mining and associated hazards, especially in the artisanal barite mining sector. This paper contains three parts. The initial section reviews major causes of mining accidents and health hazards in Nigeria. The second section examines existing but weak institutional frameworks and policies for artisanal and small-scale mining (ASM) in Nigeria. In the third part, data from questionnaires and heavy metal contamination assessment are compared with health and environmental standards to identify and characterize hazards. It was observed that 54% had health challenges traceable to illicit drugs, and 54% were ignorant about the use of safety kits. The UV-Vis, AAS, and ICP-MS analyses confirmed lead, barium, zinc, copper, and iron in the water samples. Index of geoaccumulation (Igeo) and contamination factor (CF) show that water samples are moderate to highly polluted by Pb2+, Ba2+, and highly contaminated. The chronic daily intake assessment and health quotient analysis revealed that the accumulation of lead and barium is possible and can initiate chronic diseases in humans over a long time. Certain safe mining protocols and controls are recommended.
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1. Introduction


Mining is one of the world’s most dangerous occupations [1]. Over the years, many mining-associated accidents have occurred in various parts of the world, often with significant loss of life [1,2,3,4,5,6,7,8,9,10]. Such mining accidents remind us of how dangerous mining jobs can be and how explicitly hazardous underground mining continues to be [11,12]. Similarly, surface mining blasting-related risks (although not specific to underground mining operations) and their consequences could be worsened and may result in mass widespread accidents [13,14,15].



Mining accidents and fatalities among the Artisanal and Small-scale miners (ASMs) occur in the process of mining metals, minerals, and energy materials (i.e., not construction materials), as shown in Table 1. Thousands of miners die from these mining accidents each year, especially in coal and hard rock mining [16]. Although surface mining is usually less hazardous than underground mining [2,17,18], the participation of artisanal and small-scale miners in barite mining fields has increased the number of mining fatalities across the upper and middle Benue Trough. Artisanal and small-scale mining (ASM) in Nigeria employed about 0.5 million as of 2015 [19], and in 2021 over 2 million. These miners’ and mining communities’ contribution to societal development is vital. Both occupational and environmental health and safety issues must be addressed at the mines and workplaces objectively.



Heavy metal contamination due to mining and mineral processing (washing) has become one of the most silent but significant environmental side effects [28,29]. Studies in the literature have reported on acidification and acid mine drainage associated with the mining of coal, gold, and other minerals containing pyrite and galena (FeS2 and PbS) [27,30]. Barite is one mineral or ore that has not been examined to pose such a threat [28]. Barite mineral, although non-carcinogenic, may be associated with lead sulphide (PbS) and encrusted with pyrite or iron pyrite microcrystal [31,32]. Sulphuric acid mine runoff is unavoidable when barite tailings containing sulphide minerals are exposed to water and oxygen. The consequence is acidification of water and can increase the release of other heavy metals such as iron, zinc, copper, lead, cadmium, arsenic, and barium.



Previous reviews on safety and risk analysis have shown the relevance of workplace safety models in the safety-critical assessment of risks, either at mines or in any other activities where dangerous tools are used. Several safe assessment methods have been developed to address the quality and productivity of workers that sustain severe accidents at work and uncovered the adverse effect of heavy metal contaminants and other critical environmental threats to human health [33,34,35,36,37]. Researchers have examined ways to domesticate some of these advanced safe mining methods in Nigeria but with little positive results [36,38]. This is because many local miners believed the “advance” safe mining strategies have no direct correlation and cannot provide solutions to the type of mining hazard peculiar to them [19,39]. Moreover, nothing much seems to have changed regarding miners’ and government attitudes to mineral exploration. Miners appear to have nothing to worry about despite the dozens of unreported cases of mining accidents. The significance of wearing safety kits such as mining boots, hand gloves, eye goggles, and clothes specifically designated for mining only at the site should be communicated again. There is also a claim that the institutional policy guilds’ activities of artisanal and small-scale miners (ASM) caters to chemical contamination due to barite mining. However, the miners’ and mining sites’ managers are unaware of the safety data sheet, which is a minimum requirement for the operation of mines. Therefore, it is helpful to engage these local miners in discussing prevalent mining accidents and fatalities that have profound health implications and develop safe assessment methods, processes, and programs to prevent the reoccurrence of mining hazards.



