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Assessment of Heavy Metals and Polycyclic Aromatic Hydrocarbons in Soil and Water in Selected Mining Areas of Ebonyi State

ABSTRACT
Mining activities frequently introduce hazardous compounds, including heavy metals and polycyclic aromatic hydrocarbons (PAHs), into soil and water systems, resulting in significant environmental contamination. This study assessed the levels of heavy metals and PAHs in soil and water samples collected from five mining sites in Ebonyi State: Okposi, Amasiri, Akpuoha, Isiagu, and Uburu while Afikpo served as a control site due to little or no mining activities. Using standard analytical techniques, the concentrations of heavy metals were determined using Atomic Absorption Spectrophotometer, the concentration of Polycyclic Aromatic Hydrocarbons were determined using Gas Chromatography coupled with Flame Ionization Detector and the physicochemical properties of the samples such as pH, Organic matter, total dissolved solids etc. were determined. The results revealed that soil samples contained heavy metal levels exceeding NESREA (National Environmental Standards and Regulations Enforcement Agency) regulatory limits, with arsenic ranging from 145.90 to 600 mg/kg, cadmium from 3.64 to 7.68 mg/kg, and lead from 167.44 to 252.71 mg/kg and were all above the permissible limit. Similarly, water samples from the mining sites showed elevated concentrations of manganese (0.07–0.54 mg/L) and lead (0.71–1.44 mg/L), surpassing the Nigerian Industrial Standard (NIS) limits of 0.2 mg/L and 0.01 mg/L, respectively. PAH concentrations in soil ranged from 0.091 to 1.518 µg/kg, while water samples exhibited values between 0.006 and 1.780 µg/L, with naphthalene identified as the most prevalent compound. These findings indicate that mining operations have significantly contaminated the environment especially in Akpuoha and Okposi sites, posing potential risks to both ecosystems and human health. To mitigate these hazards, pre-treatment of water, soil remediation, and enhanced community awareness are permissible.
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1.0 INTRODUCTION
Mining is the process of extraction of some useful materials from the earth crust that had resulted into some adverse environmental effects. Mining could occur at local, regional or global scales through direct or indirect mining practice (Li et al., 2014). The activities of mining industries had increased over the years due to some factors and these had subsequently increased the adverse effect of mining on human environment and ecosystem. The increase in world population ,modernization, growth in income had caused increased demand in residential and working offices or industries, transportation vehicles such as air-craft ,cars, trains ,ship ,etc and consumer products (Okeke et al., 2021a). Polycyclic aromatic hydrocarbon (PAHs) and heavy metals are widespread in various ecosystems and are pollutants of great concern due to their potential toxicity to aquatic life and because several are suspected human carcinogens, mutagens and some are suspected endocrine disrupters (CCME, 2008).  Polycyclic aromatic hydrocarbons are group of compounds made up of carbon and hydrogen compounds. They are formed mainly as a result of incomplete combustion of organic matter from both natural and anthropogenic activities (Chiu et al., 2011; Ogbuagu et al., 2021a). The emissions are largely to the atmosphere where they redistribute between gaseous and particulate phases. Among the several different PAHs already identified, sixteen are considered as priority by WHO (World Health Organization). This is because they are more harmful than the others and there is a greater possibility of people being exposed to them (Anyakora et al., 2005; Ogbuagu et al., 2021b).The priority PAHs known for their carcinogenic and mutagenic properties are: acenaphthene, acenapthylene, anthracene, benzo[a]anthracene, benzo[k]fluoranthene, chrysene, pyrene, fluorene, benzo[a]pyrene, benzo[b]fluoranthene, dibenzo[ghi]perylene, naphthalene, benzo[k]fluoranthene, indeno[1,2,3-cd]pyrene, fluoranthene and phenanthrene (ATSDR, 2015). Anthropogenic activities such as mining and metal smelting have led to increased level of heavy metals in soils and food crops cultivated within industrial areas (Li et al., 2014; Princewill et al., 2022). As reported by the Ministry of Environment Protection, about 16.1% of soils, including 19.4% of the arable lands and 36.3% of enterprise surrounding soils were over the Grade II environment quality standard (Xiao et al., 2018; Chen et al., 2018). Potential health risks due to the generation of wastes and human exposure to inhalation of dust from contaminated mining sites, ingestion of contaminated groundwater, ingestion of farm products or food crops, cannot be overemphasized. This study tends to focus on the assessment of mining activities and its effect on the concentration of Heavy metals, Polycyclic Aromatic Hydrocarbon (PAH) in soil and water around community in Ebonyi State by determining the physicochemical properties of soil and water from the mining sites,  concentration of selected heavy metals in soil and water, compare the concentration of heavy metals from the mining sites to control sites and to determine the concentration polycyclic aromatic hydrocarbon (PAH) composition in soil and water around the mining sites.
2.0 MATERIALS AND METHODS
2.1 Study area
The study was conducted in five mining sites in Ebonyi State Nigeria, namely: Okposi, Amasiri, Akpuoha, Isiagu, Uburu (Ohazara LG), and the control site (Afikpo). The sampling sites except Afikpo is historically known for its salt lake and salt mining, which has been a traditional activity for generations. The area has a tropical climate with distinct wet and dry seasons, which affects the elements distribution and soil composition. In addition to mining sites, the research area also consists of streets, roads, and industrial workshops, all of which contribute to the dispersion and buildup of elemental concentrations. Diverse vegetation, from wild flora to farmed farmlands, may also have an impact on the environment's geochemical interactions. Although salt mining is more prevalent, small-scale quarrying and mining activities involve materials like limestone and lead. The coordinates and Map of the five mining sites within the study area are represented in Table 1 and Figure 1 respectively.
Table 1 Sampling sites and their Coordinates
	Sampling sites
	Coordinates

