DETERMINATION OF PHYSICOCHEMICAL AND HEAVY METAL CONTENT OF SOIL AROUND THE VICINITY OF SELECTED INDUSTRIES IN KADUNA METROPOLIS




The soaring trend of environmental contamination by heavy metals is a global issue. The continual monitoring of soils around industrial areas becomes necessary. The present study focused on the physicochemical and heavy metal concentration in soil around the vicinity of selected industries in Kaduna metropolis. The mean pH, electrical conductivity, % organic matter, % sand, % clay and % silt obtained were 7.16±0.35, 362.60 ±10.7µS/cm, 2.92±0.50, 76.50±0.81, 17.79±5.51 and 6.13±1.65 respectively. The mean concentrations of the heavy metals investigated ranged between 26.89±0.36 – 77.18±0.40 µg/g for Pb, 29.25±0.7 – 44.20±0.35µg/g for Cr, ND – 1.5±0.02µg/g for Cd, 134.63±1.10 – 217.96±0.16 µg/g for Zn,
9.58±0.7–74.45±0.20µg/g for Cu, 92.14±0.20 – 200.8±0.31 µg/g for Mn and 1185.80±4.66
– 2488.00± 2.37 µg/g for Fe respectively. The highest concentration of Cr in the sampling areas was obtained at the vicinity of textile industry. The concentration of Fe was much higher than those of other elements. Cd was not detected in some of the soil samples. The concentrations of the metals were in the order Cd<Cu<Cr<Pb<Mn<Zn<Fe. The results of geoaccumulation index and enrichment factor showed that the soils were moderately contaminated with most of the metals investigated. The concentrations of the metals examined were significantly higher than the control, which also implied contamination due to anthropogenic contribution. Inter-elemental correlation matrix showed significant positive correlation of Pb with Cr and Mn, but negative correlation with Cd. Pb, Cd and Cu also showed a significant positive correlation with total organic matter of soil. Planned monitoring of the discharge of industrial effluents into the environment as well as avoidance of agricultural activities around the vicinity of these industries was recommended.

CHAPTER ONE

1.0 INTRODUCTION

1.1 Background of the Study

Industrialization and urbanization have promoted socio-economic development. However they have also led to varieties of environmental hazards. This is because the soaring trend of industrialization has engendered significant environmental pollution (Ghosh and Singh, 2005; Sayyed and Sayadi, 2011).
Heavy metals are metals that are non biogradable and are widely distributed in the environment (Campbell, 2006). The fact that they are not detoxified readily or removed by natural processes once they are present in the environment makes them potential environmental pollutants. Environmental pollutions due to heavy metals is usually as a result of human activities that are associated with industrialization, fuel combustion or other reactions driven by temperature and related to vehicular performances (Eruyogho, Okuo and Ndiokwere, 2007). Various metals such as zinc, cadmium, copper, and lead used as additives in fuel are discharged into the air and are carried to soil by rainfall and wind (Kabata and Pendias, 2001). Heavy metals are naturally part of the environment, however, metals such as arsenic , nickel, mercury, cadmium, and lead do not have any known or reported biochemical importance and their appreciable concentration could constitute significant lethal hazards (Seaward, 2004).
The total content of heavy metals in the soil and plant does not necessarily correspond to their bioavailability in the environment. The bioavailability of heavy metal depends on the properties of the soil. Such soil parameters include pH, organic matter content, texture, clay
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content, sulphate, carbonate, and hydroxide content (Gosh and Singh, 2005). The prominent environmental issue associated with the release and dispersal of industrial wastes produced by manufacturing processes is soil pollution. Controlled and indiscriminate dispersal of wastes from industrial activities, extraction and processing of metaliferous ores, application of sewage sludge to agricultural soil are responsible for the contamination of our ecosystem (Gosh and Singh, 2005). As trace elements, trace metals such as zinc, cobalt, and copper are necessary for maintaining the body physiological processes. However, at higher concentrations, they constitute significant toxicity. Contamination of soils by metals may be wide spread in urban areas due to industrial activities and combustion of fossil fuel. Prolong and indiscriminate exposure to heavy metals such as lead, cadmium, copper, zinc and nickel can cause deleterious health effect to plants and animals (Kabata and Pendias, 2001).
Varieties of inorganic and organic compounds cause pollution of the soil, especially through the action of rainfall. Their decay results to malodorous effect thereby, constituting health hazards (Ogbonna, Igbenije and Isirimah, 2006). The major components of these compounds include heavy metals, hazardous materials and petroleum based products (Eruyogho, Okuo and Ndiokwere, 2007). Organic contaminants are readily biodegraded through soil microbial activities; trace metals on the other hand need immobilization or physical removal because metals at high chemical content are poisonous and can result to physiological damages by free radical formation (Henry, 2000). This may reduce the effectiveness of the land for the growth of plant and also constitute danger to biodiversity. Also, soil plays an indispensable role in biogradation of wastes thus acting as a natural store-house for the intake of ions and as a medium for the restoration of natural vegetation (Seaward, 2004).

Heavy metals present in the air are then transferred into the soil through precipitation and fallout (Jagrati, 2012). Soil pollution with heavy metals can bring about the bioavailability of the metals for plant uptake which can eventually cause harm to human and animals. Heavy metals are the most harmful and insidious pollutants because they are not biodegradable and have the tendency to cause harm beyond a certain level of exposure.
1.2 Statement of the Research Problem

The indispensable role played by industrialization in economic and social development of any nation cannot be overstated, hence the assertion that no nation can grow beyond the level of its industrialization (Jonathan, 2010). However this skyrocketing trend in industrialization has not left the environment unpolluted (Onianwa, 2001). Among the various pollutants that are released into the environment through industrial processes and related sources, heavy metals constitute one of the major groups of pollutants. Various researchers have reported a continuous rise in heavy metal content of soil (Iyaka and Kakulu, 2012). The continual rise in the concentration of heavy metal in the environment therefore constitutes a significant problem. From the foregoing, there is an increasing need to monitor the extent of soil contamination by these metals especially the toxic ones around industrial areas.






1.3 Justification of the Study

Kaduna has witnessed influx of people from neighbouring states as capital of Kaduna state. This is due to the concentration  of industries in the metropolis. Although much study has

been carried on the concentration of heavy metals in soils around industrial areas of various cities, there is still need to continually monitor heavy metal loads on these areas due to changes in production processes and use of materials which could bring about change in heavy metal loads released by these industries to the environment.
In view of this, it is necessary to investigate the concentration of heavy metals in soils around the vicinity of industries in this area. The findings from the study will no doubt provide useful information on rate of mobilization of heavy metals into the environment thus serving as a useful input into the global quantitative inventory of land-based cause of pollution by the metals. The study will accentuate the need for a more constant monitoring of the concentration around industries. It will also facilitate the formulation of more appropriate and reliable guidelines, limitation standards and other environmental management measures within feasible framework. Furthermore, findings from such quantitative study will serve as a baseline data for future monitoring of soils around industrial area of Kaduna and other areas producing similar products.











1.4.0 Aim and Objectives

The aim of this study is to determine the physicochemical properties of the soils and concentration of some heavy metals present in soil around the vicinity of some selected

industries in Kaduna. The above stated aim will be achieved through the following specific objectives:
1. To determine the concentration of heavy metals in soils in the vicinity of the selected industries.
2. To compare the concentration of heavy metal in the soil of the study area with the maximum value allowed by international standards.
3. To ascertain the effect of industrial activities on the physico-chemical properties of the soil in the study area.
4. To make recommendations based on findings from the study area.























CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 The Concept of Heavy Metals

Generally, metals are usually identified and differentiated from non-metals by their physical properties such as: the ability to allow the passage of heat, and a resistance that is directly proportional to temperature, ductility and malleability (Housecroft and Sharpe 2008; Muller, 2007). However the physical properties are lost after the chemical transformation of the metal into a chemical compound that can be absorbed by plants (Klaus, 2000).
Defining heavy metals might look simple and straight forward on first sight: they are metals that are “heavy”. Thorough examination has revealed the difficulties associated with the definition. The definition shows the prominence of density; however, this physical property is not relevant in case of living organisms (Duffus, 2002; Klaus, 2000).
According to Lenntech (2004), heavy metal is a metallic element that is relatively dense and is poisonous even at trace concentration. “Heavy metal” is a generic concept, which refers to a group of elements (metals and metalloids) whose density is more than 4g/cm3. However the chemical properties are more relevant than density. Heavy metals include elements such as Mercury (Hg), Cadmium (Cd), Copper (Cu), Arsenic (As), Silver (Ag), Lead (Pb), Iron (Fe) and Chromium (Cr) (Zhang, Yan, Zheng, Devkota, Shrestha and Yao, 2012; Akbar, Hale, Headley, and Athar, 2006).




2.2 Chemistry of Heavy Metals

Proper understanding of the speciation, bioavailability and remediation options of heavy metals requires a basic knowledge of their chemistry, effect on environment and health

implications (Luilo and Othman, 2006). Some properties of selected heavy metals are discussed.
2.2.1 Lead

2.2.1.1 Properties and Occurrence

Lead is a metal that belongs to the group IV and period 6 of the periodic table. Its atomic mass, atomic number and density are 207.2, 82 and 11.4g/cm3 respectively. It also has a melting point of 327.4°C and boiling point of 1725°C.
In its natural form, it occurs as a bluish-gray metal usually in combined form with other elements like sulphur in minerals (i.e. PbS, PbSO4) and ranges from 10 to 30mg/kg. Basically, the concentration of lead in surface soils globally averages 32mg/kg and it exists in various forms such as hydroxides, oxides, and ionic lead and oxylanion complexes of lead. These are the general form of leads that are discharged into the soil, surface and underground waters (Luilo and Othman, 2006). The most stable forms in which lead exist are Pb (II) and lead hydroxide complexes. Pb (II) is a very common and highly reactive form of lead. There are a number of lead based organic compounds such as tetraethylead, in addition to inorganic compounds of lead. The level of toxicity and environmental effect of organolead compound are specifically well known because of the previous wide spread distribution and utilization of tetraethyl lead as a very important additive in gasoline.
2.2.1.2 Toxic Effect of Lead

Inhalation and oral consumption are the two common pathway of exposure to lead. Both routes have similar effect. Lead accumulates in vital body organs such as kidney and brain,

which can lead to poisoning (plubism) and eventually death at higher concentration. The presence of lead can also cause damage to the centranervous system and gastrointestinal tract. Exposure of children to lead causes mental deterioration, decline in IQ, poor development, hyperactivity and lower attention span, with those below six being more vulnerable to the risk. In adults, some of the effects of lead include: loss of memory; insomnia; nausea among others. Lead has no known function in the body system of living organisms. Its toxicity has been studied comprehensively than any other heavy metal (Baldwin and Marshall, 2009).
2.2.2 Copper

2.2.2.1 Properties and Occurrence

Copper is a transition metal and belongs to group IB and period 4 the periodic table. It has atomic number and atomic weight of 29 and 63.5 respectively. It has a density of 8.96g/cm3, and melting point of 1083°C. Copper is an important material in various industrial and agricultural processes where it has several applications. It is an essential material in the manufacturing of antifouling paints, textiles, cooking utensils, pipes and many other related products (Sandra, 2011). The background content of copper in the soil is dependent on the compositions of the parent material as well as the various processes of the soil formation (Kabata and Pendias, 2001).



