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ABSTRACT
The study investigated geo-accumulation concentration of heavy metal to provide evidence from the soil samples collected in eight vulnerable communities (Iperindo, Mogbara, Odo - Ijesa, Iregun, Oora, Ido - Ijesa, Unilesa campus and Isua) in Ijesaland. Samples were analyzed for heavy metal concentrations using standard laboratory procedure (Electronic Analytical Balance AA-200Ds). This enable promoting best mining and farming practices that conserve natural resources and resilience. The results revealed a significant geographical variation with significantly higher geo - accumulation of heavy metal concentration in Iperindo, Mogbara, and Odo-Ijesa axis. All the soils exceed the critical limit (Igeo = 0.11mg kg -1) of toxicity safety for Arsenic (As) and Cadmium (Cd), making the soil fertility deteriorating more quickly and with an element of cancerous health risk. However, the geo-accumulation index for Mercury (Hg) and Lead (Pb) in the samples were not only lower than the critical limit (1.00 mg kg -1) but safer except in Iperindo , Mogbara and Odo-Ijesa axis where lead (Pb) concentration (1.04 mg kg -1) high compare to others. The finding was used to characterize a less than 30% of the soil as unpolluted while over 70% are moderately polluted. In the face of environmental challenges, effort is required on natural resources management and conservation so as to avoid the soil situation being extremely polluted that will be threatened food production and ecosystem. Best practices in gold mining for sustainable agriculture that promoting public health sanity in vulnerable committees is the answer.
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INTRODUCTION
The soil ecosystem resilience is vulnerable to irreversible damage from both anthropogenic activities and natural disasters, which can devastate its physical, chemical and biological properties. Land is a limited and indispensable resource that is generally subjected to intense competition for mutually exclusive uses to support human livelihoods (Adarkwa & John, 2011 and Maluh & Kiven, 2021). The rapid socio-economic development in Ijesaland has led to significant land-use changes resulting in devastating impacts on the natural environment. The excessive use of herbicides, pesticides, and land degraded by unaware human errors and natural means may not be ideal agricultural practices. Good land-use not only reduces costs for farmers but it enhances soil carbon sequestration, helping mitigate climate change. Ijesaland in Osun state lies on agro-climatic zones, sub-mountain and low hills known for food and cash crop production. In the recent time, agriculture in Ijesaland has faced severe environmental challenges due to the climate crisis imposed by environmental abuse of mining activities with no enforcement regulations (Adegbite et al., 2023). Heavy metal concentration in soil is significantly exacerbated by the massive disposal of industrial wastes and widespread use of fertilizers and pesticides (Olasunkanmi, 2022).The severity of the current crisis undermining impact of unsustainable land use practices that rely heavily on synthetic fertilizer and pesticides as the best farm practice to consolidate the degraded farmland, and to maximize return per unit area. Sustainable development initiatives that cater for the present needs, and ensuring the ability of future generations to meet their own needs is critical (Ojo & Adebayo, 2021). However, intensified gold mining operations is identified as the primary driver of heavy metal contamination in the soil that degrades soil health and harms the environment (He et al., 2005). According to Abdu et al. (2017), the degradation of soil health and contamination of both surface and underground water is subsequent threat to human health. The leakages of heavy metals from the mining sites significantly diminish soil longevity, compromising its agricultural productivity and threatening food security (Adegbite et al., 2023). However, the economic potentialities of the gold sector remains untapped due to weak enforcement of regulation acts whereas, government needs not to be lenient with illegal miners. Ijesaland is the largest gold reservoir for abundantly and economically visible in the state but effect of gold mining activities has make life miserable for inhabitants. Land is no longer agriculturally productive and water bodies are continually contaminated resulting into severe health risk. 
In Iperindo, Mogbara and Odo - Ijesa for example, over 16,000 hectares of land are potentially contaminated while several places in Ido-ijesa, Campus area, Oora, Iregun and Isua axis have been identifies as heavily degraded sites see Figure 1 (Adegbite et al., 2023). Leakages of heavy metals from aggressiveness of mining sites in Osun state has affected food production, an indication that the mean concentrations of heavy metals (Pb, Hg, Cd, As and Fe) exceeding world average values and safe limit to toxicity.
Geo-accumulation of Heavy Metals in the Prominent Mining Sites 
Geo-accumulation is the process by which metals accumulate in environment, and the index (Igeo) is measured the level of metal contamination of an area (mg kg-1). hence, prominent mining sites in the state such as Iperindo, Imogbara, Odo - Ijesa, Oora, Iregun, Ido - Ijesa, Campus area and Isua were analysed for the source and distribution of heavy metals ( As, Hg, Pb, Cd, and Fe) in the soil samples using Atomic Absorption Spectrophotometer to determine impact of mining operations on bio-geochemical component of the soil. Heavy metal by simple definition is metallic element with relatively high density in contrast with water that is dangerous in elemental forms. Examples are Arsenic, Cadmium, Lead, Iron, and Mercury. Mathematical representation of measuring level of contamination according to Emurotu & Oniawa, 2017) is 
Igeo =   log 2         Cn
                           1.5 x ᵦn	
Where Cn = concentration of metal in the soil 
ᵦn = geochemical background of the same metal
1.5 = background matrix correction factor
Igeo = determine if a site is unpolluted, moderately polluted or extremely polluted
Sustainable Natural Resource Management
Ideal agricultural practices that require a change in behaviour, knowledge, skills and capacities of people to help build their resilience that ensure a sustainable natural resources management are: Planting earlier maturity varieties, Planting drought - tolerant crops, Practicing crop diversification, Practicing crop rotation system as pest control measures, Resuscitating degraded land by planting of trees, and Protecting wildlife is crucial to ecosystem services while maximizing crop production  
OBJECTIVE
Specifically, the study is designed to:
determine the degree of geo-accumulation concentration of heavy metals in rural soils and its implications on the rural livelihoods.
ascertain the health status of the rural soil in the study area
THE STUDY AREA
The study covered Ijesa sub - region of Osun state in the south west of Nigeria. The area is located between longitude 3.420Eand latitude 8.920N. It is a region of tropical rain forest. Its specific climate is called tropical hinterland with the climate parameters of high temperature throughout the year. Before the advent of climate change, the maximum temperature used to be between 260C - 270C and minimum 180C or 190C. It is a region of heavy down pour which can come at any time of the day especially during the rainy season. Raining season comes between March to October and dry season November to February. The area has numerous ridges and isolated highlands, the local climate and geomorphic and the edaphic factors have influence on the population distribution, human activities, and the settlement structure of the area.
Ilesa is the only urban centre all other settlements covered by the study and beyond are rural areas that surround it leading to a core - periphery model of Friedman (1966) PanGeography (2023). Aside farming, mining is also another primary production going on in the study area. Both mechanized and the artisanal mining is seriously going steadily in the area. There are numerous locations outskirts of Ilesa town especially the University of Ilesa surroundings, other areas include: Iperindo; Mogbara; Odo - ijesa; Ido - ijesa; Isua; Iregun; and Oora. The study area has therefore in no measure been affected by the mining activities; there is a high scale land degradation, acute water pollution and soil pollution and untold deforestation etc.These activities do not only result into environmental degradation but also pose significant public risks, as toxic contaminants like Lead (Pb), Arsenic (As), Mercury (Hg), and Cadmium (Cd) accumulate in the soils of the vulnerable communities selected. The soil composition consisting of sand and clay with fertile alluvial deposits provides a suitable foundation for arable and cash crops production in the selected communities. 
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            Fig. 1 Map of Osun State Showing Ijesaland