	Okposi site
	N 06° 11.642', E 008° 08.380', 263.4 ft

	Amasiri site
	N 06° 11.042', E 008° 06.110', 149.3 ft

	Akpuoha site
	N 06° 09.929', E 008° 06.625', 161.9 ft

	Isiagu site
	N 06° 23.588', E 008° 09.784', 192.8 ft

	Uburu site
	N 06° 30.268', E 008° 16.352', 226.6 ft

	Control (Afikpo)
	N 06° 19.163', E 008° 06.559', 142.8 ft
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Figure 1: Map of Ebonyi State
2.2 Equipments
The following equipment were used: Mettler–Toledo sensitivity weighing balance, Filter paper, Atomic Absorption Spectrophotometer (AAS) (Agilent FS 240AA USA), Gas chromatography (GC with FID and ECD M910 Buck Scientific USA), Handheld environmental   monitoring, Oven (Techmel 190 England), Kjeldahl, Distillation Apparatus, pH meter (Mettler-Toledo), Fume cupboard (Calibrated), Porcelain dish, Water bath, Smart Spectrophotometer (Apel 3000 UV-VIS Spectroscopy).
2.3 Chemical reagents Used
Concentrated H2SO4, Distilled-water, concentrated perchloric acid (HClO4¬), Hexane, chloroform 85%, anhydrous sodium sulphate, Dichloromethane, Ammonium acetate (NH4CH3CO2) solution, Potassium chloride, Ethanol (95%), Sodium hydroxide, Phenolphthalein (1%) and Boric acid, Anhydrous Sodium Sulfate, Silica gel, pH 4.0 and 7.0 buffer solutions, Concentrated Nitric acid (HNO3) and Ethanol.
2.4 Samples Collection and pretreatment
Five sampling locations and a control location was randomly selected in collecting soil and water. The sampling locations are: Ohazara, Amasiri, Akpuoha, Isiagu, Uburu and Afikpo town (control sampling location).
2.4.1 Water samples collection and pretreatment 
The water sample was collected from five different sampling sites. Before collection, each sample bottle was rinsed with fresh distilled water before sampling. The same was collected from the control site, Afikpo Metropolitan (about 15 km away from the study area) where there was no evidence of mining activity. A total of 24 water samples were collected from the study and the control site. Each of the samples was promptly moved in the cool chain as a means of transportation to National Agency for Food and Drug Administration and Control (NAFDAC), Agulu, Anambra State for further analysis.
2.4.2 Soil samples collection and pretreatment
Four separate locations at each mining site, including a control site, yielded soil samples (0–20 cm depth), for a total of 24 samples. To avoid contamination, the samples were collected using a soil auger and put in previously cleaned sample bottles. Each sampling point's coordinates were recorded using the Garmin GPSMAP 76, a portable global positioning system (GPS) device that also helped in map creation. To create a representative sample for each mining site, samples were air-dried, debris was removed, and the soil was homogenized. After that, every sample was sent right away for analysis in a lab.
2.4.3 Methods of physicochemical assessment of water 
The collected water samples was analyzed using standard methods prescribed by the American Public Health Association. The pH and electrical conductivity (µs/cm) of the water samples were measured using pH meter and conductivity meter respectively. Total dissolved solids (TDS), temperature and turbidity was determined using APHA (2006). Hardness was conducted using EDTA titrimetric method. Chloride (Cl-) and fluoride (F-) was estimated using the Argentometric method. 
2.5 Physicochemical analysis of soil
The soil samples were analyzed for selected physicochemical parameters using standard methods. pH and organic matter are both important parameters that explains the migration of different forms of potentially toxic substances in soil (Li et al., 2015). 
2.5.1 Soil pH
The pH of the soil sample was determined in a ratio of 1:1 soil to distilled water ratio. 10 g of soil was weighed into a beaker and 10 mL of distilled water added, stirred vigorously and allowed to stand for 30 minutes. A microprocessor pH meter was calibrated, and then inserted into the supernatant of the soil solution and the pH of the sample was read. A buffer solution of pH 4 and pH 7 was used to standardize the pH meter. Triplicate pH values of the sample were taken.
2.5.2 Soil organic matter
Organic matter content of the soil was determined according to the method described by (AOAC, 2015). Weigh accurately 5 grams of the soil sample into a crucible. Dry for 2 hours at 105oC, record weight to ± 0.001 gram. The crucible was transferred into a furnace at 360 oC and heat for 2 hours. The crucible was allowed to cool and weighed.
2.6 Methods of heavy metal analysis of water samples
Heavy metal analysis was conducted using Atomic Absorption Spectrophotometer according to the method of American Public Health Association (APHA, 2015). 100 ml of water sample was transferred into a glass beaker of 250 ml, 5 ml of concentrated nitric acid was added and heated to boil till the volume is reduced to about 15-20 ml. Another 5 ml of concentrated nitric acid was added periodically until all the residues were completely dissolved. The mixture was cooled, transferred to a beaker, and then made up to 100 ml using metal fresh distilled water. The sample was aspirated into the oxidizing air-acetylene flame. When the aqueous sample was aspirated, the sensitivity for 1% absorption was observed. The instrument setting and operational conditions were done in accordance with the manufacturers’ specifications. The digested samples was analyzed for heavy metals (Fe, Cu, As, Pb, Cd, Mn and Zn). 
2.6.1 Methods of heavy metal analysis in soil samples
Heavy metal analysis was conducted using FS240AA Atomic Absorption Spectrophotometer according to the method of APHA 2015 (American Public Health Association). The digested samples were analyzed for heavy metals (Fe, Cu, As, Pb, Cd, Ni, Cr, and Zn). About 2.0 g of the soil samples was digested with 10.0 ml nitric acid, 15.0 ml perchloric acid and 10.0 ml hydrofluoric acid, and placed on a hot plate for 3 hours. On cooling, the digest was filtered into a 100.0 ml volumetric flask and made up to the mark with distilled water (Eze et al., 2020b). Similarly, dry powdered food crops (cassava, rice and Okra) samples was digested with 60% HClO4, concentrated HNO3 and H2SO4 (Eze et al., 2020b). Blanks were prepared to check for background contamination by the reagents used. The instrument setting and operational conditions was done in accordance with the manufacturers’ specifications. 
2.7 Extraction procedure for PAHs in water samples
Polycyclic aromatic hydrocarbons in water samples was extracted according to the method described by AOAC Method (2015). 1000ml of water sample (unfiltered) was poured into a separating flask. Then, 80 ml of dichloromethane (DCM) was added into the flask and shaken, with pressure released at intervals. The samples was allowed to stand until two distinct layers were formed in the flask. The lower layer (organic extract) of the sample was filtered into beaker through a filter paper containing glass wool and anhydrous sodium sulphate. The process was repeated two times with 20ml of the extracting solvent, dichloromethane, added. The extracts was combined and concentrated by evaporation at room temperature overnight in a fume cupboard by covering with perforated aluminum foil.
2.7.1 Extraction of PAH from soil samples
The samples was air-dried at room temperature and stones, roots and other debris were removed. The samples were then ground and sieved through a 60 mm- mesh screen. 2g of soil samples were mixed with 3g of anhydrous sodium sulfate and extracted with 20ml of dichloromethane.The mixtures was shaken vigorously for 1min using a sonicator to ensure that the solvent contracted the entire sample. Then, the upper layer of the prepared sample was filtered through a syringe filter and transferred to an autosampler vial for injection.
3.0 RESULT AND DISCUSSION
3.1 Heavy metal analysis
3.1.1 Soil sample
The result of the physicochemical parameters and heavy metal analysis are given in Tables below:
Table 2: Mean level of the physicochemical parameters and heavy metal analysis of the soil samples
	Parameters
	Okposi mining site
	Amasiri mining site
	Akpuoha site
	Isiagu
mining site
	Uburu mining site
	NESREA (2011)