2.2.2.2 Toxic Effect of Copper

Copper in high concentrations can result to anaemia, irritation of the stomach and intestine as well as damage of the liver. Copper occurs normally in domestic water from copper pipes,

as well as from the use of chemical for control algal growth. Though the interaction of copper with the environment is complex, findings from various studies have shown that most copper realeased into the environment is rapidly converted into stable form which does not constitute damage to the environment. In fact, unlike some materials, Cu is not magnified in the body or bioaccumulated in the food chain (Martinez and Moto, 2000).
2.2.3 Zinc

2.2.3.1 Occurrence and Properties

Zinc belongs to period 4 and group IIB. It is a transition metal with atomic number and mass number of 30 and 65.4 respectively. Zinc naturally occurs in soil, about 70mg/kg in crustal rocks (Zhuang, Lan and Shun, 2005). Zinc content in the environment is increasing unnaturally due to anthropogenic influence. Zinc is mostly released into the environment during industrial activities, such as mining, steel processing as well as combustion of fossil fuel. Many food items usually contain certain amount of zinc. Zinc is also present in drinking water and its concentration may rise due to storage in metal tank. Industrial sources or toxic waste site may cause the concentrations of the Zn in drinking water to reach level that causes health hazard. The accumulation of zinc in most soil is usually on the surface horizon, this is due to the formation of bonds with the soil organic matter in most soils (Kabata and Pendias, 2001).



2.2.3.2 Toxic Effect of Zinc

The production and use of Zn based material is still on increase globally, this implies that more Zn will end up in the environment. Water is polluted by Zinc as a result of the presence of large amount of zinc in water released from industries. The acidity of water may rise due to the presence of Zinc. Aquatic organisms could also concentrate Zn in their tissues when they live in lead contaminated water. Biomagnifications of zinc occur along the food chain when it is accumulated in the bodies of these fishes. Water soluble Zn that is found in soil can result to the pollution of ground water. Plants also absorb this zinc enriched solution. It can also interrupt with the activities of soil as it negatively affects microbial activities, thus retarding the decomposition of organic materials (Greany, 2005).
2.2.5 Chemistry of Chromium

2.2.5.1 Occurrence and Properties.

Chromium is a transition element with atomic mass of 52 and atomic number of 24. Its boiling point and specific gravity are 2672°C and 7.18-7.20 (20°C) respectively. Its shows a variable oxidation state of 2,3 or 6. It occurs in its natural form in the environment and is found in rocks, plants, animals and soil. Chromium is also found in combined form with other elements as salts, some of which are soluble in water. Metallic form of Chromium in its pure form is hardly found naturally. Chromium does not undergo evaporation, but it can be present in air as particles. Due to its elementary nature, chromium does not undergo degradation nor can it be decomposed. It is a vital element in the making of steel and other materials, for electroplating, and as an additive to minimize the corrosion of metals. Its name is from it coloured compounds. The use of Chromium for making dyes and pigments

for paints, tan leather, making of bricks, and as preservative for wood is well known (Household Food Security, 2005).
2.2.5.2 Toxicity of Chromium

Chromium shows varying level of toxicity which depends on its oxidation state. Chromium in its hexavalent form is more poisonous than the trivalent form. The compounds of Cr (VI) readily penetrate the cell membranes when compared to the Cr (III). After it passage across the cellular membrane, the reduction of Cr (VI) to Cr (III) may occur through a number of hypothesized reaction mechanisms. Various reactive intermediates – chromium species (pentavalent and tetravalent), and radicals of oxygen are known to be involved in the reduction process. Such intermediates could interact with vital components of the cells, as a result of their reaction, thus causing damage. Apart from the greater level of toxicity of hexavalent compared with trivalent form of Chromium, the absorption of the former through the oral and inhalation route occurs more readily. The Environmental Protection Agency (EPA) has developed toxicity values to assess the risk of getting cancer or experiencing other adverse health effects as a result of inhaling or oral intake of chromium (Kabata, Pendias and Mukerjee, 2007).
2.2.6 Iron

2.2.6.1 Occurrence and Properties

Iron is a transition metal with atomic number of 26 and mass number of 55. It is the most abundant metal. It has a melting point of 1535°C and boiling point of 2750°C, specific gravity of 7.874 and shows valencies of 2, 3, 4 and 6. Iron is found in combined state with oxygen, chlorine and some other elements. It is found in very high abundance, being the

fourth most readily available element in the earth crust. Hematite (Fe203) is the most commonly available ore of iron.
2.2.6.2 Toxicity of Iron

Iron plays a vital role in animal and plants life. In humans, it is an important component of haemoglobin. Exposure to high doses of iron can result to iron poisoning. Symptoms include stomach pain due to ulceration, nausea, vomiting. Exposure to high doses through ingestion can result in metabolic acidosis and damages to vital internal organs of the body such as liver and brain (Tenenbein, 2005).
2.2.7 Manganese

2.2.7.1 Occurrence and Properties

Manganese is a hard and grayish white metal of the transition series. It has a boiling point of 2235°C, melting point of 1517°C and density of 7.21g/cm3. Like other transition metals it shows variable oxidation states, with 0, +2, +6 and +7 being the most common. Minerals that contain manganese are in high abundance. Rhodochrosite (MnCO3) and Pyrolusite (MnO2) are among the most common of these ores. Manganese is usually found in combined state with oxygen, sulphur or chlorine (Agency for Toxic Substances and Disease Registry, 2005).
Manganese compounds are mostly found in two forms in the environment. Inorganic compounds of Manganese are used in production of ceramics, batteries and steels. Organic manganese compounds are important component of pesticide, gasoline additives and fertilizers. Compound of manganese are found in dust particles, air, ground water and soil (Bang, 2002).

2.2.7.2 Toxicity of Manganese

Manganese is recognized as an essential trace element. Exposure to high concentration is however toxic to health. The detrimental effect of manganese to health is more targeted to the central nervous system and the brain. Prolonged exposure to high concentrations has been reported to be associated with mental and emotional abnormalities, impaired neuromuscular coordination and respiratory difficulties. High doses of the element in series of studies conducted resulted in impaired male fertility and birth defects (Sharma and Pervez, 2005).
2.3.0 Speciation and Concentration of Heavy Metals in Soil

2.3.1 Lead
The element lead (in its soluble form) when present in the soil readily reacts with compounds present in the soil such as hydroxide, organic materials, clays, carbonates and phosphates, thus reducing its solubility. At pH values higher than 6, the adsorption of lead on clay surface and the formation of its carbonate occur readily. Lead retention by soils occurs in a greater extent under well-defined sample matrices. A decreased in the sorption of lead has been reported when it is in the presence of competing cations and complexing ligands. Lead has a high affinity for organic ligands and the formation of such complexes may greatly enhance the mobility of lead in soil (Bang, 2002). Gilbert and Osibanjo (2009), reported a concentration of 35.9-306.7mg/kg of lead in soil around automobile battery manufacturing plant in Nigeria.
Yahaya, Ezeh, Musa and Mohammad (2009) reported a concentration of 35.9- 306.7µg/kg of Pb in Yauri road side soil, Nigeria, while Gilbert (2009) reported 2.5-11.0mg/kg of Pb in soil around areas polluted by slag from smelting plant which was considered to be far lower

than the maximum permissible limit of 400mg/kg of lead in soil (Chen, Ma, Hoogeweg and Harris, 2001).
2.3.2 Zinc
The adsorption of Zinc by clay minerals, carbonates and hydrous oxides occurs readily, with the highest percent of total zinc being associated with manganese and iron oxides. Precipitation is not a primary mechanism of retention of zinc in soils because of the solubility of zinc compounds. Precipitation may become a significant means of zinc retention in soil- waste system. As with other cationic metals, the adsorption of Zinc rises with pH. Zinc hydrolyses at pH greater than 7.7, and these hydrolysed species are adsorbed to the soil surface strongly. Zinc forms various complexes with both organic and inorganic ligands and this affects its adsorption reactions with the surface of the soil (Asaah, Abimbola and Suh, 2006).
Bang (2002) reported 6 to 101mg/kg of Zinc in soil. Asaah et al. (2006) in their study of surface soil of the Bassa industrial zone reported a higher range of Zn content of 30- 3782mg/kg.
2.3.4 Copper
The retention of copper in the soils occurs through specific adsorption and exchange mechanism. At concentrations typically found in natural soils, the precipitates of copper are unstable. This may not be so in waste-soil systems and precipitation may be an important mechanism of retention. The adsorption of copper by soil and soil constituents occurs to a greater extent than other metals, with the exception of lead. Copper, however, has a greater preference for organic ligands that are soluble and the formation of these complexes may greatly enhance the mobility of copper in soil (Nwegoha and Kahampa, 2010). Iyaka and Kakulu (2012) reported a mean value of 16mg/kg of Cu for soil around vicinity of

pharmaceutical industry. Nwegoha and Kahampa (2010) reported a concentration range of