METHODOLOGY
Soil samples were collected from the mining sites at a depth ranging from 0 - 40 cm from the 8 vulnerable communities that include; Iperindo, Mogbara, Odo - Ijesa, Iregun, Oora, Ido - Ijesa, University Campus Area, and Isua. The samples were carefully stored in polythene bags separately and transported to the laboratory for trace metal analysis adopting electronic analytical balance AA - 200DS. About 0.5kg of each sample grounded and accurately weighs into digestion tube. 6ml aqua region and 1.5ml H2O2 introduced into the digestion tube, and later in a digestive furnace (Model:KDN - 20C China) and heat to 1800C for 3hrs. It is then filtered after being cool through whatman No.24 filter paper and diluted to 50ml distilled water. Each sample digested in replicates of five and transferred to acid wash stopper glass bottle. The digested samples were determined for the concentrations of heavy metals using a flame atomic absorption spectrophotometer. The final concentrations of the metals in the soil sample were calculated adopting (Uwah et al., 2012).
Concentration (mg/L) x V
Concentration (mg kg -1)            =
W
Where V = Final volume (50ml) of solution, and W = Initial weight (0.5g) of sample measured.
RESULTS
The finding in the Table 2 reveals significant geographical variations with a significantly higher geo - accumulation concentration of heavy metals in Iperindo/Mogbara/Odo - Ijesa. The range of Arsenic (As) in Iperindo/Mogbara/Odo - Ijesa, Oora/Iregun, Ido - Ijesa/Campus area, Isua rural soil exceed (Igeo = 0.11 mg kg -1) the critical limit, see Fig. 2. The implication as in Figs 3 and 4 is that fertile land is deteriorating more quickly and inhabitants are susceptible to high risk of skin cancer and tumour, as it reported Olasunkanmi, 2022. Soil health is the soil quality used to express the status of the soil ability in the ecosystem using critical limit (Physio - chemical parameter) for heavy metals by US Environmental Protection Agency adopted from He et al. (2005) in agricultural soils (mg kg-1). Also, Cadmium (Cd) in Oora/Iregun (0.92 mg kg -1) was a little higher than what is obtained in Ido - Ijesa/Campus area (0.88 mg kg -1). Cadmium (Cd) in Iperindo/Mogbara/Odo (0.75 mg kg-1) and Isua (0.66 mg kg-1) were greater than the critical limit. However, it was observed that, the geo - accumulation index of Mercury (Hg) and Lead (Pb) present in all the sample collected were not only lower than the critical limit (1.00 mg kg-1) but safe except in Iperindo/Mogbara/Odo area where Pb concentration (1.04 mg kg -1) is little greater when compare to others. According to Mohammed (2023), Lead (Pb) and Lead poison cause disability in learning and impaired development in children. The majority of the heavy metals (As, Cd, Hg, Pb and Fe) in rural soils of Ijesaland are considered as trace elements because of their presence in trace quantity. Meanwhile, there were other significant intervening metals like Zinc (Zn), Manganese (Mn), Tin (Tn), and Copper (Cu) that are present in rural soils.
Based on geo - accumulated index obtained, over 70% rural soils in the study area is characterized as a moderately polluted while less than 30 % is classified as unpolluted adopting (Igeo< 0 or > 1). This can be inferred that; any further increases in the geo - accumulation concentrations to either strongly or extremely polluted, it may bring severe catastrophic to food security and high risk to public health because of their magnitude effect of toxicity, and these metals (As, Cd, Hg, Fe & Pb) are rank among the priority metals which are of great public health risk. Heavy metals have been reported to affect cellular organelles and components such as cell membrane, mitochondrial, lyzosome, endoplasmic, reticulum, nuclei and enzyme (Mohammed, 2023).

