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Abstract

Analysis of soil were carried out on mining areas and adjourning farmlands around Gwana in Alkaleri Local Government Area of Bauchi
State. The physico—chemical analysis conducted includes pH, electrical conductivity and moisture content which was accompanied by
the geochemical characterization and quantification of the metal ions present in the soil. The pH of the soil was within the ranges from
5.6 £0.01-6.7+0.01, electrical conductivity was within the ranges of 185-290mS/cm and percentage moisture content was within the
ranges from 0.42-3.30. the geochemical characterization revealed the presences of chromium (11+0.02 mg/Kg), cobalt (0.1-2.1 mg/Kg),
copper (21.9 £0.01-92.5 +0.01 mg/Kg), iron (48 £0.01-174 +0.01 mg/Kg), lead (7.9 £0.01-215 +0.01 mg/Kg), manganese (19.8— 164.8
mg/Kg), nickel (2.9 £0.01-3.4 +0.01 mg/Kg), silver (0.4 +0.01-2.1+0.01 mg/Kg) and zinc (299 +0.01-417 +0.01mg/Kg). The concentra-
tion of metal ions of copper, lead and zinc in the soil samples collected from the study area revealed that they were excessively above
their permissible limit set by the WHO, both in the areas of active mining operations and in the adjourning farmland. Hence the conclu-
sion that the soils where contaminated as a result of the mining activities being carried out within the locality. Based on the high levels of
these metal ions in the soils analyzed from the study area, it is hereby recommended that crop samples from within the catchment areas
understudy should also be analyzed to evaluate their bioaccumulation coefficient, mobility index and their potential health risk index if
any, that may arise from their being exposed to mining activity within the area.
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1. Introduction

Globally, there is a growing increase in the volume of mining activities, leading to high level of pollution as well as the introduction of
other chemical compounds into the environment (Shrivr and Atkins, 1999). Mining of solid minerals has been identified as a major entry
point of heavy metals into the environment consequently polluting various components of the environment such as soil, water and air
(Tsafe et al., 2012). Opencast and underground mines are the commonly adopted methods of extraction of minerals from the earth, espe-
cially in developing countries like Nigeria (Ezen et al., 2011). Even after closure, these mines still pose environmental hazards by con-
taminating air, water and soil sediments from the scattered tailings, as well as pollution of underground water by discharged leachate,
unless proper remediation is conducted (Tsafe et al., 2012). Mining activities have been going on in northern Nigeria since the colonial
era, in places like Jos, and in late seventies in Zamfara mining belt (Alhassan et al., 2010).

Gwana, Alkaleri local government area, Bauchi state is also known for mining. Therefore, there is a need to assess the level of these con-
taminants within the area. There seemed to be a problem of environmental alteration, ecosystem and agricultural land destruction which
prompted the researcher to investigate the depth of these environmental impacts.

2. Materials and methods

The sample area was around the mining area of Gwana District area, Alkaleri Local Government Area, Bauchi State, Nigeria located 74
km East of Bauchi town at latitude 9.8653458 N and longitude 10.8802486 E. The soil samples were collected by the random sampling
method. Soil samples of 1 kg was collected from a depth of 0-15 cm from the mining pit, surface, adjourning farmland and a control area
where no mining is done. The composite soil samples were oven dried to constant weights. The samples were then pulverized and passed
through a 2 mm size sieve. The homogenized soil samples were stored in clean and dry containers subsequent to their digestion. About
1g of the sample was digested using the triacid mixture of concentrated nitric acid (HNO3), sulphuric acid (H2SOa4) and perchloric acid
(HCIO4) in 5:1:1 ratio as described by Ademorati, 1996). The heavy metal concentrations in the digest were determined at the Center for
Energy Research and Development, Abubakar Tafawa Balewa University Bauchi, using the Atomic Absorption Spectrophotometer. All
the reagents were of analytical grade and were used as purchased.
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Soil pH and Electrical Conductivity were determined using a Jenway 3650 pH meter. The moisture content of soil was determined by the
method described by Angeloni et al. (2006).

3. Results and discussion

The results obtained from the physico—chemical characterization of soils samples taken from locations associated with mining activities
around Gwana in Alkaleri Local Government Area of Bauchi State are resented in Table 1 below.

Table 1: Physico—Chemical Parameter of Soils Sampled at Mining Sites in Gwana, Alkaleri

Parameter Mine pit Surface soil Adjourning Farmland Control
pH 6.7 6.4 6.2 5.6
Electrical conductivity (mS/cm) 290 223 225 185
Moisture content (%) 3.30 0.42 2.80 1.92

Results of the Physico—chemical parameter shows the pH measurements of the soils that where sampled to range from 5.6 — 6.7, Electri-
cal conductivity to range from 185-290 mS/cm and moisture content to range from 0.42 — 3.30%.According to De Matos et al., (2001)
the pH and EC are vital geochemical soil parameter, with which important information can be deduced in other to understand the capaci-
ty of a soil type to retain heavy metal pollutants. Alkorta et al, (2004) had observed that soil pH is considered one of the most important
factors determining the concentration of metals in the soil solution (moisture), their mobility and bioavailability.
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Fig. 1: Physico—Chemical Parameter of Soils Sampled at Mining Sites in Gwana, Alkaleri.
The Geochemical composition of the soil samples collected at mining sites in Gwana, Alkaleri. Revealed the presence of copper, iron,
manganese, nickel lead, chromium, cobalt, silver and zinc in all the locations, while the presence of Lead was high in the mining site.
The concentrations of these heavy metals contained in soils sampled at mining sites and its environs are presented in Table 2

Table 2: Geochemical Compositions of Soils Sampled at Mining Sites in Gwana, Alkaleri.