21.07 ± 2.88 mg/kg of Cu for heavy metal contamination in a sampling point that featured electroplating material.
2.3 Sources of Heavy Metals

Heavy metals are ubiquitous. They are found everywhere in the environment: water, land, sediments and plants. Heavy metals occur in trace amount (<1000mg/kg) in soil and are released from the weathering of the parent materials. At the naturally occurring concentration, they are non-toxic and in fact some metals are known to be useful for the physiological functioning of plants and animals (Kaba and Pendias, 2001). Toxicity of heavy metals results from their redistribution from non-toxic geochemical state to the surface of the earth where they become readily available with lethal effects. Anthropogenic inputs through industrialization, urbanization and agricultural activities have been identified as the causal factor for this shift of heavy metals to surface soil and sediment (Suciu, Cosma, Todica, Bolboaca and Jantschi, 2008; D’Amore, Al-Abed and Ryan, 2005). Heavy metals therefore occur from either pedogenic (lithorgenic) or anthropogenic sources. The pedogenic form are in the stable state hence not readily bioavailable or mobile (Kaasalainen and Tli-Halla, 2005). The various sources of heavy metals are examined below:






2.3.1 Industrial discharge

The increasing trend of industrialization in different parts of the world has not left the environment unpolluted. Pollutants are released into the environment from point or non-point sources. Point sources include waste from residential and chemical factories while non-point is source such as vehicular emission (Sayyed and Sayadi, 2011). Soils around the vicinities of industries are prone to higher level of trace metal contamination (Kharn, Hang and Zhu, 2008; Fakoyade and Onianwa, 2002).
The pollution of soil through discharge of waste from industrial activities occurs at alarming trend. Various industries such as paint, textile, pharmaceuticals, and petrochemicals all generate water that has varying composition of trace metals. Even though some of these wastes are treated prior to disposal, they still contain heavy metals in significant quantity.
2.3.2 Metal Mining

The mining and milling of metallic ores involves the removal of the trace metals from their naturally occurring state to the earth surface for industrial use. This no doubt is a direct source of the metals. Tailings (denser materials that settle at the bottom of the floatation cell during mining) are used for filling of natural depressions on the earth surface resulting to increase in trace metal concentration (Devolder, Brown and Pandya, 2003). Large scale mining of various metals such as Pb and Zn ores has resulted to the elevated contamination of soil which poses danger to life. Remediation measures for such highly contaminated areas are expensive and may not restore the productivity of the soil (Scragg, 2006).
2.3.3 Pesticide Application

Pesticides are chemical compounds used in agriculture in other to destroy pest, thus enhancing agricultural yields. Most compounds used as pesticides have heavy metal as a

major component. Some chemicals approved for use as pesticides and fungicide in most countries were compounds based on metals such as copper, zinc, lead and mercury. The fungicidal spray such as Bordeaux mixture contains copper sulphate and copper oxylchloride (Sandra, 2011). Arsenic- containing compounds were used extensively in the control of various pests. Likewise the use of lead arsenate has been used in fruit orchard for killing parasitic insects (Sharma and Prasade, 2010).
2.3.4 Fertilizers Application

Man in his attempt to boost agricultural yield through fertilizer application has further increased environmental pollution by heavy metals. Fertilizer has altered the chemical composition and nature of soil. Trace metals (Co, Fe, Cu, Mo and Zn) are also required for the proper growth of plants. These are mainly applied to the soil in form of their salts. For example cereal crops grown in soil that are deficient in copper are occasionally treated with copper so as to increase their nutrient content. Various fertilizer used to supply N, P and K have been shown to contain trace metals. This becomes significant after continued application (Scragg, 2006).
2.3.5 Waste Water

The use of industrial and domestic waste water on land has long been practiced and it has been reported that over 20 million hectare of agricultural land are irrigated using waste water (Sayyed and Sayadi, 2011). Various studies carried out in African and Asian cities suggest that the agriculture based on waste water irrigation account for over 50% of vegetable consumed in the areas. The farmers tend to be more concerned with profit maximization with little consideration on health and environmental implication. Though heavy metals are

present in such waste water in trace amount, long period of application could result to the build-up of trace metals in the environment (Bjurh, 2007).
2.3.6 Biosolids

The use of biosolids such as composts, livestock manures, and municipal sewage sludge in agriculture has long been known. Biosolids contain various heavy metals such Zn, Cu, Cr, Sb, As, Cd, Hg and Ni (Basta, Ruyan and Chaney, 2005). Thus the use of such biosolids on land results to the enrichment of the soil with trace metals which could constitute toxic effect on man and livestock. The metals are absorbed by plants, accumulated in all their parts and then passed across the food chain (Sumer, 2000). The repeated application of most manure to restricted land area can result in considerable accumulation of heavy metals in soil (Sharma and Prasade, 2010).
2.4 Soil as a Repository of Environmental Waste

In order to ensure proper monitoring of environmental contamination by heavy metals, due to anthropogenic activities, the soil samples are excellent media because heavy metals are frequently deposited on the top soil (Govil, Reddy and Krishna, 2001; Romic and Romic, 2003).






2.5 Forms of Heavy Metals

The form or speciation of trace metal contaminants in soil determines the extent to which the metals are available for plant uptake and the potential for ground water contamination. Thus

the chemical behaviour of heavy metals in soil environments is dependent on the form in which the metal exists in soil.
The presence of a trace metal in soil may not necessarily imply toxicity. However, almost any element is poisonous beyond a certain concentration. The level of toxicity of a metal is dependent on its concentration in soil and the extent to which it is available for plant uptake (Johnson, 2010). The only forms available to plants are those in soil solution or exchangeable components.
2.5.1 Soluble Form

Soil water naturally contains salts. Almost all metals in solution form positive ions, called cations, such as (Zn2+). Metals in this soluble form are readily available for plant uptake. The soil solution basically acts as source of plant nutrients (Akoji, 2010).
2.5.2 Exchangeable

Most soil particle surfaces are negatively charged, most especially clay particles and organic matter. Such places in soil are referred to as exchange sites. The number of exchange sites varies depending on the particle size distribution of the soil as well as it compositions. Trace metals being positively charged are attracted and held at these exchange sites. There is a relationship between the numbers of cations on exchange sites. Replacement of cations from the exchange sites occur when those in the solution medium are used up.
The two forms highlighted above are by far the most active biologically hence any metal must be in one of these two forms before plants can take it up. Trace metals in the other

forms are not readily absorbed by plants except they are altered before plants can assimilate them (Bhattacharya, Mukhajee, Jack and Nordqvist, 2002).
2.5.3 Organically Bound

When plants and soil fauna absorb metals, they generally are incorporated into organic substances. However, metals can also form chelates with organic material in soil solution. Some of these organic materials decompose quickly, temporarily releasing metals back into the soil solution. The decomposition of others occurs slowly taking up to hundreds of years (Afshin and Farid, 2007).
2.5.4 Absorbed by Hydrous Oxides

Various metals such as manganese, copper and iron readily combine with oxygen to form solids, often coating soil surfaces. A typical example is rust; an iron oxide which gives some soils a reddish colour. Metals may form solid with these elements (co-precipitation) or become wrapped in the coating. When these happen, the metals are in stable forms that restrict change (Sharma and Prasade, 2010).
2.5.5 Bound to Carbonates
Most soils with neutral or alkaline pH usually contain large amount of calcium salts present in the form of calcium carbonate (CaCO3) or calcium bicarbonate (Ca(HCO3)2). Other metals (including trace elements) can undergo precipitation by taking the place of calcium thus forming solid product. If precipitates do form, they usually contain more than one trace metal thus resulting to the formation of a mixed crystal that includes combinations of major elements, typically calcium or iron. The more crystalline and mixed the solids are, the less

their tendency to go into solution. The availability of simple solids occurs as the acidity of the soil increases (Afshin and Farid, 2007).
2.6.0 Factors Affecting the Bioavalability and Mobility of Heavy Metals in Soil

The availability, retention and mobility of heavy metals in soil are determined by various factors within the soil. The major factors are total organic carbon (TOC) and pH. Others include cation exchange capacity (CEC) and particle size distribution (Bhattacharya, Mukhajee, Jack and Nordqvist, 2002; Henry, 2000 and Martinez and Motto, 2000).
2.6.1 Soil pH

The pH of a solution refers to its degree of acidity and alkalinity. It is the negative logarithm of hydrogen ion concentration. Basically, soils are grouped into acidic, neutral, or alkaline (basic), based on its value on the pH scale. The pH of soil is influenced by the presence both acid and base-forming ions present in the soil. Common cations associated with acidity are hydrogen (H+), aluminium (Al3+), and iron (Fe2+ or Fe3+), whereas common cations that form base include potassium (K+), sodium (Na+), magnesium (Mg2+) and calcium (Ca2+).
Soil pH is the principal factor that determines metal mobility in soil. The solubility of Metal cation generally increases with a decrease pH. As pH decreases, the solubility of the metal cation increases due to desorption from soil minerals such as carbonates, metal oxides and hydroxides. Also as organic acids are degraded, the pH rises to an almost neutral level, buffered by the bicarbonate system (Bozkurt et al., 2000). Thus increase in soil acidity results to an increase in solubility, mobility and concentration of heavy metals in the soil. Oxidation of pyrite (FeS2) is recognized as a major factor responsible for the acidity of acid soil. As FeS2 oxidizes, the soil pH decreases and the concentration of dissolved sulphate SO42-

increases (Galceran, Companys, Puy, Cecilia and Garce, 2004). The classification of soil according to their pH range as given by the United States Department of Agriculture is shown below:






























Table 2.1: Soil Classification Based on pH

Class	pH range

Ultra acid	<3.5

Extreme acid	3.5 – 3.4

	Very strong acid
	4.5 – 5.0

	Strong acid
	5.1 – 5.5

	Moderate acid
	5.6 – 6.0

	Slight acid
	6.1– 6.5

	Neutral
	6.6 – 7.3

	Slightly alkaline
	7.4 – 7.8

	Moderately alkaline
	7.9 – 8.4

	Strongly alkaline
	8.5 – 9.0

	Very strongly alkaline
	> 9.0

	Source: (Soil Survey Manual, 1993)
	




















Inuwa, Abdulrahman, Yuauri and Ibrahim (2013) in their study on trace elements in soil around industrial areas in northwestern Nigeria reported a mean soil pH of 6.6 around Kakuri industrial estate in Kaduna. This was attributed to industrial pollution by acidic gases and bush burning. Similarly, Gabriela, Cristina and Angela (2011) reported a pH range of 6 - 8.4 in soil around industrial area of Mare city in their study.