Table 1: Regulatory Standard of Heavy Metals in Agricultural Soil			
	Heavy Metals
	Critical Limit
(mgkg-1)

	Arsenic (As)
	0.11

	Candmium (Cd)
	0.48

	Mercury (Hg)
	1.00

	Lead (Pb)
	2.00


US EPA Regulatory Standard

Table 2: Geo-accumulation of Heavy Metals in the Sample Sites
	Sites
	 Arsenic
 Igeo (mgkg -1)
	Cadmium
  Igeo (mgkg -1)
	   Mercury
    Igeo (mgkg -1)
	     Lead
    Igeo (mgkg -1)

	Ido - Ijesa/University Campus Area
	1.03
	0.88
	0.33
	0.94

	Iperindo/Mogbara/Odo
	1.21
	0.75
	0.64
	1.04

	Oora Ijesa/Iregun Ijesa
	0.75
	0.92
	0.56
	0.94

	Isua
	1.28
	0.66
	0.31
	0.88


Igeo = Geo-accumulation index of Heavy Metals
Source: Adegbite et al., 2023 field work








Fig.2 Geo-accumulation of the Heavy Metals in the Sample Sites 2023
CONCLUSION
As a matter of importance, healthy soil sustains plant life and supports biodiversity which enhance nutrient cycling and carbon sequestration that resulting in high crop yield and quality. It brings about sustainable farming, environmental benefits and food security. Based on the result of the analysis it can be concluded that soil water available for plant growth in the vulnerable communities is contaminated with heavy metals, and the level of contaminants are moderately polluted and found within the US Environmental Protection Agency regulatory standard. Though there is likelihood for future rise in the concentration of the contaminants present in the soil if adequate measures are not put in place, and that may exceed World average value and safe limit to toxicity. However, that may be dangerous to crop growth and the public health. I thereby suggest that anywhere mining of gold has taken place, the surface area should be covered up with topsoil to revolutionize and planting of trees must follow to give room for biodiversity and wildlife regeneration.   
RECOMMENDATION
It is therefore recommended that, there should be adequate awareness on sufficient resource management practices to gold miners and best agricultural practices for farmers through effective extension delivery system because adoption of innovation and best agricultural practices will not only boost productivity but streamlining mining operations for a better crop yield and quality, and this is in tandem with (Yusuf et al., 2018)
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Fig. 3 Isua


    	    Fig.4   Imogbara/Iperindo/Odo - Ijesa  
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