This paper reviews mining activities by the artisanal and small-scale miners in Nigeria and presents safe mining strategies. It identifies mining accidents that are peculiar to artisanal and small-scale miners (ASMs), revises existing but weak and inadequate mining policy, and assesses potential mining risks to human health due to mining and social lifestyles of the miners. Questionnaires were administered to local miners (part-time and full-time) within the middle Benue Trough of Nigeria to identify hazards. Water from barite ponds and effluents was also analyzed to characterize associated risks and recommend safe mining protocols and controls, especially for the barite mining sector. Two research questions were investigated in the study. These are: (1) Certain mining accidents and their adverse effect on miners are traceable to miners’ refusal to use safe mining kits and (2) Artisanal barite mining contributes to severe heavy metal contamination. Field survey and heavy metal contamination assessment of water in barite ponds and recycled wastewater at barite mine sites validated the research questions.




2. A Review of Status of Artisanal and Small-Scale Mining (ASM) and Safe Mining Practices in Nigeria


2.1. Legal, Regulatory, and Institutional Frameworks of Artisanal and Small-Scale Mining


There are legal and regulatory documents and institutions that govern the activities of artisanal and small-scale miners in Nigeria. Figure 1 and Figure 2 show the existing legal, regulatory, and institutional frameworks for Nigeria’s mining sector. Aside from the frameworks, policy objectives guide the everyday activities within the mineral value-chain. These objectives include but are not limited to comprehensive actions on the acquisition of rights, mine ownership requirement and restrictions, minerals processing and export, transfer mineral rights, land use, environmental, mineral titles, health and safety, and constitutional law. Despite these frameworks, Nigeria’s mining sector is yet to reach its full potential [40,41,42].



Research has shown that enacting an Act and introducing laws or policies to drive Nigeria’s mining sector can strengthen the regulatory frameworks [40,41,43,44]. However, there were no prior works on health, mine safety, and mining hazard prevention procedures until March 2016, when the Nigerian government acknowledged mercury and lead (Pb) health risks. Mining accidents are not limited to chemical hazards. It also includes every form of harm against the miners, mining communities, and resources located within the mining environment. This set of rules is mandatory and must be enforced by every player within the mining and mineral business [41,42,44].




2.2. Mining Hazards in Nigeria


The sources of hazards associated with the sector include chemical, physical, and mechanical [21,45,46,47,48,49,50,51,52,53]. Major mining accidents occur due to the use of crude and sharp tools by artisanal and small-scale miners to extract minerals. Some of past and current mining hazards or accidents in different parts of Nigeria are shown in Table 2 and Figure 3. These hazards are traceable to the illegal mining and mineral extraction practices done by artisanal miners in Nigeria. Stone quarrying and solid minerals exploration dominate artisanal and small-scale mining (ASM) activities in Nigeria [45], as shown in Table 2 and Figure 3.




2.3. Safe Mining Methods for Local and Global Mining: Precautions and Control Measures


Within the last 25 years, there have been increased safety regulations, safer machinery development, training, and education initiatives for miners in Nigeria and Africa in general. However, this has not changed the fact that mining is still a dangerous profession [1]. Before discussing potential accidents and risks in mining, it is vital to consider the average miner work shift based on human resource management. Typically, miners work in a 12 h shift at the underground mine while others work throughout the whole week or remain at a mining camp for months before returning home [17]. Miners are expected to be physically, mentally, and psychologically sound and healthy to achieve overall safety in mines. Strict adherence to safety procedures such as the use of respirators, ventilation systems, and ear protectors will go a long way to reduce cases of mining accidents, injuries, and fatalities [2]. Some of the safety practices and challenges include those involving behavioural guidelines, communication, vehicle interactions, explosives, and the role of enforcement agencies [2,17,57,58,59,60,61,62].





3. Materials and Methods


3.1. Survey of Miners


The state of hazards within the barite mining industry was examined using surveying tools. Thirty-eight (38) unstructured questionnaires were distributed to miners who specialize in barite mining. Twenty-seven (27) out of thirty-five (~35) barite miners in the community completed and returned the questionnaires. The questionnaire was designed strictly as safety information-seeking procedures based on the major objective of the safety training. The questionnaire also serves as a pre-training/pre-workshop tool or quiz used to identify and assess miners’ health concerns, and to develop training manual(s)/choose efficient communication method(s) that address the peculiar needs of the miners under the study.