	pH
	6.98±0.03
	5.95±0.05
	6.76±0.04
	6.13±0.01
	6.99±0.02
	6.5-8.5

	OM  (%)
	4.82±0.35
	4.51±0.71
	4.99±1.05
	4.77±0.55
	4.95±0.80
	NS

	Cu (mg/kg)
	350.10±20.04
	453.35±70.21
	412.44 ±55.11
	344.79±67.77
	390.87±88.61
	100.00

	As (mg/kg)
	600.0±120.11
	145.90±9.01
	294.90±39.31
	440.44±80.01
	549.11±67.67
	20.00

	Fe (mg/kg)
	31053.11±19.
	29940±101.7
	38523±321.06
	25100.34±201.1
	10054±177.22
	400.00

	Zn (mg/kg)
	1296.40±77.0
	1521.44±60.2
	1301.06±112.01
	1099.87±99.08
	999.59±77.37
	421.00

	Pb (mg/kg)
	167.44±19.92
	252.71±55.32
	192.95±55.23
	170.95±79.11
	201.75±98.28
	164.00

	Mn (mg/kg)
	683.05±66.35
	570.08±29.03
	750.62±57.08
	681.11±81.02
	598.54±33.43
	200.00

	Cd (mg/kg)
	3.64±1.07
	3.79±0.26
	4.55±0.33
	7.68±6.23
	6.46±3.73
	3.00


Results are represented as Mean ± Standard Deviation 
Legend: NS = Not Stipulated; NESREA = National Environmental Standards and Regulations Enforcement Agency; OM=Organic matter.
 As shown in Table 2, the mean pH of the studied soils ranged from 5.95±0.05 – 6.99±0.02. This suggests that the soils are mostly acidic in nature. Similar results were reported for soils studied by other researchers (Okeke et al., 2021a). Princewill et al. (2024) reported that the degree of acidity or alkalinity is considered a major variable that affects almost all soil properties-chemical, biological and physical while some organisms are unaffected by a broad range of pH values, others may exhibit considerable intolerance to even minor variations in pH. In addition, the level of acidity or alkalinity in soils determines the availability of nutrients for plant growth. Generally, the mean pH of the soils is within the permissible limit by National Environmental Standards and Regulations Enforcement Agency (NESREA, 2011). The organic matter content of the soil samples within the mining sites ranged from 4.51±0.71% to 4.99±1.05%. The organic matter content of soils could be attributed to the presence of high quantity of biodegradable waste materials (Yahaya et al., 2009). Also, organic matter content of the soil encourages cultivation on the soil by local farmers which poses health risks on humans and organisms along the food chain due to uptake of metals by some plants. Also the mean concentration of Cu in the mining sites ranged from 344.79±67.77 to 453.35±70.21 mg/kg. This was higher than the stipulated 100 mg/kg permissible limit of Cu in Nigerian soil by NESREA (2011). The mean concentration of As recorded in the studied soil samples ranged from 145.90±9.01 to 600±120.11 mg/kg which was higher than the NESREA (2011) permissible limits of 20.0 mg/kg for Nigerian soils. Mean concentration of Fe in the soils samples within the mining sites ranged from 10054±177.22 mg/kg to 38523±321.06 mg/kg. The mean concentrations of Fe reported in the soils were higher than the 400 mg/kg permissible by NESREA (2011) for Nigeria soils. Similarly, the concentration of Zn in the soil samples within the mining sites ranged from 999.59±77.37 mg/kg to 1521.44±60.02 mg/kg in the studied soils. However, the soil samples recorded mean values above 421 mg/kg permissible limit of Zn in Nigerian soil according to NESREA. Zinc is an abundant and nutritionally important element essential for both animal and man and can only become toxic to plants only at high concentrations (Udosen, 2015). The mean concentration of Pb in the soil samples ranged from 167.44±19.92 mg/kg to 252.71±55.32 mg/kg. This indicates additional source of metal contamination through anthropogenic sources. Also, the mean concentrations were also higher than 164 mg/kg limit for Pb in Nigerian soil according to NESREA (2011). Manganese mean concentrations recorded in the various mining sites ranged from 570.08±29.03 mg/kg to 750.62±57.08 mg/kg which was above the permissible limit of 200 mg/kg for soils. The mean concentration of Cd in the soils of the mining sites ranged from 3.64±1.07 mg/kg to 7.68±6.23 mg/kg which was above the permissible limit of 3 mg/kg for Cd in Nigerian soils. 
3.1.2 Water sample
The results of physicochemical parameters of water samples are given in Tables 3a and b below:
Table 3a: Mean levels of the physicochemical parameters of water samples 
	Chemical
Parameters
	Okposi mining site
	Amasiri mining site
	Akpuoha site
	Permissible
limit (NIS, 2015)