2.6.2 Soil Organic Matter

Soil organic matter refers to plant and animal materials present in their varying stage of decomposition, cells and tissues of soil organisms, and decomposed materials (Brady and Weil, 2008). Although the definition above does not include living organisms, their presence is important in the formation of soil organic matter. The roots of plant and fauna such as rodents, mites and earthworms all contribute to the movement and breakdown of soil organic material. Four major processes are involved in the cycling of soil organic materials: decomposition of organic substances; mineralization of nutrient; transfer of organic carbon and nutrients from a soil organic matter reservoir to another; and continual discharge of carbon dioxide (CO2) through microbial activities (Jones, Jacobsen and Lorbeer, 2002). Soil organic matter is a principal variable that affects the differential distribution of heavy metals in soil (Afshin and Farid, 2007). Increase in soil organic matter content lead to elevation of soil adsorption capacity hence enhancing trace metal accumulation and storage. Organic matter can therefore be considered as an important medium through which heavy metals are incorporated and reserved in the soil.
The formation of complexes with organic matter in the soil tend to occur and this differ for each metal. Organic matter also retains these metals in exchangeable form (Jones, Jacobsen and Lorbeer, 2002). With increasing organic matter content, soil heavy metal retention capacity increases hence an increase in metal concentrations, especially Cu2+, Hg2+ and Pb2+. These metal ions become strongly bound to organic matter. Organic matter forms complexes with heavy metals cations by ion exchange and chemisorption reaction.
Thus, the determination of the organic matter content of soil and predicting its relationship with the concentration of heavy metals in soil can be a strong tool for assessing heavy metal

contamination in soil (Afshin, 2007). Iyaka and Kakulu (2012) in their study had TOC of

0.42 to 2.7% in soil around the vicinity of pharmaceutical industry in Niger state. Oyedele, Gasu and Awotoye (2008) reported a soil organic matter content of 2.7 to 4.2% in soil around waste dump site.
2.6.3 Soil Electrical Conductivity

The electrical conductivity of soil is a measure of the ability of soil to conduct electrical current and it is expressed mostly in units of MilliSiemens per meter (mS/m). Also, electrical conductivity measurements can be expressed in unit such as DeciSiemens per meter (dS/m), which is 100 times greater than MilliSiemens per meter (Sudduth, Kitchen, Wiebold and Thelen, 2005).
Soil electrical conductivity is an indirect measurement that is strongly associated with several physical and chemical properties of soil.
2.6.4 Soil Particle Sizes

Trace metals are mainly found adsorbed in clay and silt fraction of soil (Sayyed and Sayadi, 2011). Generally, the concentration of heavy metal in soil increases with decrease in the sizes of the soil particles. This is because finer particles have larger surface area. Thus there is a higher concentration of metal such as lead in fine silt and clay soils than with coarse soil (Momani, 2006).
2.7.0 Remediation of Soil Heavy Metals

Remediation is a scientific approach to environmental decontamination. It involves the removal of pollutants from the environment so as to ensure its safety for man, livestock and

plants (Finzgar and Lestan, 2006). Various methods of remediation of polluted soils have been developed: physical, chemical and biological. Some of the currently applied methods of remediation are highlighted as follows:
2.7.1 Contaminant Immobilization Technique

This involves the use of various materials (organic and inorganic) to restrict the mobility of trace metals in soil. The focus of this technique is to ensure the geochemical stability of the contaminants through complexation and sorption phenomena (Anoduadi, Okenwa and Okieimen, 2009). Various naturally occurring materials have found use as amendment substances: zeolites, red mud, and termitarium, organic compost among others (Anoduadi, Okenwa and Okieimen, 2009; Finzgar and Lestan, 2006).
2.7.2 High Temperature Vitrification

This is a thermal driven process of remediation that modifies the contaminated area into a granular, hard and non-leachable substance through the application of heat. The mobility of the metal contaminants is reduced. This approach is applicable to various organic and inorganic contaminants. It can be carried out ex situ or in situ.



2.7.3 Stabilization Technique

This is similar to vitrification in that contaminants are immobilized. Stabilization technique is the application of stabilizers (binding materials) to the polluted soil so as to control its movement and access by external agents through various chemical processes. This is an

established remediation technology that is adopted for hazardous waste treatment in some countries of the world (Finzgar and Lestan, 2006).
2.7.4 Bio-enhancement Technique

This is the additive assistance of indigenous microbes by the introduction of other microorganisms with the contaminant degradative potential into the environment. Physical and chemical processes like adsorption, mineralization and enzymatic modification occur (Agamuthu, Abioye and Abdulaziz, 2010).
2.7.5 Phytoremediation

Phytoremediation is the decontamination of soil through the effective utilization of plants. It is also known as botanoremediation or green remediation. Phytoremediation has found relevance in the treatment of soil contaminated with heavy metals, crude oil, aromatic hydrocarbons and pesticides. The use of contaminant-accumulating plants to remove soil pollutants has been practiced for long and the concept has been employed for the past three hundred years for treating waste water discharge. In some of the mechanisms employed in phytoremediation, plants are grown in the contaminated soil. The plants absorb the toxic metals through their root and then translocate them to other parts of the plants. The plants are later harvested and incinerated or composted to recycle the metals. This method is known for its high public acceptance due to its cheap cost, easier implementation and significant aesthetic impact (Gerhardt, Huang, Glick and Greenberg, 2009).
2.8.0 Enrichment Factor

The extent of soil contamination and accumulation by a given metal can be established through comparism of the concentrations of the metal with that of a reference element. The result obtained is expressed as Enrichment factor (EF), given by the following equation:

EF = (Cn/Cref) / (Bn/Bref)


In which Cn is concentration of the investigated element in the soil, Cref is concentration of the investigated element in the earth’s crust, Bn is concentration of the reference element in the soil, and Bref is content of the reference element in the earth’s crust. A reference element is ‘pedogenic’ that is, one in which is conservative, and whose content is basically from the earth’s crust with negligible anthropogenic impact. The most commonly used referenced elements in literature include: aluminum (Al), zirconium (Zr), iron (Fe), scandium (Sc), and titanium (Ti), although several attempts have been made to use other elements such as manganese (Mn), chromium (Cr) and lithium (Li). Generally, the enrichment factor is used to assess soil contamination (enrichment) and its interpretation is as follows:







Table 2.2 Classes of Soil Enrichment

EF Range	Class

< 2	depletion to minimal enrichment;
2–5	moderate enrichment

5–20	significant enrichment

20–40	very high enrichment

> 40	extremely high enrichment

Source: (Sutherland, 2000).




























EF is also employed in assessing soil elemental depletion (Blaser, Zimmermann, Luster and Sbotyk, 2000). All EF values less than 1 may indicate that leaching and consumption of an element take precedence over its accumulation in soil. Fergusson (1990) also used Fe as reference element for the normalization of elements, because Fe content is unrelated to that of other metals.
2.8.1 Index of Geo-accumulation

Geo-accumulation index (Igeo) as soil heavy metal assessment index was first employed by Müller in 1969, in order to express and define trace metal pollution in sediment by comparing present concentrations with pre-industrial era. Igeo is calculated using the following equation: Igeo= log2 [Cn/ (1.5Bn)]
Where Cn is the measured concentration of the metal in the enriched soil sample and Bn is the concentration of the metal in the unpolluted samples or control (geochemical background concentration). The factor 1.5 is used to account for natural fluctuations in the content of a given metal in the environment as well as very small anthropogenic influences.
The geo-accumulation index (Igeo) was classified into seven groups.
















Table 2.3 Soil Classes Based on I-geo

	I geo range
	Class
	Description

	Igeo≤0
	class 0
	unpolluted

	0<Igeo≤1
	class 1
	from unpolluted to moderately polluted

	1<Igeo≤2
	class 2
	moderately polluted



	2<Igeo≤3
	class 3
	from moderately to strongly polluted

	3<Igeo≤4
	class 4
	strongly polluted

	4<Igeo≤5
	class 5
	from strongly to extremely polluted

	Igeo>5
	class 6
	extremely polluted



Source: (Buccolieri et al., 2006)






















2.9.0 Atomic Absorption Spectroscopy
2.9.1 Principle
Atomic absorption spectroscopy (AAS) is an analytical technique that is used in determining the concentrations of elements. The sensitivity of this technique makes it possible for it to measure concentrations as low as parts per billion of a gram in a sample. The technique makes use of the wavelengths of light specifically absorbed by an element which is characteristic of the element. They correspond to the energies needed to promote electrons

from one energy level to another. This technique has found practical relevance as analytical tool in various aspects of chemistry.

Characteristic wavelengths of light are absorbed by atoms of different elements. Analysing a sample to see if it contains a particular element means using the specific light from that element. For example with lead, a lamp containing lead emits light from excited lead atoms that produce the right mix of wavelengths to be absorbed by any lead atoms from the sample. In AAS, the sample is atomized: it is converted into ground state free atoms in the vapour state and a beam of electromagnetic radiation emitted from excited lead atoms is passed through the vaporized sample.

Some of the radiation is absorbed by the lead atoms in the sample. The amount of light absorbed is proportional to the number of lead atoms. A calibration curve is constructed by running several samples of known lead concentration under the same conditions as the unknown. The amount the standard absorbs is compared with the calibration curve and this enables the calculation of the lead concentration in the unknown sample.




2.9.2 The Atomic Absorption Spectrometer


The device has four major components:

i. Light source (Hollow Cathode Lamp);

The hollow cathode lamp which is the usual light source is made from the element being analysed. The anode is made of tungsten while the cathode is cylindrical and made from the

element to be measured. These are assembled in a glass tube filled with argon or neon (noble gases) and kept tight.