Approval for the research was obtained from relevant authorities. No medical procedures were observed, as no human body fluids or organs were used for any form of analysis or medical tests. The survey examines why miners refused to use mining boots, gloves, goggles, and clothes contained in the safety mining kits. The entire study attempts to assess and characterize potential health hazards caused by artisanal and small-scale mining (ASM) activities. Questions were read to miners who could not read.




3.2. Chemical Analysis and Risk Assessment


Quantitative risk assessment and health hazard analysis were done in accordance with environmental standards and procedures. Water samples were collected from abandoned barite ponds and wastewater from barite washing and stored in polyethylene bottle (PET) at room temperature. Two ml of the water samples were measured into the cuvette and filled to a mark. The dissolved elements in water samples such as Pb2+, Ba2+, Zn2+, Fe2+, and Cu2+ were analyzed colorimetrically using a Shimadzu UV-1900 UV-Vis Spectrophotometer. Tailings effluents was prepared in accordance to standards reported in [63]. The metallic content in the water samples were analyzed using atomic absorption spectrophotometer (AAS), Model: A-Analys 100. The liquid-liquid extraction method (LLEM) was employed in the absorption or digestion of the sample [64]. The elemental composition of the samples was measured using PerkinElmer ICP mass spectrometer, NexIONTM 350X. The digestates of barite tailings or extracts were diluted to 1% (100 times).



The index of geoaccumulation (Igeo), contamination factor (CF), chronic daily intake (CDI), and health risk (HQ & HI) are computed for Pb2+, Ba2+, Zn2+, Fe2+, and Cu2+ using the data from the USEPA (United States Environmental Protection Agency) and DEA (South Africa Department of Environmental Affairs). Igeo, CDI, CF, and HQ, were computed according to procedures reported in the literature. Each parameter was calculated using Equations (1)–(4) [48,56,65,66,67,68,69,70,71]


  I g e o = l o  g 2     C n    1.5 ×  B n       



(1)






  C o n t a m i n a t i o n   f a c t o r =   M e a n   m e t a l   c o n c e n t r a t i o n   C o n c e n t r a t i o n   o f   e l e m e n t s   i n   b a c k g r o u n d   s a m p l e    



(2)






  C D I    (    μ g   k g   d a y    )  =    C  M W   ×  I R     B W       



(3)






  H Q =   C D  I  n o n   c a r c i n o g e n i c     R f D    



(4)




where    C  n       is the concentration of metal in water samples,    B  n       is the metal concentration in water before the introduction of metals due to mining activities,    C  M W     is the concentration of heavy metals in water,    B W   , and    I R    are the body weight and daily water ingestion rate, HQ is hazard quotient, RfD: reference dose factor, NOAEL: No-Observable Adverse effect level.





4. Results


4.1. Characteristics of Survey Respondents


Figure 4 revealed the level of awareness of mineworkers about the minimum safety required during the mining operations. More than 92% of the miners surveyed were male, and ~64% of the miners who answered the survey were above 25 years-old. It was clear that most miners are young adults, and over 50% of the barite artisanal miners in the study have only basic school education or had no formal education. The miners’ biodata showed that many miners only understand local languages and may need to be trained on safe mining methods using local language to communicate essential details.




4.2. Health Hazards of Miners


Part of the survey sought to know the previous and present health challenges of miners within the barite field under the study. Figure 5 shows that ~54% of the miners that responded to the survey agreed they have health challenges traceable to illicit drug intake such as stimulants; 17.9% of the respondents had experienced specific symptoms such as headache, stomach-ache, body weakness, and difficulty breathing. Such health issues may be traceable to rigorous mining activities and exposure to poisonous substances [72,73]. In comparison, 28.7% argued that they do not have any health issues. Also, 53.6% of the miners were ignorant of the benefits of using safety kits for mining, while 46.4% of the miners use safety kits but not at all times. Mine workers were exposed to certain risks, either knowingly or ignorantly, and become most vulnerable to sickness, air-borne diseases, and perhaps death because of insufficient knowledge about the risks associated with the mining profession.



Miners are subjected to long-time exposure to heavy metals contamination. Water used for washing minerals accumulates in ponds near the mining sites and are used for domestic purpose. Potential oral and dermal ingestion are assessed by analyzing water from barite ponds and tailings.