	Temperature (℃)
	30.00 ± 0.00
	30.00 ± 0.00
	33±5.20
	Ambient

	pH
	6.52±0.03
	6.63±0.05
	6.49±0.04
	6.5-8.5

	Electrical  Conductivity
	54.35±4.11
	129.80±16.96
	150.71±7.79
	1000

	TDS (mg/l)
	101.67±10.97
	338.00±19.67
	361±25.16
	500

	TSS (mg/l)
	6.37±0.47
	10.93±0.90
	14.21±1.53
	500

		Hardness (mg/l)	
	59.00±4.00
	174.33±6.66
	160±0.00
	150

	Nitrates (mg/l)
	0.04±0.03
	0.03±0.01
	0.036±0.01
	50

	Alkalinity (mg/l)
	58.78±4.23
	51.00±3.46
	64.77±1.89
	100

	Acidity (mg/l)
	24.96±3.49
	39.43±12.80
	35.00±3.00
	50

	Sulphate (mg/l)
	59.77±4.53
	91.06±2.84
	59.33±7.43
	100

	Chloride (mg/l)
	173.00±9.54
	134.33±7.9
	156.33±4.72
	200

	Fluoride (mg/l)
	0.06±0.02
	4.33±0.30
	0.04±0.12
	1.5

	Carbonate (mg/l)
	6.43±0.56
	7.36±0.38
	10.44±3.19
	20.0

	Potassium (mg/l)
	3.36±1.36
	5.35±0.56
	4.86±0.60
	10

	Calcium (mg/L)
	31.94±0.09
	52.61±0.53
	33.07±0.72
	75

	Aluminum (mg/l)
	0.30±0.13
	0.11±0.07
	0.13±0.03
	0.2

	Magnesium (mg/)
	12.04±0.18
	18.63±0.58
	16.40±0.48
	20


Results are represented as Mean ± Standard deviation 
Legend: TDS = Total Dissolved Solid, TSS = Total Suspended Solid.
 
Table 3b: Mean levels of the physicochemical parameters of water samples
	Chemical Parameters
	Isiagu
mining site
	Uburu mining site
	Afikpo town (Control)
	Permissible limit (NIS, 2015)

	Temperature (℃)
	27.67±2.08
	29.33±1.15
	36.90 ± 0.02
	Ambient

	pH
	6.60±0.01
	6.40±0.02
	3.08 ± 0.01
	6.5-8.5

	Electrical Conductivity
	149.16±1.31
	84.52±5.09
	160 ± 2.12
	1000

	TDS (mg/l)
	471±19.05
	158.67±0.58
	140 ± 10.18
	500

	TSS (mg/l)
	14.95±2.73
	9.76±0.24
	12. 54 ± 0.06
	500

	Hardness (mg/l)
	238±3.46
	76.36±5.23
	160.21 ± 12
	150

	Nitrates (mg/l)
	0.035±0.15
	0.026±0.20
	0.030 ± 0.01
	50

	Alkalinity (mg/l)
	68.48±1.50
	64.04±4.73
	59.44 ± 8.09
	100

	Acidity (mg/l)
	37.80±6.41
	44.8±53.07
	36.09 ± 0.11
	50

	Sulphate (mg/l)
	55.19±3.37
	83.85±4.16
	35.30 ± 0.56
	100

	Chloride (mg/l)
	141 ±8.15
	143.07±2.44
	71.00 ± 0.17
	200

	Fluoride (mg/l)
	0.12±0.02
	0.02±0.01
	0.09  ± 0.01
	1.5

	Carbonate (mg/l)
	8.10±0.10
	14.66±1.52
	8.90 ±0.16
	20.0

	Potassium (mg/l)
	4.77±0.86
	4.02±0.14
	5.00 ± 0.12
	10

	Calcium (mg/L)
	47.81±0.29
	34.93±0.11
	57.30 ± 0.08
	75

	Aluminum (mg/l)
	0.16±0.17
	0.49±0.32
	0.50 ± 0.36
	0.2

	Magnesium (mg/)
	11.32±0.55
	18.86±0.86
	9.06 ±0.18
	20


Results are represented as Mean ± Standard deviation 
TDS = Total Dissolved Solid, TSS = Total Suspended Solid.