2. Atomizer: Prior to the analysis, the element of concern must be in atomic state. This is achieved using an atomizer or atom cell. Atomization involves the thermal conversion of the analyte into their free gaseous atom by the use of flame or graphite furnace. The gaseous atoms in their ground state are then available for the absorption of radiation from the light source. On absorption, they generate signal that is directly proportional to the concentration of the analyte. Atomization can be achieved using either flame or graphite furnace atomization.

3. Monochromator: This component of the spectrometer is used for the selection of specific wavelength of light absorbed by the analyte, leaving out other wavelength. The wavelength selected is characteristic of the analyte thus allowing the determination of the selected element in the presence of others.

4. Detector: this is an important component of the spectrometer. It is typically a photomultiplier tube were light selected by the monochromator is passed into. The processing of electrical signal is achieved by a signal amplifier. The signal can be fed into data station for printout format.

2.9.3 Calibration Curve


This is a curve used for the determination of the unknown concentration of an element in the solution. The absorbance of each is measured and then a calibration curve of concentration vs. absorbance is plotted.





































CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Materials / Equipment

1. Analytical Balance

2. Atomic Absorption Spectrometer (Model: AA240FS)

3. Beaker (250ml)

4. Burette (50ml)

5. Conductivity Meter (Model: Kent EIL5013)

6. Dispenser (10 and 20ml)

7. Dispersing Cup

8. Electric Mixer

9. Erlenmeyer Flask

10. Filter Paper (whatman No.42)

11. Glass Cylinders (1000 ml)

13. Glass Rod

14. Hot Plate

15. Hydrometer

16. Magnetic Stirrer

17. Measuring Cylinder (10, 20 and 1000ml)

18. pH Meter (Model : pHep H196107)

19. Pipette (10ml)

20. Plunger

21. Sieve (0.5mm and 2mm)

22. Soil Auger

23. Thermometer

24. Volumetric Flask

25. Watch glass

3.2 Reagents

1. Conc. H2SO4
2. Conc. HNO3
3. Fe2+ solution (0.5M)

4. Ferroin Indicator
5. HClO4 (70%)
6. H3PO3 (85%)
7. NaF, solid

8. Sodium Hexametaphosphate Solution (5%)
9. Standard Buffer Solution (pH 4 and pH 9)
10. Standard 0.167M K2Cr207















3.3 Study Area

The present study focused on selected industries in Kaduna metropolis. Kaduna is the capital of Kaduna state. It derived its name from the Hausa word ‘Kaduna’ meaning ‘crocodiles’ due to the large number of crocodiles in river Kaduna. The state occupies an area of

approximately 48,473.2 square kilometres with a population of more than 6 million (2006 census). It lies along the Kaduna River, which is a tributary of the River Niger (Jonathan, 2010).
Kaduna is recognized as one of the major industrial and commercial center of northern Nigeria. Most of the industries are located in the south of Kaduna River near the main railway junction. The major industries in the area include textile industries, steel rolling plants, pharmaceutical industries, plastic industries, ceramic industries, paint industries, food industries among others. Most of the industries are in active state of production while a few are dormant.
The industries selected for this study include Power Seal Paint Industry, Chilox Paint Limited, United Nigeria Textile, Kaduna textile limited, Abumec Pharmaceuticals and Arewa Pharmaceutical Industry, all located in the industrial area of Kaduna( Kakuri, Sabon tasha and Nasarawa).

[image: ]
Plate I: Map of the Study Area (Kaduna)

3.4 Methods

3.4.1 Sampling Method

The soil samples were collected around the industrial areas in a systematic random pattern using a soil auger. Control samples were also collected from an uncontaminated site, about four kilometres away from the industries in line with method described by Gilbert and Osibanjo (2009).
Four samples were collected from the vicinity of each of the industry. At each sampling point, four sub-samples were taken at a depth of 0-15cm. They were then mixed thoroughly in order to ensure a representative sample from each sampling location. The soil samples were then packed in a clean polythene bag. The sampling equipment was decontaminated between sites by washing and rinsing with distilled water, and allowing to air dry between each industrial location.
3.4.2 Sample Pre-treatment

The soil samples were air-dried for 48 hours. They were then ground using agate mortar and sieved using a 2mm sieve initially, and further pulverized and sieved with a 0.5mm sieve.
3.4.3 Preparation of Reagents

i. Sodium hexametaphosphate solution (5%): This was prepared by dissolving 50g of sodium hexametaphosphate (Na6 (P04)6 ) in deionized water and diluted to 1 litre.
ii. Standard 0.167M K2Cr207: 49.04g of dried K2Cr207 was dissolved in water and diluted to 1L.

iii. 0.5M Fe2+ solution: 196.1g of FeSO4.7H20 was dissolved in water and then 20ml of conc. H2SO4 added. The solution was then cooled and diluted to 1L. The Fe2+ in this solution oxidizes slowly on exposure to air so it was standardized against dichromate daily.
iv. Ferroin indicator: 3.71g of O-phenanthroline and 1.74g of FeSO4.7H2O were slowly dissolved in 250ml of water.
v. 1000 ppm Pb(II) solution: this was prepared by dissolving 1.5986g of lead(II) trioxonitrate (V) (Pb(NO3)2) in 200ml of distilled deionized water in a beaker. Then 1.5ml of conc. HNO3 was added. This was then quantitatively transferred into a 1 litre flask and diluted to the mark with distilled deionized water.
vi. 1000 pm Cd (II) solution: this was prepared by dissolving 2.7442g of cadmium trioxonitrate (V) tetrahydrate (Cd (NO3)2.4H2O) in 200ml of distilled deionized water in a beaker, then 1.5ml conc. HNO3 added. This was then quantitatively transferred into a 1-litre flask and diluted to the mark with distilled deionized water.
vii.1000 ppm Cr (VI) solution: this was prepared by dissolving 2.828g of potassium heptaoxodichromate (VI) (K2Cr2O7) in 200ml of distilled deionized water in a beaker. Then
1.5 ml of conc. HNO3 was added. This was then quantitatively transferred into a 1-litre flask and diluted to the mark with distilled deionized water.
viii. 1000 ppm Zn (II) stock solution: this was prepared by dissolving 1g of analar grade Zn dust in about 20ml of conc. HCl in a fume cupboard until effervescence stopped. The resulting solution was dissolved in about 200ml of distilled deionized water. This was then quantitatively transferred in a 1-liter flask and diluted to the mark with distilled deionized water.

ix. 1000ppm Mn (II) stock solution: 3.6077g of manganese chloride (MnCl2.4H20) was dissolved in 50ml conc. hydrochloric acid and diluted to 1 litre in a volumetric flask with deionised water.
x. 1000ppm Cu(II) stock solution: 3.7980g of (Cu(NO3)2.3H2O) was dissolved in 250ml of deionised water and diluted to 1 litre in a volumetric flask with deionized water.
xi. 1000ppm Fe(III) stock solution: 4.8400g of iron (III) chloride (FeCl3.6H2O) was dissolved in 200ml of deionised water and diluted to 1 litre in a volumetric flask with deionized water.
3.4.3. Determination of Soil pH

20 gram of soil sample was taken into a 100ml beaker to which 40ml of distilled water was added. The suspension was stirred at regular interval for 30 minutes to ensure effective dispersal and dissolution of all soluble compounds. The pH meter was calibrated with two buffers, one on the acidic side and other alkaline. The pH was then recorded using a pH meter. The electrodes were rinsed with distilled water after each use.
3.4.3.2 Particle Size Determination

The percentage of sand, silt and clay in the inorganic fraction of soil was measured using hydrometer method (IITA, 1979).
100ml of the 5% dispersing solution was mixed with 880ml of deionized water in 1000ml cylinder. This mixture was the blank. The blank was not diluted to 1000ml the other 20ml is the volume occupied by 50g of soil. 50grams of soil (<2mm) was weighed and transferred into a dispersing cup. 50ml of 5% dispersing solution was added followed by 100ml of

distilled water. This was then stirred and the mixture was allowed to stand for 30 minutes. The dispersing cup was attached to the mixer and the sample stirred for 1 hour using a mechanical shaker and then quantitatively transferred into a 1000ml measuring cylinder. This was then filled to 1000ml and allowed to stand overnight to equilibrate. At the beginning of each set, the temperature and hydrometer reading of the blank was recorded. To determine the density, the plunger was inserted into the suspension, and carefully mixed for 30sec, until a uniform suspension was obtained. The plunger was removed and the hydrometer gently inserted into the suspension. The hydrometer reading was recorded at 40sec. This is the amount of silt plus clay suspended. Two hours after the sand had settled to the bottom of the cylinder, the reading was taken again. The reading obtained at this time was the amount of clay in the suspension. At this time, the silt had settled to the bottom of the cylinder by that time.
Calculation

i. Temperature and density correction

0.2 units were added to the reading of samples for every 1F (-17◦C) above 67F (19.5 ◦C), and 0.2 units were also subtracted for every 1F below 67F.
ii. Percentage (%) silt and clay = (R-RL + (0.36T1) R= hydrometer reading of sample
RL= hydrometer reading of blank

T1= temperature taken during plunging

% Clay = R2-RL2 + (0.36T)

% Silt = % silt and clay - %clay

% sand = 100 -% silt and clay

R2 =hydrometer sample reading after 2 hours RL2 =hydrometer blank reading after 2 hours
3.4.3.3 Determination of Electrical Conductivity of Soil

The electrical conductivity of the soil was determined using electrical conductivity meter. Soil-water suspension in the ratio of 1:5 was prepared by weighing 10gram of air-dried soil (<2mm) into a 250ml beaker and 50ml of deionized water added. The mixture was shaken mechanically at 15rpm for 1 hour to dissolve soluble salts. The conductivity was then measured and recorded (Akoji, 2010).
3.4.3.4 Determination of Organic carbon by Walkey-Black Method (Luilo and Othman, 2010)
1g of dried soil sample (<0.5mm) was weighed and transferred into a 500ml Erlenmeyer flask. 10ml of 0.167M K2Cr2O7 was then added by means of pipette followed by the addition of 20ml of conc. H2SO4 added by means of dispenser and the mixture was swirled gently to mix. The suspension was then allowed to stand for 30 minute and diluted with 200ml of distilled water. 10ml of 85% H3PO4 was then added using a suitable dispenser, then 0.2g of NaF. The H3PO4 and NaF were added to complex Fe3+ which could interfere with the titration endpoint. This was then followed by 10 drops of ferroin indicator. The mixture was titrated with 0.5M Fe2+ solution. The color at the beginning was yellow-orange to dark green, which shifted to a turbid gray before the end point. A blank titration was also run using the same procedure but without soil. The blank was used to standardize the Fe2+ solution daily.