The ultraviolent-visible (UV-Vis) spectra in Figure 6 identify absorbance bands showing the weak d-d transition of some identified transition metal complexes in the water samples. This indicates the formation of complexes of the transition metals in the octahedral fields as the d-orbital splits. The calibrated UV-visible spectrophotometer signifies and matches the transition metals in solution using the colour of the d-block compound. The peak absorbance wavelength of 675 nm is assigned to Cu2+, and the visible absorbance band that stretches from 960–980 nm indicates electronic excitations for Fe2+, V4+, and Ni2+. Similarly, the atomic absorption spectroscopy (AAS) identifies and measures the concentration of Zn2+, Pb2+, Cd2+, Fe2+, and Cu2+, as shown in Table 3. The result indicates that Zn2+, Pb2+, Cd2+, Fe2+, and Cu2+ as transition metal ions may be present in the water samples associated with the mining site, as indicated by the barite tailings. However, the concentration of copper and cadmium available in the site is less when compared with the World Health Organization (WHO) Standards or limits. The available concentration of lead and iron were 113.8 mg/kg and 15.6 mg/kg, respectively. In contrast, the WHO limits for these elements are pretty small, as shown in Table 3. Fe, Pb, and Cu exceed the WHO allowable limit and remain a potential threat to the mine workers and the host community.



The inductively coupled plasma mass spectroscopy (ICP-MS) results in Figure 7 shows that zinc, copper, and cadmium are below the maximum allowable limit set by World Health Organization (WHO), European Union (EU), Nigerian Industrial Standards (NIS), United States Environmental Protection Agency (USEPA), and China Ministry of Health National Standards (CMHNS) for ecological and health safety. However, the content of Fe in TB1 is relatively higher than the maximum allowable limits set by the governing standards. Similarly, Pb in TB1 is above the health and environmental risk levels recommended by the local and international agencies. This outcome indicates that the water used in the ore washing will result in water pollution and heavy metals’ ingestion if returned to rivers and streams used by people. On the contrary, there was no evidence of cadmium contamination in the digestates of mine tailings or tailing effluents in the current study, as shown in Figure 7.



Contamination assessment of mine water samples in Table 4 shows that the index of geoaccumulation (Igeo) for Ba, Cu, and Fe in TB1 is between 0 and 1. The barite ponds and rivers are moderately polluted by Ba, Cu, and Fe. Similarly, Igeo of Pb in TB1 is above 6 (≥6). This indicates Pb extremely pollutes the ponds. The contamination factor (CF) of Ba in TB2 and Fe in TB2, Zn, and Cu in both samples are less than 1 (CF < 1). This implies that the water samples are lowly contaminated by Ba, Fe, Zn, and Cu and cannot pose any substantial risk to the health of miners and residents of the mining sites.



On the other hand, the CF for Ba in TB1 and Fe in TB1 is between 1 and 2.999, and Pb in TB1 also exceeds 6 (>6). Pb moderately contaminates the barite ponds and other water resources. Also, the chronic daily intake (CDI) for Ba, Pb, Zn, Fe, and Cu in barite ponds or mine water and tailing effluents is between 1.17 × 10−5 mg/kg day and 4.47 × 10−2 mg/kg day for an adult, 1.10 × 10−5 mg/kg day, and 4.17 × 10−2 mg/kg day for children. The result presents the possible consequence of long-term exposure to heavy metals and classifies the toxicity level as acute or chronic.



Table 5 indicates that health quotients (HQs) of Zn, Cu, and Fe for the tailings (TB1 & TB2) are less than 0.1. Such HQ is classified as No risk (HQ < 0.1) and cannot lead to adverse health implications in a short time. The presence of Ba and Pb in TB2 poses a relatively low risk to health which shows that some precautionary measures should be taken to avert negative health consequences. However, Pb in TB1 contributes medium to high risk (for 1 < HQ < 4, and HQ > 4). Thus, an adverse effect non-carcinogenic risk is expected. Table 5 also shows that health indexes (HIs) of heavy metals in TB2 for adults and children are below 1. However, HIs for TB1 are greater than 1. For children and adults that drink up to 2 L of water from water sources contaminated by TB1, a cumulative HI of 5.81 indicates elevated non-carcinogenic risks (Table 5).