Mining site Surface soil Farmland Control
Cu 92.5 +0.02 65.1 £0.13 56.7 +0.02 21.9 £0.03
Fe 174.0 +0.01 147.0 +0.04 49.0+0.00 48.0 +0.04
Mn 164.8 +0.01 95.6 +0.01 24.0 £0.01 19.8 +0.00
Ni 2.9 +£0.00 2.9+0.00 2.7 £0.00 3.4 +0.00
Pb 215.0 +0.02 92.7+2.00 31.9 +0.03 7.9 £0.02

The copper content ranged from 21.9 mg/Kg to 92.5 mg/Kg. The lowest values of 21.9 mg/kg was of the samples taken at the control site
and the highest value of 92.5 mg/kg was of those taken from the mining pit. Sanusi etal., (2017) have noted that copper has a permissible
limit of 98.6 mg/Kg, following this criterion it is observed that the concentration of copper in all locations were below the permissible
limit. However, citing Alloway (1995), Alshaebi et al, (2009), noting that any soil having a copper concentration greater than 20 mg/kg,
it is considered contaminated soil, which implies that the results of the analysis carried out in the study area points to copper contamina-
tion in all the location. The comparative lower level of copper in the soils taken from the adjourning farmland and control site can be
attributed to its low level of mobility of the copper ins within the soil (Wuana and Okieiman, 2011). This is a fact that Ezeh and Chukwu,
(2012) have established and attributed to the non-easily dispersal of the ions from the spot from which it is being released. Though cop-
per is an important micronutrient for plant (Thomas et al., 1998), it is only essential at low concentration and hazardous to plants, animals
and human at excessive level. According to Zarie et al. (2011), high ingestion of copper leads to liver and kidney damage. It slows down
the growth of plants and causes leaf chlorosis (Lewis et al., 2001). Therefore the area is not affected by both current and old mining ac-
tivities in respect of copper. Copper is an essential micronutrient in living organism with well define role in body metabolism, though at
elevated concentration could tend to be toxic. Copper is adsorbed to a greater extend by soils and soil constituents than most other heavy
metals with the exception of lead (Ogabiela et al., 2010).

The concentration of iron in the area ranges from 48 mg/Kg to 174 mg/Kg. all of which were well within the allowed permissible limit of
250 mg/Kg earlier cited by Fordyce et al., (2000).While these concentration of iron where out overtly high, Aubert and Pinta, (1977)
have noted that their concentration was typical of the levels of iron content found in soil samples of tropical climate zones which is at-
tributed to them been ferralitic in nature.
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The manganese content ranged from 19.8 mg/Kg to 164.8 mg/Kg, of which Fordyce et al., (2000) have cited its permissible limit to be 50
mg/Kg. Of the soils samples being studied it was noted that the concentration of manganese at the mining pit and the soil surface were
above this limit. Though, manganese is an essential micronutrients, Reeves and Baker, (2000) have however pointed out that in excess it
becomes toxic to plant, a fact which have been buttressed by Blaylock and Huang, (2000) and Boadu et al., (2000) of it reported effect on.
Worthy of note is the fact that manganese has low solubility at neutral and alkaline pH which assist in preventing its excessive uptake by
plants. Hence, its toxicity is usually associated with acidic soils (Eze and Ekanem, 2014).
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Fig. 2: Geochemical Compositions of Soils Sampled at Mining Sites in Gwana, Alkaleri.

The nickel content ranged from 2.9 mg/Kg to 3.4 mg/Kg. According to Rana (2006) the permissible limit of nickel is 40mg/kg. hence
this result shows that the soil is not contaminated by nickel. According to Gimemo-Garcia et al. (1996), apart from human activities such
as mining, that introduces nickel into the environment, factors such as acid rain facilitates it transportation and accumulation in both soil
and ground water. Yaron (1996) have pointed out that nickel ions are mostly concentrated in the top soil, especially those rich in organic
matter or with relatively high content of clay. Hence, it relatively higher concentration in the control soil samples confirms that assertion
and is also similar to what has being reported by Akko et al., (2014). Nickel is a poisonous heavy metal, Rahman et al., (2005) have
pointed out that high concentration of nickel is known to cause chlorosis in plants and in human, it leads to respiratory and skin disorder.
Yaron (1996), also noted that wide application of various types of pesticides and fertilizer may be contributor to the increased in availa-
bility of nickel in the

The lead content ranged from 7.9 mg/Kg to 215.0 mg/Kg. Of these values obtained from the study areas the concentration of lead ion in
the mining pit was above the maximum permissible level of 100mg/kg, and that at the surface was barely lower than the limit (Eze and
Ekanem 2014). However, according to Niragu (1978) the soil is considered uncontaminated when its concentration is more than 20
mg/kg. Sanusi et al. (2017), have pointed out that carbonate enhances the retention of Lead in soils surrounding mining areas, hence the
seemingly high levels of lead in the control area could be attributed to it presence. Osher et al. (2006) reported that elements such as lead
is transported in water, food and soil. It gets accumulated in plants and animals and passed across the food chain to human. Ling et al.
(2006), reported that it causes brain and kidney problem in human. Nagajyoti et al., (2010). High content of lead in plant is detrimental to
its morphology, growth and photosynthetic processes.

4. Conclusions

The concentration of metal ions of copper, lead and zinc in the soil samples collected from the study area revealed that they were exces-
sively above their permissible limit, both in the areas of active mining operations and in the adjourning farmland. Hence the conclusion
that the soils where contaminated as a result of the mining activities being carried out within the locality. Based on the high levels of
these metal ions in the soils analyzed from the study area, it is hereby recommended that crop samples from within the catchment areas
understudy should also be analyzed to evaluate their bioaccumulation coefficient, mobility index and their potential health risk index if
any, that may arise from their being exposed to mining activity within the area.
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