The results of the water samples from the different sampling locations are presented in Table 3a and 3b and compared of the with the Nigerian Industrial Standard (NIS) permissible limit for safe drinking water. The temperatures of the water samples (27.67oC – 36.90oC) as indicated for Uburu and that of Afikpo town control with 36.90+ 0.02 were within the standard limit of ambient temperature. The pH values of the water samples which ranged from 6.40 – 6.63 were generally below the WHO permissible limit (6.5–8.5). It is of importance to note that the pH of the water samples is slightly acidic. A similar pH has been reported previously by Eze et al. (2021) and Okeke et al (2021a) about Njaba River, Imo State. Furthermore, Eze et al. (2021) attributed the low pH to the presence of acids in the atmosphere generated from decaying aquatic plants and animals. They concluded that, this could cause peptic ulcer when ingested by human beings. Researches have shown that, consuming water with high acidic content might lead to a condition of acidosis, which could result in unbalanced heartbeats or arrhythmia, electrolyte level inequality, as well as coma (Duru et al., 2017). Duru et al. (2017) explained that the pH level could significantly impact on the quality of water, because, elevated pH could cause metal dissolution in water with possible rusting effects. 
The presence of dissolved particles, which may or may not make water drinkable, is indicated by electrical conductivity (EC). Excess ionic levels are typically indicated by high conductivity readings in samples. The electrical conductivity mean values varied between 54.35 and 150.71 μS cm⁻¹. According to the Nigerian Industrial Standard (NIS), the mean values for electrical conductivity did not above the allowed maximum limits. In general, the water's aesthetic value is mostly determined by its color. Water's suitability for drinking and other household use is typically determined by its appearance and flavor (Duru et al., 2017; Enyoh et al., 2020).
Total suspended solids (TSS) and total dissolved solids (TDS) varied between 6.37 and 14.95 mg/l and 101.67 and 478.00 mg/l, respectively. These data amply demonstrated anthropogenic activity within the mining locations under study, since they exceeded the WHO allowed limit. High TDS levels in water can lead to a bad taste, more hard water, and possible toxicity from heavy metals and inorganic salts, which can cause gastrointestinal distress and kidney stress. In a similar vein, elevated TSS levels can degrade water quality and serve as a disease carrier, increasing the risk of gastrointestinal infections and other illnesses. It is noteworthy that this water is utilized for home, industrial, and agricultural uses, which raises questions regarding its fitness for human consumption.
Total hardness readings were between 59.00 and 238.00 mg/l. The Okposi and Uburu mining sites recorded mean values of 59 mg/l and 76.6 mg/l, respectively, which are within permissible limits, suggesting that the water samples from the majority of mining sites were hardly soft. According to Eze et al. (2021a), water is considered soft when its hardness level falls between 0 and 50 mg/l. However, because hard water exposes people to high doses of calcium and magnesium over time, it is known to decrease the effectiveness of soap and, in severe situations, to cause kidney stones and cardiovascular problems. The magnesium concentrations in the water samples ranged from 52.06 to 72.32 mg/l, which is higher than the NIS-permissible limit and may cause neurological disorders and laxative effects.
The water samples had nitrate and sulphate concentrations between 0.026 and 0.042 mg/l and 55.19 and 91.06 mg/l, respectively. Mining operations and inadequately maintained sanitation systems are frequently linked to nitrate contamination (Singh et al., 2012). Infants who have methaemoglobinaemia (blue baby syndrome) due to high nitrate levels in their drinking water may experience serious health problems as a result of decreased oxygen transport in the blood. High quantities of sulphates can irritate the gastrointestinal tract, produce diarrhea, and dehydrate people. Within the permissible bounds of the Nigerian Industrial Standard (NIS), the water samples' alkalinity ranged from 27.78 to 199.77 mg/l. As a buffer, alkalinity shields water and aquatic life from abrupt pH changes (Duru et al., 2017). However, the acidity levels in the water samples ranged from 24.96 to 137.8 mg/l; the Isiagu mining site had a mean level of 137.8 mg/l, which was more than the NIS maximum limit. Excessive acidity can produce corrosive water, which encourages the leaching of hazardous metals from pipes, such as lead and copper, which are connected to organ damage and neurotoxicity in people.
The water samples' chloride levels, which fell below the NIS maximum allowable limit, ranged from 143 to 173 mg/l. Fluoride levels were observed to be between 0.02 to 4.33 mg/l, with the Amasiri mining site surpassing the NIS limit at 4.33 mg/l. Prolonged exposure to excessive fluoride in drinking water can cause dental and skeletal fluorosis, which can result in tooth discolouration, bone abnormalities, and joint pain. The majority of water samples contain fluorides and chlorides, which indicates human activity-induced contamination.
The water samples had potassium concentrations ranging from 3.36 to 5.35 mg/l and carbonate levels ranging from 6.43 to 14.66 mg/l. Although there is no set limit for these components under NIS, consuming too much potassium can result in hyperkalemia, which can weaken muscles and produce irregular heartbeats, especially in people with kidney disease. The water samples' calcium contents ranged from 31.94 to 57.30 mg/l. While calcium is essential for bone production, high concentrations might cause water hardness and possibly kidney stones.
Some mining sites had aluminum concentrations over the NIS maximum allowable limits, with amounts ranging from 0.11 to 0.50 mg/l in the water samples. Long-term exposure to elevated aluminum levels has been linked to bone illnesses and brain conditions including Alzheimer's disease. According to the results, there are serious health hazards associated with some water quality metrics that are beyond prescribed levels, namely TDS, TSS, sulphates, magnesium, and fluoride. To guarantee that the water is safe for use in home, commercial, and agricultural settings, regular monitoring and suitable remediation techniques are crucial.
Table 4: Mean concentration of heavy metals in water samples
The concentration of heavy metals in water samples are given in Tables below:
	Heavy metals (mg/L)
	Okposi mining site
	Amasiri mining site
	Akpuoha site
	Isiagu
mining site
	Uburu mining site
	Afikpo town
	limit (NIS, 2015)