5. Discussion


The survey results shown in Figure 4 agree that artisanal barite mining is dominated by men (mostly young adults) and has a lower literacy level as reported on the general status of artisanal and small-scale mining (ASM) in Nigeria. Previous research has shown that artisanal miners of gold, gemstones, diamond, galena, limestone, zinc have similar gender distribution and are exposed to peculiar risks and difficult tasks associated with their profession. Miners are predominantly unskilled and semi-skilled, as observed with artisanal miners that specialize in gold, gemstone, granite, and sand mining. This agrees with the general state of several mining sites managed by artisanal and small-scale miners in Nigeria [19,74,75,76,77,78].



In the current survey, it was quite true that some of the miners felt their present medical conditions are due to factors other than mining, as shown in Figure 5. Several works reported in the literature have shown that all miners are vulnerable to mining hazards aside from previous medical conditions, except for those using complete protective kits during mining [45,73]. Artisanal miners are exposed to dust risk, which lowers the Forced Expiratory Volume (FEV) and Forced Vital Capacity (FVC). Such results have shown that miners that abuse drugs as stimulants may not experience reduced lung function (fibrosis), defective oxygen diffusion, and impaired pulmonary function in the short term. However, exposure to heavy metal contamination would further worsen the present medical conditions [19,45,73,79,80,81].



Post-survey discussion with miners reveals that artisanal barite miners do not have the financial capacity to fund bills of medical examinations. Most artisanal miners earn lower than the cost of medical treatment. They would prefer self-medication or visit a traditional medical practitioner for medical consultation and treatment as no medical facilities and personnel available. Miners illicitly use nicotine to fight body weakness and other symptoms that requires an adequate medical examination. Also, it is uncertain whether owners of mining sites offer medical care to miners as there is no part of the mining policy or institutional frameworks that compelled or enforced employers to provide for the medical care of miners. Miners are encouraged to use safety kits during mining and seek medical attention when necessary. The need for annual medical outreach to mining sites is recommended for medical counseling, diagnosis, treatments, and referral of miners with severe medical conditions to access medical facilities.



High values of HQs for Ba and Pb increase HI’s value for water sample TB1. However, the case is different for sample TB2, posing no observable hazard to human health. The use of such water for various applications and eating aquatic lives such as fishes loaded with heavy metals is unsafe. Also, the heavy metal contamination risk assessment revealed that water from barite ponds and wastewater returned into the river are contaminated by lead and barium. The chronic daily intake (CDI), health quotient (HQ), and health index (HI) for these heavy metals in the water samples suggest that an adverse effect due to non-carcinogenic risk is expected. The use of affordable water filters such as carbon filters specifically designed to remove lead and Ba will help to reduce the quantity of heavy metals consumed in drinking water.



5.1. Major Inhibitors to Safe Mining Methods in Nigeria


The foremen, managers, and owners of mining sites, mineral processors within the mining industries, and academia, as stakeholders, were interviewed verbally to identify major inhibitors to safe mining in Nigeria. The inhibitors identified include funding, lack of enforcement, infrastructural needs, and insecurity.



Project Funding: The Nigerian government has done a lot through the Federal Ministry of Mines and Steel Development (MMSD) in the reform of institutional framework, establishment of ASM Directorate, Solid Minerals Development Fund (SMDF), Mineral Sector Support for Economic Diversification Project. However, some of the stakeholders in the industry and research institutions complained that funds for the projects hardly get to the mine inspectors to develop safety procedures and protocols.



Regulations and Sanctions: Although many regulations and sanctions have been established, implementation has been lacking. Mine inspectors hardly visit mine sites, and minimal awareness is created among the miners on safety and health hazards.



Infrastructural Collapse and Decay: The infrastructural imbalance within the country has completely paralyzed the power, transportation, mines, and minerals sector of the economy. However, the outright privatization of electricity generation and distribution and rail transportation should encourage investments in mining equipment importation for local mineral beneficiation and development of mines.



Security and illegal mining: Most recent and ongoing security challenges within the middle belt, Northeastern and Niger-delta regions of Nigeria can be addressed by developing a robust corporate social responsibility program to alleviate the suffering of the people living within the mineral mining and processing communities. The enactment of the mining act and collaborations among the foreign investors and experts will assist the Nigerian government in the development of a workable mining framework and a road map significantly required for relevance within an acceptable safe mining operation [17,82].