Calculation

i. Percentage (%) Easily oxidizable organic carbon

%C =  (𝐵−𝑆)× 𝑀 𝑜𝑓 𝐹𝑒2+ × 12 × 100
𝑔 𝑜𝑓 𝑠𝑜𝑖𝑙 × 4000

Where:

B = ml of Fe2+ solution used to titrate blank. S= ml of Fe2+ solution used to titrate sample.

12


4000

= milli equivalent weight of Carbon in gram.


The easily oxidizeable organic carbon was then converted to total carbon, multiplying by

1.30. The total organic carbon was converted to organic matter using the equation:

ii. % organic matter =	% 𝑡𝑜𝑡𝑎𝑙 𝐶 × 1.72
0.58

3.4.4 Total Metal Analysis

The soil heavy metal determination was carried out after digestion with perchloric, sulphuric and nitric acid mixture (Zheng, 2003). The concentration of heavy metal was determined using Fast Sequential Atomic Absorption Spectrometer (AA240FS).
1g of the soil sample was weighed into 250ml digestion flask and 10ml of conc. HNO3 was added. The mixture was boiled gently for 30-45 min to oxidize all easily oxidizeable matter. After cooling, 5ml of 70% HClO4 was added and the mixture was boiled gently until dense white fumes appeared. After cooling, 20ml of distilled water was added and the mixture was digested further to release any fumes. The solution was cooled, and then filtered using

whatman No.42 filter paper and then quantitatively transferred to a 250ml volumetric flask and made up to the mark with distilled water.
A blank was run for the digestion procedure to correct for reagent impurities and other environmental contaminations during analysis. The analysis was duplicated in order to ensure precision in the digestion procedure and analytical instrument. The digested sample solution was analyzed for Pb, Cr, Mn, Zn, Fe, Cd and Cu. Analysis of blank was also done.
3.5 Data Analysis

In order to quantitatively analyze and confirm the relationship among soil physico-chemical properties and heavy metal contents the data obtained were subjected to analysis using statistical SPSS 16.0.






















CHAPTER FOUR

4.0 RESULTS AND DISCUSSION

4.1 Results

4.1.1 Physicochemical Properties of the Soil

Table 4.1 gives the results of the physicochemical parameters of the soil samples from the study area. The pH range of the soil is from 6.64±0.46 to 7.35±0.22. The mean pH value from the study is 7.16. The mean value for the total organic matter (TOM) content for all the soil samples is 2.92±0.50% with minimum and maximum values of 2.46% and 3.56% respectively. The range for electrical conductivity (EC) is 275.13±0.78 µS/cm to 506.60±0.44µS/cm respectively. The mean EC is 362.6±0.67µS/cm. Particle size analysis shows that silt has the lowest composition in all the samples (6.13±3.65%) with minimum and maximum values of 1.50±0.07% and 9.50±0.17 % respectively. The clay component ranged from 13.25±0.14 to 27.0±0.36%, with a mean value of 17.79±0.17%. Sand had the highest percentage composition with a mean value of 76.50±0.45% and a range of 64.50±0.92% to 86.01±0.79%.

	Table 4.1 Physico-chemical Properties of Soil Samples Around the Selected Industrial Areas

	Sampling Areas
	pH
	EC(µS/cm)
	TOM (%)
	% Sand
	% Clay
	% Silt

	Ph1
	
6.64±0.46a
	
275.13±0.78b
	3.56±0.11c
	
72.25±0.13b
	
20.75±0.13f
	9.50±0.17c

	Ph2
	
7.22±0.62abc
	
407.20±0.92e
	
2.68±0.76b
	
85.25±0.13e
	
13.25±0.14b
	
1.50±0.07a

	Pt1
	
7.35±0.22c
	
467.30±0.10f
	
2.46±0.53a
	
64.50±0.92a
	27.00±0.36g
	
8.50±0.09c

	Pt2
	
7.08±0.76bc
	
357.30±0.56d
	
2.57±0.61ab
	
86.01 ±0.79e
	
12.50±0.87a
	
1.50±0.62a

	Te1
	
7.12±0.17bc
	
506.60±0.44g
	
2.69±0.86b
	
76.75±0.27d
	
14.75±0.13c
	
8.50±0.95c

	Te2
	
7.25±0.44cd
	
288.20±0.13c
	
3.53±0.36c
	
75.25±1.60c
	
18.50±0.26d
	
7.25±0.70bc

	C
	
7.09±0.21b
	
208.23±0.20a
	
2.47±0.61a
	
74.23±0.29c
	
20.25±0.13e
	
5.50±0.16b

	Mean
	7.16
	362.60
	2.92
	76.50
	17.79
	6.13

	




Ph1: Abumec Pharmaceutical Industry EC: Electrical Conductivity TOM: Total Organic Matter

	Ph2:Arewa Pharmaceutical Industry	Pt1: Chilox Paint Industry	Pt2: Power Seal Paint industry

	Te1: Kaduna textile industry	Te2: United Nigeria Textile Industry  C: control



Values are expressed as mean±SD for triplicate determinations. Values with the same subscripts down a column do not differ significantly from each other at P< 0.05

.









4.1.2 Total Heavy Metal Concentration in the Soil

Table 4.3 shows the statistical result of the total concentrations of the metals investigated in the study. The mean concentration of Pb in the studied area ranged from 20.01±0.85 – 77.18±0.40µg/g. The concentration of Pb at Te1 (77.18±0.40 µg/g) was higher than that of Te2 (61.74±0.40µg/g). The concentration of Pb at Pt1 and Pt2 were 45.91 ±0.26µg/g and 55.29±0.10µg/g respectively. The concentrations at Ph1 (29.35±0.44µg/g) and Ph2 (26.89±0.36 µg/g) were significantly different.
The concentration of Zn ranged from 88.90±0.46 to 217.96±0.16µg/g. The highest concentration of Zn (217.86±0.16 µg/g) was obtained at Pt1 while the concentration of Zn at Pt2 was 205.60±0.46 µg/g. Te1 had a concentration of 191.15±0.98 µg/g while that at Te2 was 134.63±1.10 µg/g. The concentrations of Zn at the various industrial areas were higher than that of the control (88.90±0.46 µg/g). There was a significant difference (P<0.05) in the concentration of Zn at the various industrial areas.
Cd was not detected in most of the soil samples analysed. It had a concentration ranging from ND to 1.5±0.02 µg/g with Pt2 having the highest. The concentration of Cd at Te1 was 0.12±0.10 µg/g while that at Te2 was 0.13±0.06 µg/g. There was no significant difference

(P<0.05) in the concentration of Cd at Te1 and Te2. Cd concentration at Ph2 (1.30±0.26µg/g) was also higher than Ph1 (0.13±0.06 µg/g).
The concentration of Cr ranged from 29.25±0.70 µg/g to 41.25± 0.14 µg/g. Te1 had the highest concentration of Cr (44.20±0.35µg/g) while that at Te2 was 41.25±0.14 µg/g. The concentration of Cr at Ph1 (34.25±0.70 µg/g) was higher than that at Ph2 (29.25± 0.70 µg/g), while those at Pt1 and Pt2 were not significantly different (P<0.05). There was a significant difference in the concentrations of Cr between Ph1 and Ph2.
Cu had a minimum and maximum concentration of 9.58±0.70 µg/g and 74.45±0.20 µg/g respectively. The highest concentration of Cu was at Te1 (74.40±0.20 µg/g) while Te2 had
34.37±0.16 µg/g. Cu was present in a higher concentration at Ph2 (14.87±0.85 µg/g) than Ph1 (9.58±0.70 µg/g). The concentration of Cu at Pt1 and Pt2 were not significantly different (P<0.05).
Mn had a concentration ranging from 48.85±0.38 µg/g to 200.00±0.31 µg/g. The maximum concentration was obtained at Pt1 (200.00±0.31 µg/g). The concentrations of Mn at the various industrial areas were significantly different. The control had the lowest concentration of Mn (48.85±0.38 µg/g).
The concentration of Fe was the highest among the various metals analysed. It concentration was several times greater than those of other metals. The mean concentration of Fe was from 1185.8±4.66 µg/g to 2488±1.37 µg/g. Fe was higher at Pt2 than Pt1. Its concentrations at Te1 and Te2 were 1240±2.69 µg/g and 1185±4.66 µg/g respectively. There was a significant difference (P<0.05) in the concentration of Fe among the various industrial areas.









	Table 4.2 Concentration of Heavy Metals in Soil (µg/g)

	Sampling Area
	Pb
	Zn
	Cd
	Cr
	Cu
	Mn
	Fe

	Ph1
	29.35±0.44c
	168.54±0.44d
	0.13±0.06d
	34.25±0.70b
	9.58±0.70b
	92.14±0.20d
	1351±1.

	
Ph2
	
26.89±0.36b
	
141.43±0.95c
	
0.09±0.26c
	
29.25±0.70b
	
14.87±0.85c
	
124.00±0.10e
	
1978±2.

	
Pt1
	44.91±0.26d
	217.96±0.16f
	NDa
	36.75±0.50c
	
22.40±0.26d
	200.00±0.31f
	
2100±1.

	
Pt2
	55.29±0.10e
	205.6±0.46f
	1.50±0.02e
	36.38±0.69c
	22.95±0.46d
	190.00±0.46f
	
2488±1.

	
Te1
	77.18±0.40g
	191.15±0.98e
	0.12±0.10d
	44.20±0.35e
	74.40±0.20f
	87.42±0.26c
	
1200±2.