	Hg
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00±0.00
	0.00 ± 0.00
	0.001

	Cu
	0.29±0.04
	0.25±0.01
	0.15±0.01
	0.02±0.00
	0.02±0.00
	0.00 ±0.00
	1.00

	As
	ND
	ND
	ND
	ND
	ND
	ND
	0.20

	Fe
	0.40±0.00
	0.19±0.07
	0.16±0.06
	0.07±0.01
	0.04±0.02
	0.02 ±0.06
	0.30

	Zn
	0.40±0.00
	0.04±0.02
	0.06±0.01
	ND
	ND
	0.32 ±0.01
	3.00

	Pb
	1.44±0.02
	0.71±0.02
	0.95±0.03
	0.95±0.10
	0.75±0.28
	0.04 ± 0.01
	0.01

	Mm
	0.36±0.04
	0.15±0.05
	0.32±0.06
	0.54±0.03
	0.07±0.03
	0.14 ± 0.02
	0.2

	Cd
	0.00 ±0.00
	0.00±0.00
	0.00 ±0.00
	0.00±0.00
	0.00±0.00
	0.00 ± 0.00
	0.003


Results are represented as Mean ± Standard deviation
ND = Below Detection Limit
 	
The results of the mean levels of the heavy metal analysis in water were reported in Table 4. The Mercury content of water ranged from 0.00014 – 0.0003 mg/l; which is clearly below the stipulated limit reported for mercury content of water by the Nigerian industrial standard (NIS). Copper content of the water ranged from 0.02 – 0.29 mg/l. These levels of copper reported in the water were within the permissible limit. Arsenic was not detected in any of the water samples. The level of iron reported for the water samples ranged from 0.04 – 0.40 mg/l. These values reported were within the permissible limit set by the Nigerian industrial standard (NIS). Zinc contents in the water samples ranged from 0.00 – 32.62mg/l. Most of the mean values of Zinc were within the maximum permissible limits stipulated by the Nigerian industrial standard (NIS), except for the control location (Afikpo town); with a mean level value of 32.62mg/l which exceeded the limits set by the Nigerian industrial standard (NIS). However, zinc is an essential element due to its role in the breakdown of carbohydrate in human body. 
The level of lead reported for the water samples ranged from 0.71 – 1.44 mg/l. These observed values were significantly higher than the permissible limit for lead in water by the Nigerian industrial standard (NIS). Moreover, lead has no known biological function in the body and once it enters the body, it is known to cause severe health effects that might be irreversible. It affects almost all the major organ systems of the body like hematopoietic, renal, nervous and cardiovascular systems (Duru et al., 2021; Eze et al., 2021). Manganese levels in water samples ranged from 0.07 – 0.54 mg/l. Most of the observed values exceeded the permissible limit for manganese in water by the Nigerian industrial standard (NIS), except for Amasiri minning sites and Afikpo town (control) with mean levels of o.15 mg/l and 0.14mg/l respectively. Worthy of note is that manganese plays a vital role in fat and carbohydrate metabolism, calcium absorption, and blood sugar regulation. It is also necessary for normal brain and nerve function (Eze et al., 2021; Onwukeme and Eze, 2021). The cadmium level in the water ranged from 0.001 – 0.004 mg/l. These observed values were significantly lower than the permissible limit for cadmium in water by the Nigerian industrial standard (NIS). However Isiagu reported a mean level of 0.004 mg/l which exceeded the maximum permissible limits of the Nigerian industrial standard (NIS) for water. According to Eze et al. (2021), cadmium is a human carcinogen that causes renal disorder, and damage of the kidney. Generally, the heavy metals reported in this study when ingested above permissible limit can cause numerous health effects on humans especially children (Verla et al., 2018; Isiuku and Enyoh, 2020; Eze et al., 2021).
Table 5: Mean level of the physicochemical parameters and heavy metal analysis of the soil samples
The physicochemical parameters and heavy metals content in the soil samples are given below:
	Parameters
	Okposi mining site
	Amasiri mining site
	Akpuoha site
	Isiagu
mining site
	Uburu mining site
	NESREA (2011)

	pH
	6.98±0.03
	5.95±0.05
	6.76±0.04
	6.13±0.01
	6.99±0.02
	6.5-8.5

	OM (%)
	4.82±0.05
	4.51±0.01
	4.99±0.05
	4.77±0.05
	4.95±0.02
	NS

	Cu (mg/kg)
	350.10±20.04
	453.35±70.21
	412.44 ±55.11
	344.79±67.77
	390.87±88.61
	100.00

	As (mg/kg)
	600±120.11
	145.90±9.01
	294.90±39.31
	440.44±80.01
	549.11±67.67
	20.00

	Fe (mg/kg)
	31053.±19.44
	29940±10.71
	38523±321.06
	25100.34±201.1
	10054±177.22
	400.00

	Zn (mg/kg)
	1296.40±77.0
	1521.44±60.2
	1301.06±112.01
	1099.87±99.08
	999.59±77.37
	421.00

	Pb (mg/kg)
	167.44±19.92
	252.71±55.32
	192.95±55.23
	170.95±79.11
	201.75±98.28
	164.00