5.2. Impact of COVID-19 on Health of Miners


The first official case of the coronavirus disease 2019 (COVID-19) pandemic was announced in Nigeria on February 27, 2020 [83,84]. In the advent of the COVID-19 pandemic, Nigeria’s mining industry experienced sudden downtime, reducing its contribution to the national gross domestic product (GDP). The recent drop-in commercial activities and demand for minerals has also worsened the situation. Also, there are cohorts of individuals facing health and financial challenges during the pandemic. Aside from the older people, miners and mining community’ respiratory health is at stake due to the fact that some miners have pre-existing medical complications [73,80,85]. There is, however, no specific data or literature on incidents of COVID-19 related cases or the death of miners. Other subsidiary concerns among the artisanal and small-scale miners, who do not have a stable income for feeding and medical tests, surround the ability to continue routine medical examination and treatment during the pandemic. Therefore, the participation of private health providers and global aid agencies is critical at this point.



In the real sense, the right time to implement innovative and strategic plans, cultivate safety information-seeking behavior in artisanal and small-scale miners (ASMs), and enforce safe mining practices to ensure that miners and the mining activities are safe, is now. Such plans are not limited to remote collaboration, adoption of digital capabilities, safety training on the use of safe mining kits, strict observance of work ethics, occupational and environmental health safety protocols, and personal hygiene in addition to local CDC protocols on COVID-19 prevention, and vaccination of miners. Also, in collaboration with the Capstone team in the United Kingdom, the Nigerian government is reassessing the existing roadmap for mineral exploration amidst new challenges and opportunities due to the pandemic [40,86,87].




5.3. Policy Imperatives and Strategies for Fostering Safe Mining


Mining in Nigeria is regulated by the Constitution of the Federal Republic of Nigeria, 1999, the Nigerian Minerals and Mining Acts, 2007. The Nigerian Minerals and Mining Regulations, 2011 are the significant regulations and policies that control the artisanal and small-scale mining (ASM) activities in Nigeria. These policies directly address issues related to mineral exploration, environmental protection, and safety [19,88,89,90]. Policies on the environment, health, and safety have been the focus of this study. Although laws should enforce strict observance of these policies for all miners, only legal holders of mineral titles can be tracked. There are reports on Nigeria’s government effort to formalize over 1.5 million artisanal and small-scale miners (ASMs) into cooperative groups [40,89,91]. However, information available to miners is limited.



Mine Inspectors and Mine Cadastral Officer are responsible for information dissimilation, but their ratio to ASMs is about 1:200 to 1:10,000. There is an urgent need to strengthen information aids and sources to formalize artisanal and small-scale miners in Nigeria. An information sharing framework can be supported by government declaration for a Miners’ Day, a public holiday entirely given to massive sensitization on safe mining issues, safety education and awareness, medical outreaches, and miners networking. Considering mining as a hazardous endeavor, formalizing ASMs into groups will ensure adequate operations management and encourage the participation of relevant stakeholders such as Medical Doctors and Paramedics, rock mechanics, and mining engineering experts. Given the above, existing policies should guarantee safe mining at all mining sites in Nigeria.



There exists a generalized future mining plan in Nigeria called Nigerian Mining Road Map, but the content only speaks to the public without any commitment to ensure its compliance. As earlier mentioned, owners of mining sites and the government are more concerned with the business of mining and not the quality of mineral extraction, safety of life, and the mining environment. The road map proposes the path to mining prosperity and not to ensuring a responsible and sustainable mineral extraction. However, as part of the plan to diversify the economy due to the pandemic, the Ministry of Mines and Solid Minerals Development (MMSD) is considering using Science and Technology in solid mineral exploitation. This includes the use of satellites for mining data acquisition for solid mineral exploration and Artificial Intelligence (Al) to ensure mining safety and efficiency of mineral processing methods. There is a need to adopt an automated safe mining strategy or incorporate mine-based technology such as mine remoting and an automated mining system. This is key to envisioning sustainable barite mining; however, a stable power supply (electricity) is needed to drive this technology contained in the mining road map.