	
Te2
	61.74±0.33f
	134.63±1.10b
	0.13±0.06d
	41.25±0.14d
	34.37±0.16e
	81.15±0.44b
	
1185±4.

	
C
	20.01±0.85a
	88.90±0.46a
	
0.05±0.06b
	12.75±0.40a
	8.32±0.26a
	48.85±0.38a
	
721±1.6



Values are expressed as mean±SD for triplicate determinations. Values with the same subscripts down a column do not differ significantly from each other at P< 0.05















4.1.3 Geoaccumulation Index (I-geo) of the Metals

The result of the geoaccumulation index (I-geo) of the heavy metals in the study area is presented in the table 4.4. The geoaccumulation index (I-geo) of Pb, Zn, Cd, Cr, Cu, Mn and Fe ranged from 1.12-2.62, 0.01-0.71, 0.00-1.20, 0.61 -1.20, -0.38 – 2.57, 0.18 -1.45, and
0.21 – 1.20 respectively. The highest I-geo of Pb (2.62) was obtained in samples from textile industry (Te1) while the least was obtained in samples from pharmaceutical industry, Ph2 (1.12). The I-geo of Zn was generally <1. Cd had a maximum I-geo of 1.20 which was at Pt2. The I-geo of Cr were general <1 except at Te1 and Te2, with I-geo of 1.20 and 1.11 respectively. Cu had a maximum I-geo of 2.57 at Te1 while Mn had a maximum of 1.45. The I-geo of Fe was generally <1, except at Pt2. The result shows that some of the sampling areas were moderately polluted with the metals.















	Table 4.3 Geoaccumulation Index(I-geo) of Heavy Metals

	Industry
	Pb
	Zn
	Cd
	Cr
	Cu
	Mn
	Fe

	Ph1
	1.23
	0.34
	0.56
	0.84
	-0.38
	0.33
	0.32

	Ph2
	1.12
	0.08
	1.10
	0.61
	0.25
	0.76
	0.87

	Pt1
	2.00
	0.71
	0.00
	0.94
	0.86
	1.45
	0.96

	Pt2
	2.15
	0.61
	1.20
	0.93
	0.88
	1.22
	1.20

	Te1
	2.62
	0.52
	0.71
	1.20
	2.57
	0.25
	0.29

	Te2
	2.30
	0.01
	0.74
	1.11
	1.46
	0.18
	0.21















4.1.4 Enrichment Factor (EF) of the Metals

The result of enrichment factor (EF) of the investigated metals (Pb, Zn, Cd, Cr, Cu, Mn and Fe) is presented in table 4.5. The enrichment factor was based on the standardization of the element investigated against a selected reference metal. EF<2 implies a deficiency to minimal enrichment of the metal tested; 2-5 indicates moderate enrichment and 5-20 significant enrichment due to anthropogenic input. The EF of Pb in all the areas ranged from
0.49 to 2.24, with a mean of 1.40. The EF of Zn in all the areas was <2.2. Zn had a maximum EF of 1.3, at Te1. The EF of Cd was from 0.00 to 8.7, with the highest enrichment being at Pt2(1.20). The EF of Cr was < 2 except at Te1 (2.01) which imply moderate enrichment. The EF of Zn and Fe in all the areas was less than 2. Cu and Mn have EF values ranging from 0.63 to 5.2 and 0.92 to 1.41 respectively. The EF of Cu in most of the studied area was
< 1, except at Te1 and Te2 with a maximum of 5.2 and 2.5 respectively. The EF of Fe ranged from 0.95 to 1.11 with Ph2 and Te1 having the highest and lowest respectively.












	Table 4.4 Enrichment Factor ( EF) of Heavy Metals in Soil

	Industry
	Pb
	Zn
	Cd
	Cr
	Cu
	Mn
	Fe

	Ph1
	0.80
	1.01
	0.92
	1.43
	0.63
	1.01
	1.01

	Ph2
	0.49
	0.58
	1.20
	0.84
	0.98
	0.92
	0.95

	Pt1
	2.16
	0.84
	0.00
	0.99
	0.92
	1.41
	1.04

	Pt2
	2.00
	0.72
	2.70
	1.70
	0.79
	1.20
	1.02

	Te1
	2.24
	1.30
	1.43
	2.01
	5.20
	1.04
	1.11

	Te2
	1.89
	0.92
	1.52
	1.97
	2.50
	1.01
	0.97












4.1.5 Correlation Analysis Among Soil Physicochemical Properties and Heavy Metals

Table 4.6 shows the result of Pearson correlation analysis among various physicochemical properties of the soil. The result shows a significant positive correlation of Zn with soil pH and EC. Inter-elemental analysis also indicates a significant correlation of Zn with Cr and Mn. Zn was however negatively correlated with Cd. Pb was positively correlated with soil pH and EC. There was a strong positive correlation of Pb with Cr and Cu. The correlation between Cd and TOM was significantly positive. Cd significantly positively correlated with Fe. Cr significantly positively correlated with soil EC, while Mn positively correlated with pH, clay and silt components of soil. Fe significantly positively correlated with Cd and Mn but negatively with silt component of the soil.










Table 4.6 Correlation Analysis Among Soil Physicochemical Properties


	
	pH
	EC
	TOM
	Sand
	Silt
	Clay
	Pb
	Zn
	Cd
	Cr
	Cu
	Mn
	Fe

	pH
	1
	
	
	
	
	
	
	
	
	
	
	
	

	
EC
	
0.27
	
1
	
	
	
	
	
	
	
	
	
	
	

	
TOM
	
-0.48
	
0.25
	
1
	
	
	
	
	
	
	
	
	
	

	
Sand
	
-0.30
	
0.53
	
-0.15
	
1
	
	
	
	
	
	
	
	
	

	
Silt
	
-0.05
	
0.73*
	
0.43
	
-0.85
	
1
	
	
	
	
	
	
	
	

	
Clay
	
0.34
	
0.33
	
0.05
	
-0.95
	
0.67*
	
1
	
	
	
	
	
	
	

	
Pb
	
0.31
	
0.57
	
0.04
	
0.06
	
0.18
	
-0.27
	
1
	
	
	
	
	
	

	
Zn
	
0.61
	
0.76*
	
-0.24
	
-0.23
	
0.21
	
0.17
	
0.48
	
1
	
	
	
	
	

	
Cd
	
-0.60
	
-0.20
	
0.29
	
0.36
	
-0.18
	
-0.30
	
-0.06
	
-0.16
	
1
	
	
	
	

	
Cr
	
0.37
	
0.69*
	
0.21
	
0.10
	
0.11
	
-0.25
	
0.84*
	
0.71*
	
0.03
	
1
	
	
	

	
Cu
	
0.11
	
0.68*
	
0.03
	
-0.05
	
0.39
	
-0.23
	
0.89*
	
0.43
	
-0.08
	
0.69*
	
1
	
	

	
Mn
	
0.48
	
0.42
	
-0.16
	
-0.37
	
0.16
	
0.46
	
0.12
	
0.72*
	
0.27
	
0.36
	
-0.08
	
1
	

	
Fe
	
0.07
	
0.16
	
-0.01
	
0.05
	
-0.10
	
0.04
	
0.13
	
0.45
	
0.72*
	
0.35
	
-0.12
	
0.84*
	
1


*correlation is significant at 0.05 level (2-tailed).










4.2 DISCUSSION

4.2.1 Physicochemical Properties of the Soil

Table 4.1 shows the physicochemical properties of the soil samples analysed. The soil pH ranged from 6.64±0.46 to 7.35±0.22. This implies that the soil in the study area is neutral to slightly alkaline. The value obtained is lower than the pH range of 6.22-8.40 documented by Okunola (2007). It is however close to that reported by Umoru (2013) in a similar study. The least pH value was obtained at the vicinity of pharmaceutical industry (Ph1). This may be attributed to the acidic waste discharged into the soil from the manufacturing process of drugs. The pH values are characteristic of areas were rainfall is low thus reducing leaching of cations and resulting to the accumulation of base forming cations on the soil surface (Akoji, 2010). Alkaline soil condition will result to increase in heavy metal concentration in the soil (Nath, 2013; Bansal, 2004).

The electrical conductivity (EC) of the soil sample fluctuates within 287.5±0.13 to 506.3±0.44. The mean value obtained was 362.6±0.56. The variation in EC values of the samples show the differences in the dissolved salt content of the studied soils. The mean organic matter content obtained in the study is 2.92 %. Such low organic matter content

would affect the ability of the soil to absorb heavy metals through cation exchange and chelate formation. Thus, heavy metal would be poorly binded to the soil surface and made readily mobile and available for plant uptake and underground water contamination (Nath, 2013). The high percentage composition of sand implies that such soil would enhance the leaching of soil heavy metals from soil surface. Generally, the concentration of heavy metal in soil increases with decrease in the sizes of the soil particles (Sayyed and Sayadi, 2011).
4.2.2 Total Heavy Metal Concentration of the Soil

The result in table 4.3 shows a significant variation in the heavy metal content of the soil investigated. Such differences are apparent and could be attributed to the differing activities; raw materials and consequently effluents discharged into the environment (Ogbemudia and Mbong, 2013).
4.2.2.1 Lead