	Mn (mg/kg)
	683.05±66.35
	570.08±29.03
	750.62±57.08
	681.11±81.02
	598.54±33.43
	200.00

	Cd (mg/kg)
	3.64±1.07
	3.79±0.26
	4.55±0.33
	7.68±6.23
	6.46±3.73
	3.00


Results are represented as Mean ± Standard Deviation 
Legend: NS = Not Stipulated; NESREA = National Environmental Standards and Regulations Enforcement Agency; OM=Organic matter.
 As shown in Table 5, the mean pH of the studied soils ranged from 5.95±0.05 – 6.99±0.02. This suggests that the soils are mostly acidic in nature. Similar results were reported for soils studied by other researchers (Okeke et al., 2021a). Eze et al. (2020) reported that the degree of acidity or alkalinity is considered a major variable that affects almost all soil properties-chemical, biological and physical while some organisms are unaffected by a broad range of pH values, others may exhibit considerable intolerance to even minor variations in pH. In addition, the level of acidity or alkalinity in soils determines the availability of nutrients for plant growth. Generally, the mean pH of the soils is within the permissible limit by National Environmental Standards and Regulations Enforcement Agency (NESREA; 2011). The organic matter content of the soil samples within the mining sites ranged from 4.51±0.71% to 4.99±1.05%. The organic matter content of soils could be attributed to the presence of high quantity of biodegradable waste materials. Organic matter content of the soil encourages cultivation on the soil by local farmers which poses health risks on humans and organisms along the food chain due to uptake of metals by some plants. Also the mean concentration of Cu in the mining sites ranged from 344.79±67.77 to 453.35±70.21 mg/kg. This was higher than the stipulated 100 mg/kg permissible limit of Cu in Nigerian soil by NESREA (2011). The mean concentration of As recorded in the studied soil samples ranged from 145.90±9.01 to 600±120.11 mg/kg which was higher than the NESREA (2011) permissible limits of 20.0 mg/kg for Nigerian soils. Mean concentration of Fe in the soils samples within the mining sites ranged from 10054±177.22 mg/kg to 38523±321.06 mg/kg. The mean concentrations of Fe reported in the soils were higher than the 400 mg/kg permissible by NESREA (2011) for Nigeria soils. Similarly, the concentration of Zn in the soil samples within the mining sites ranged from 999.59±77.37 mg/kg to 1521.44±60.02 mg/kg in the studied soils. However, the soil samples recorded mean values above 421 mg/kg permissible limit of Zn in Nigerian soil according to NESREA (2011). Zinc is an abundant and nutritionally important element essential for both animal and man and can only become toxic to plants only at high concentrations (Udosen, 2015). The mean concentration of Pb in soil samples ranged from 167.44±19.92 mg/kg to 252.71±55.32 mg/kg. This indicates additional source of metal contamination through anthropogenic sources. Also, the mean concentrations were also higher than 164 mg/kg limit for Pb in Nigerian soil according to NESREA (2011). Manganese mean concentrations recorded in the various mining sites ranged from 570.08±29.03 mg/kg to 750.62±57.08 mg/kg which was above the NESREA (2011) permissible limit of 200 mg/kg for soils. The mean concentration of Cd in the soils of the mining sites ranged from 3.64±1.07 mg/kg to 7.68±6.23 mg/kg which was above the permissible limit of 3 mg/kg for Cd in Nigerian soils by NESREA (2011). 
3.2 Result of PAHs analysis
3.2.1 Water sample
The results of PAHs analysis are presented in tables below:
Table 6 Mean concentration of PAHs in water samples
	PAHs (μg/l)
	Okposi mining site
	Amasiri mining site
	Akpuoha site
	Isiagu
mining site
	Uburu mining site
	Afikpo town 

	Naphthalene
	1.780±0.26
	1.092±0.30
	0.690±0.09
	0.617±0.17
	0.188±0.13
	0.030±0.00

	Acenaphthylene
	0.231±0.02
	0.101±0.01
	0.909±0.06
	0.611±0.18
	0.077±0.03
	0.000±0.00

	Acenaphthene
	0.100±0.00
	0.099±0.01
	0.099±0.01
	0.265±0.00
	0.335±0.01
	0.000±0.00

	Fluorene
	0.006±0.00
	0.099±0.01
		0.111±0.00
	0.123±0.00
	0.077±0.00
	0.000±0.00

	Anthracene
	0.000±0.00
	0.001±0.00
	0.001±0.00
	0.002±0.00
	0.000±0.00
	0.000±0.00

	Phenanthrene
	0.200±0.00
	0.394±0.00
	0.149±0.00
	0.221±0.00
	0.099±0.00
	0.000±0.00