6. Conclusions


This study identifies and reviews mining accidents peculiar to artisanal and small-scale mining (ASM) to re-iterate that mining accidents have severe consequences on miners and their environment. It revises existing but weak and inadequate mining policy, assessing potential mining risks to human health due to the mining and social lifestyles of the miners. Results show that artisanal miners are exposed to polluted water, air, and farmland. The consumption of water from barite ponds poses a relatively high risk to human health over a long period of time. Therefore, it can be concluded that mineworkers are exposed to a certain level of risks either knowingly or ignorantly due to artisanal barite mining. Adverse non-carcinogenic risks due to Pb and Ba in water and a worsening of health via illicit drug intake are expected. Operational therapy and practices such as sensitization on the danger of drugs to health, the importance of taken sufficient rest, and the use of safety tools and affordable water filter have been recommended to ensure safer artisanal mining activities. To envision the future of barite mining, detailed recommendations on the need for annual medical outreach to mining sites and the use of technology (Al) for future mining were presented. Some peculiar safe mining protocols and controls to reduce the daily chronic intake (CDI) of heavy metals in water (barite pond and tailings) are also mentioned.
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Figure 1. Legal framework for mining in Nigeria (adapted from [40]). 
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Figure 2. Institutional framework for mining in Nigeria (Modified from [40]). 
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Figure 3. Mining Hazard Map of Nigeria [24,54,56]. 
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Figure 4. Characteristics of survey respondents (barite miners) showing human participation and performance at the barite mining site. 
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Figure 5. Health and safety issues in the mining sites under study. 
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Figure 6. UV-Vis spectrograph for the elemental composition of water from the mined pits (UV-visible spectra of transition metals complexes identified in the water samples showing weak d-d absorbance bands at 675 nm and is assigned to Cu2+, and absorption bands that stretch from 960 to 980 nm posted to Fe2+, V4+, and Ni2+, respectively). 
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Figure 7. ICPMS Analysis. The concentration of heavy metals associated with artisanal barite mining (ABM) at some mining sites within the Middle Benue Trough, Nigeria. WHO (World Health Organization); EU (European Union); NIS (Nigerian Industrial Standard); USEPA (United States Environmental Protection Agency); CMHNS (China Ministry of Health National Standards). 
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Table 1. Some cases of mining hazards in Nigeria.
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	Case Study
	Damages/Sources/Causes
	Remedy
	References





	Concentration of 226Ra, 232Th, and 40K in mining dumps.
	radiological hazards, high lifetime cancer risk index
	No emerging medical health issues were observed. Regular medical Check-up of miners was recommended for early detection and treatment of potential health hazards
	[20]



	Concentration of Tl, K, Ca, Na and Mg in Au, Pb, and Zn mines’ tailings.
	High contamination index of Thallium, high ecological and health risks.
	Remediation method was recommended, awareness creation
	[21]



	Concentration of 40K, 238U, and 232Th in tailings from granite mine.
	Radiological hazard is within the permissible limit based on UNSCAR
	Bioaccumulation/transfer factor level to be monitored
	[22]



	Concentration of air-borne lead and respirable silica from dry lead ore grinding and processing
	high risk of lead poisoning, silicosis and tuberculosis
	Wet spray misting used to reduce the mean airborne Pb and respirable silica
	[23,24,25]



	Concentration of Cu, Cr, Pb, Cd and Zn in iron ore tailings
	serious non-carcinogenic health risk in children, high carcinogenic risk in adults.
	research-industry- miners nexus was advocated
	[26]



	Concentration of As, Sn, Nb, Ta and Cd in surface water and mine tailings (alluvial) soil
	moderate arsenic and cadmium Contamination and Geo-accumulation index (CI & GAI)
	enforcement of environmental and mining laws to control pollution
	







Sources: [20,22,23,24,25,26,27].













[image: Table] 





Table 2. Some mining activities and accidents in communities within the Nigerian States.
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	Mining Hazard/Accidents
	Activities/Year
	Locations
	References





	Air pollution (dusts, airborne Si, Ca), eyes damage asthma, damage to farm and cola-nut plantation
	limestone quarry, cement production, lead mining (2013 till date)
	Shagamu, Ewekoro (Ogun State), kalambana, Wumo, Kwakuti (Sokoto State), Ashaka (Gombe State), Jakura
	[21]



	Flooding, mysterious death, abandoned mines, contaminated lands, exposure to carcinogenic/radioactive substances.
	Tin, columbite and clay mining (1960 till date)
	Barkin-Ladi, Bukuru, Bossa, Riyom district (Plateau State).
	[27]



	Heavy metals water contamination, damaged ecosystem. airborne silica, land degradation
	Coal, gold, and sand mining (2010–2013)
	Enugu, Igun-Ijesha (Oguin State), Efikpo (Ebonyi State), Abeokuta, Owode, Ifo, Ado-Odo, Ofa, Ewekoro, Shagamu (Ogun State), Lagos State
	[54]



	Water and land degradation, pollutions
	Marble mining (2010–2014)
	Azara, Wuzue, Benu, Uywa, Lafia (Nassarawa) Luku, Minna (Niger State), Onyeama (Enugu State)
	[54]



	Death, mine collapse
	Gold mining
	Zawan (Plateau State)
	







Sources: [23,24,54,55].
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Table 3. AAS analysis water sample TB (completely leached tailings) showing the concentration of heavy metals at barite mining sites in the Middle Benue Trough, Nigeria (Results were compared to WHO data in [3,17]).
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Heavy Metals

	
Proportion




	
Barite Mining Site (mg/L)

	
WHO Allowable Limit (mg/L)






	
Zinc

	
3.905

	
3.000




	
Iron

	
15.6094

	
0.300




	
Copper

	
0.3024

	
2.000




	
Lead

	
113.8127

	
0.010




	
Cadmium

	
0.0008

	
0.0030
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Table 4. Contamination Assessment of Heavy metals in mines water and tailing effluents.
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	Elements
	Ba
	Pb
	Zn
	Cu
	Fe





	(Igeo)
	
	
	
	
	



	TB1
	0.344
	7.659
	–6.546
	0
	0.510



	TB2
	–1.985
	2.821
	–8.118
	–10.966
	–7.243



	(CF)
	
	
	
	
	



	TB1
	1.906
	303.2
	   1.61 ×   10   − 2     
	   9.2 ×   10   − 3     
	2.132



	TB2
	0.379
	10.600
	   5.4 ×   10   − 3     
	   1.5 ×   10   − 4     
	0.010



	(CDI) Adult
	
	
	
	
	



	TB1
	   4.47 ×   10   − 2     
	   1.78 ×   10   − 2     
	   9.45 ×   10   − 4     
	
	   7.50 ×   10   − 3     



	TB2
	   8.90 ×   10   − 3     
	   6.22 ×   10   − 4     
	   3.17 ×   10   − 4     
	   1.17 ×   10   − 5     
	   3.52 ×   10   − 5     



	(CDI) Child
	
	
	
	
	



	TB1
	   4.17 ×   10   − 2     
	   1.66 ×   10   − 2     
	   8.82 ×   10   − 4     
	
	   7.00 ×   10   − 3     



	TB2
	   8.30 ×   10   − 3     
	   5.80 ×   10   − 4     
	   2.95 ×   10   − 4     
	   1.10 ×   10   − 5     
	   3.29 ×   10   − 5     
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Table 5. Risk characteristics [Hazard Quotient (HQ) and health index (HI)] of Heavy metals in mines water and tailing effluents.
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Elements

	
Health Quotient (HQ)

	
Health Index




	
Ba

	
Pb

	
Zn

	
Cu

	
Fe






	
(HQ) Adult




	
TB1

	
   6.39 ×   10   − 1     

	
   1.27 ×   10  1    

	
   3.15 ×   10   − 2     

	

	
   1.07 ×   10   − 2     

	
   1.34 ×   10  1    




	
TB2

	
   1.27 ×   10   − 1     

	
   4.45 ×   10   − 1     

	
   1.06 ×   10   − 2     

	
   2.94 ×   10   − 4     

	
   5.03 ×   10   − 5     

	
   5.83 ×   10   − 1     




	
(HQ) Child




	
TB1

	
   5.97 ×   10   − 1     

	
   1.19 ×   10  1    

	
   1.11 ×   10   − 2     

	

	
   4.91 ×   10   − 3     

	
   1.25 ×   10  1    




	
TB2

	
   1.19 ×   10   − 1     

	
   4.15 ×   10   − 1     

	
   9.86 ×   10   − 3     

	
   2.74 ×   10   − 4     

	
   2.30 ×   10   − 5     

	
   5.44 ×   10   − 1     
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