Results are represented as Mean ± Standard deviation
Most of the PAHs detected are among the sixteen priority pollutants. The mean concentration (μg/l) of naphthalene in the water samples ranged from 1.780±0.26 (Okposi mining site) to 0.188±0.13 (Uburu mining site). Acenaphthylene ranged from 0.909±0.06 (Akpuoha mining site) to 0.077±0.03 (Uburu mining site). Acenaphthene ranged from 0.335±0.01 (Uburu mining site) to 0.099±0.01 (Amasiri mining site and Akpuoha mining site). Fluorene ranged from 0.123±0.00 (Isiagu mining site) to 0.006±0.00 (Okposi mining site). Anthracene ranged from 0.002±0.00 (Isiagu mining site) to 0.000±0.00 (Uburu mining site and Okposi mining site). Phenanthrene ranged from 0.394±0.00 (Amasiri mining site) to 0.099±0.00 (Uburu mining site). It is of importance to note that these concentrations were much higher than the control samples. Edokpayi et al. (2016) reported PAH concentrations in river water which were significantly higher than the concentrations obtained in the present study. The PAH composition pattern by ring type showed a considerable predominance of the lower molecular weight polycyclic aromatic hydrocarbons (two-ring and three-ring PAHs). Studies have reported that water samples are mostly dominated by two-ring or three-ring PAHs (Kafilzadeh et al., 2011), and this is consistent with the findings in the present study. The occurrence of PAHs in water based on the compositional patterns (that is, the number of aromatic rings) of PAHs can be classified into low (2–3 ring), intermediate (4-ring) and high (5–6 ring) PAHs. The low molecular weight PAHs are less carcinogenic, and could be toxic to aquatic organisms while the high molecular weight PAHs are not readily bio-degraded by microorganisms and also pose a greater carcinogenic risk. The source of the PAHs in the water samples is combustion of fossil fuels. The level of PAHs observed in this study was generally higher than the permissible level of 0.05 μg/l for PAHs in drinking water (WHO 2013). This calls for serious pollution concern, as this water serves as a drinking source to most individuals living around the mining areas.
3.2.2 Soil sample
The concentration of PAHs in soil samples are given in Tables below:
Table 7: Mean concentration of PAHs in soil samples
	PAHs (μg/kg)
	Okposi mining site
	Amasiri mining site
	Akpuoha site
	Isiagu
mining site
	Uburu mining site
	Afikpo town 

	Naphthalene
	1.108±0.01
	1.327±0.01
	0.909±0.00
	1.518±0.01
	1.001±0.01
	0.001±0.00

	Acenaphthylene
	0.778±0.00
	0.542±0.00
	0.811±0.00
	0.631±0.00
	0.598±0.00
	0.000±0.00

	Acenaphthene
	0.688±0.01
	0.519±0.00
	0.444±0.00
	0.377±0.00
	0.299±0.00
	0.000±0.00

	Fluorene
	0.388±0.00
	0.099±0.00
	0.091±0.00
	0.101±0.00
	0.212±0.00
	0.000±0.00

	Anthracene
	0.200±0.31
	0.452±0.16
	0.599±0.44
	0.676±0.17
	0.199±0.09
	0.100±0.00

	Phenanthrene
	0.001±0.00
	ND
	0.000±0.00
	ND
	ND
	0.000±0.00


Results are represented as Mean ± Standard deviation 
Legend: ND = Not Detectable 
The level of PAHs in the soil samples are shown in Table 7. Most of the PAHs detected are among the sixteen priority pollutants by the USEPA. The mean concentration (μg/kg) of naphthalene in the soil samples ranged from 0.909±0.00 (Akpuoha mining site) to 1.518±0.01 (Isiagumining site). Acenaphthylene (μg/kg) ranged from 0.542±0.00 (Amasiri mining site) to 0.811±0.00 (Akpuoha mining site). Acenaphthene (μg/kg) ranged from 0.299±0.00 (Uburu mining site) to 0.688±0.01 (Okposi mining site). Fluorene (μg/kg) ranged from 0.091±0.00 (Akpuoha mining site) to 0.388±0.00 (Okposi mining site). Anthracene (μg/kg) ranged from 0.199±0.09 (Uburu mining site) to 0.676±0.17 (Isiagumining site). Phenanthrene (μg/kg) ranged from 0.000±0.00 (Akpuoha mining site) to 0.001±0.00 (Okposi mining site). According to Kadili et al. (2021), PAHs accumulate in the soil surface by adsorption because of their persistence and affinity for soil organic matter. Meanwhile, low molecular weight (LMW) PAHs are easily lost into the atmosphere by volatilization, while some are carried into the soil by water since LMW PAHs have higher water solubility than high molecular weight (HMW) PAHs (Kadili et al., 2021). The levels of PAHs concentration reported in this study was generally lower when compared to PAH concentrations from similar studies in Nigeria and other parts of the world (Hassan, 2015; Rabajczyk and Świercz, 2018). This is probably due to the mining activities as well as more natural presence of hydrocarbon containing materials in those areas.
4.0 CONCLUSION
This research has revealed the influence of mining activities on the air quality, polyaromatic hydrocarbon and heavy metal contamination on food cultivar in some communities of Ebonyi State. The pH of the soil and water samples were reported to be acidic (low pH). Although the observed pH values were within the permissible limit set by NIS and NESREA. In the water samples, the temperature, electrical conductivity, alkalinity, nitrates, sulphate, and iron were within the permissible limit. In contrast, magnesium, lead and manganese content were generally within the permissible limit. It is noteworthy to mention that consumption of water with heavy metal contamination is detrimental to human health. These values reported are a clear indication of the influence of the mining activities within the study area. Similarly, the heavy metals (Cu, As, Fe, Zn, Pb, Mn and Cd) assessed in the soil samples had concentrations slightly within the permissible limit. Also, the food crops grown within the mining sites recorded concentrations of Fe and Cd. The levels of PAHs reported in the soil and water samples in this study were also within the permissible level by the World Health Organization (WHO). It is of importance to note that the PAH contaminations were also felt but within the permissible range. Furthermore, the concentrations of the ambient air pollutants were a bit high in most of the studied mining sites in comparison to the control sites, and the humidity and temperature showed no significant variation in the mining sites. The high level of pollutants in the soil and water samples could be attributed to the mining activities within the locations. This research concludes that the continuous usage of soils within the mining sites for agricultural activities could potentially lead to the bioaccumulation of these pollutants and their eventual entry into the food chain with the associated health risks being manifested. Therefore, the local populaces who consume the water are advised to pre-treat the water before usage, and the farmers who cultivate on soils within mining areas are hereby advised on the need for remediation of the soils.
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