Pb was present in appreciable amount in all the soil samples analysed. The mean concentration ranged from 20.01±0.85 µg/g to 77.18±0.40 µg/g. The concentration of Pb at the vicinity of Te1 (77.18±0.40 µg/g) was higher than that of Te2 (61.74±0.40 µg/g). The elevated concentration obtained might be due to presence of mechanic workshops, garbage disposal sites and commercial roads along this area, thus making the soil to be relatively prone to Pb from vehicular discharge, garbages and other Pb bearing materials (Yahaya, Ezeh, Musa and Mohammad, 2010 ; Gilbert et al., 2009). The concentration of Pb at Ph1 (29.35±0.44 µg/g) was slightly higher compared to that at Ph2 (26.89±0.36 µg/g). The disparity in concentration was small thus suggesting a common origin. The concentration of Pb at Ph2 was the least among all the industrial areas. The source of Pb in this area could be

attributed to leaching and runoff of the metal from sources around the vicinity as well as traffic in the area. There was a significant difference in the concentration of Pb at Pt2 (55.29±0.10 µg/g) and Pt1 (44.91±0.26 µg/g). The difference in the metal content may be due to the higher organic matter content of the soil in this area. Higher organic matter enhances the adsorptive capacity of the soil thus favouring the accumulation of heavy metals (Afshin and Farid, 2007). The presence of large traffic in this area is also a contributing factor. The mean concentration of Pb obtained in this study is higher than Soil quality criteria of 55µg/g reported by Cheng for soil in South Africa. The result was however lower than
151.5 – 540 µg/g reported by Inuwa et al. (2013) in a similar study. The concentration of Pb is also lower than the European Union (EU) upper limit of 300 µg/g reported by European Commission (2000). The concentration of Pb obtained was however higher than the background concentration of 25 µg/g of Pb in soil (Canadian Environmental Quality, 1992). It is also within the range of 2 - 200 µg/g documented by the United State Environmental Protection Agency (USEPA, 1991) as the permissible limit of Pb in soil. The concentration of Pb in the sampling area where generally higher than the control.
4.2.2.2 Zinc

The concentration of Zn obtained ranged from 134.63±86.30 µg/g to 217.96±38 µg/g. The concentration at Pt1 (217.96±0.16 µg/g) was higher when compared to Pt2 (205±0.46 µg/g) which might be due to the preferential accumulation of Zn in the clay and silt components of the soil. However the difference at Pt1 and Pt2 was not significant at P<0.05. Reduced soil particle sizes favour higher metal concentration due to enhance surface interaction (Sayyed and Sayadi, 2011). The generally higher concentration of Zn in vicinities of paint industries is because Zn is widely used to make paint and dye (David and Stokes, 2008). The

concentration at Te1 (191.15±0.98 µg/g) was higher than Te2 (134.63±1.10 µg/g). Te2 has been in a state of dormancy for many years, this no doubt might have contributed to the decrease in the extent of soil contamination by Zn in this area. Soils in area with longer history of industrial activities tend to show higher contamination by trace metals (Afshin and Farid, 2007). The concentration of Zn in the study area was three times higher than that of the control. The result of Zn concentration in the area studied is higher than 36 - 113 µg/g reported by Shamah and Prasade (2009) and 121 µg/g reported by Shivah et al. (2012). It is lower than the WHO (2000) standard of 300 µg/g maximum permissible limit of Zn in soil. It is however within the range of 10 - 300 µg/g allowable limit of Zinc in soil (USEPA, 1991). Zn is an essential trace metal in soil, however at high concentration, it may be toxic to plants and animals. It also has high tendency to bind to soil organic matter and has higher availability at lower pH.
4.2.2.3 Cadmium

Cd was not detected in most of the soil samples. The concentration of Cd obtained in some of the industrial areas was on average comparable to the background concentration of Cd in soil. It can therefore be inferred that the source of the element in such areas could partly be due to anthropogenic contribution and the gradual disintegration of the parent rock that formed the soil. However, appreciable concentrations of Cd were also obtained in some of the study area. The highest concentration of Cd (1.5±0.02 µg/g) was obtained at the vicinity of paint industry (Pt2), While Cd was not detected at Pt1. This could be due to the proximity of Pt2 to an electroplating and alloying company. Cd is known to be a major component in the manufacture of anticorrosive coatings for metals, solders and bearing alloys (David, 2008). The concentration of Cd obtained at Te1 and Te2 did not differ significantly which

point to a common source. The result obtained is higher than 0.1 – 0.7 µg/g reported by Inuwa et al. (2013) and the permissible limit of 0.1 – 1.0 µg/g reported by Fabis (1987). It is however lower than the concentration range of 0.14 to 7.0 µg/g reported by Yahaya et al. (2010) and the permissible limit of 22 µg/g as soil quality criteria for industrial soil in Canada (Oniawa, 2001). Cd in soil is readily absorbed by plants and thus accumulates and passes along the food chain. Consumption of plants containing 3.0 ppm Cd can poison man and animals. It interferes with enzymes and other proteins and causes damages to body organs (David, 2008).
4.2.2.4 Chromium

The mean range of Cr obtained was from 29.25±0.70 µg/g – 41.25±0.14 µg/g. The highest concentration of this metal was obtained at the vicinity of textile industry, Te1 (44.20±0.35 µg/g). Chromium containing compounds are major raw materials used in textile industries and some other industries. Chromium compound are used as colouring agents for textiles and mordant; leather tanning and emerald green glass (David, 2008). The concentration of Cr at Te1 was however higher than that at Te2. The concentration of Cr at Pt1 and Pt2 did not differ much. Cr concentration at Ph1 (34.25±0.70 µg/g) was higher than Ph2 (29.25±0.70 µg/g ), which could be due to the higher clay and silt content of soil at Ph1. Heavy metals are found mainly in the clay and silt fractions than sand. Trace metal concentrations increase with decrease in particle sizes (Amusan, Bada and Salami, 2000). The concentration of Cr from the soil of textile industry is higher than 6.6 to 22 µg/g reported by Shiva (2012) in his study on heavy metal pollution in industrial area in India as well as 0.5 µg/g reported by Nwajei (2002) in a similar study. It is however lower than 14.2 – 92.7 µg/g reported by Inuwa et al.

(2013). The concentration of Cr obtained is also lower than the soil quality criteria of 87 µg/g for Canadia (industrial) soil ( Onianwa, 2001).






4.2.2.5 Copper

Data on the concentration of Cu in the soil samples analysed are shown on the table. Cu was present in the various samples analysed. The concentration of copper ranged from 8.32±0.26 – 54.40±0.20 µg/g. With the exception of soil samples from the vicinity of paint and textile industries, most of the soils investigated have Cu content close to that of the control (8.32±0.26 µg/g). The concentration of Cu at Te1 (74.40±0.20 µg/g) was higher than
34.37±0.16 µg/g obtained at Te2. The elevated concentration of Cu at Te1 suggests additive input from agricultural activities in the vicinity. Copper is a component of fabrics and leather, electrical wiring and some agricultural fungicides (David, 2008). The concentration of Cu at Ph2 (14.87±0.85) was almost twice that recorded at Ph1 (9.58±0.70). This may be due to runoff and mobility of various copper- containing metallic wastes discharged from the neighbouring metallic industries in its vicinity.
The Cu content at Pt1 (22.40±0.26 µg/g) and Pt2 (22.95±0.46 µg/g) were not significantly different. The concentration of Cu obtained is lower than 100 µg/g reported by Reimann et al. (2000) as soil quality criteria for Norway soil; 5.34 – 198.23 µg/g by Abida et al. (2009) for India soil and 467 µg/g by Iyaka and Kakulu (2012) for Nigeria soil.
4.2.2.6 Manganese

On average, soil contains 600 µg/g of Mn and a concentration range of 200 – 3000 µg/g (Akoji, 2010). The concentration of Mn in this study ranged from 81.15±0.44 µg/g to 200.0±0.31 µg/g. The lowest and highest concentrations were obtained at textile (Te1) and paint industry (Pt1) respectively. Comparisons of the result obtained with the normal background concentration of cupper in soil shows less contamination. There was no significant difference in the concentration of Mn at Pt1 and Pt2. This could be as a result of similarity of the industrial processes. It also points to a common source of the metals. The concentrations of Mn obtained in this study is within the range of 600 µg/g documented by USEPA (1991) as the background concentration of Mn in soil.
4.2.2.7 Iron

Fe was observed to be largely present in all the soil samples analysed. It has a mean concentration ranging from 1185.8±4.66 - 2488±1.37 µg/g. The highest concentration was obtained from paint industry, Pt2 (2488±1.37 µg/g) while the lowest from textile industry, Te2 (1186±4.66 µg/g). The concentration of Fe obtained was several times higher than those of other elements. Various researchers have reported the higher abundance of Fe on the earth crust in relation to most other trace metals (Adebiyi et al., 2007; Fagbote, 2010). The Fe content of soil at Pt2 (2488±1.37 µg/g) was relatively higher when compared to that at Pt1 (2100±1.49 µg/g). The concentration of Fe at Ph2 (1978±2.47 µg/g) was also higher than that at Ph1 (1351± 1.69 µg/g) which implies a different extent of soil contamination by the metal. This may be due to the Fe content of the parent material. There was no significant difference in the concentration of Fe at Te1 (1200±2.69 µg/g) and Te2 (1185±4.66 µg/g). The concentration of Iron in various soil samples differ depending on their origin and mineralogical content of the parent material (Abida et al., 2009). The presence of

neighbouring metal industries that manufacture iron-containing products could have contributed to the enriched content of Fe in this area. Trace elements are readily leached and washed away to other areas. Mobility of trace metals occur more readily at lower pH (Bozkurt et al., 2000). The concentration of Fe obtained in this study is small when compared to the tolerable limit of 26,000 µg/g of Fe in soils (USEPA, 2004). The mean concentration of Fe in most of the site is within the range of 6761-6234 µg/g reported by Abida et al. (2009) for Indian soil. The concentration of Fe obtained is lower than the maximum value of 6000 µg/g reported by Yahaya et al. (2013).
4.2.3 Geoaccumulation Index (I-geo) of Heavy Metals in the Soil.

The background concentration of the metal in soil was used as a basis of ascertaining the degree of pollution. The result of I-geo is shown in table 4.5. It was observed that the soil was moderately to heavily polluted with Pb, most especially the soil at the vicinity of textile industries (Te1 and Te2). The highest contamination of soil by Zn occurred at Pt1 (0.71). The I-geo of Zn obtained showed that the soil was unpolluted to moderately polluted with Zn. The mean I-geo of Cd in the study area also indicates moderate pollution with the element. With the highest level of pollution at Pt2 (2.70). Most of the soils studied were unpolluted to moderately pollute with Cr, Cu and Mn. The soil at Te1 has the highest pollution by Cr (I- geo= 1.2).
The I-geo of Fe in most of the samples was <1, thus implying uncontaminated to moderate contaminated soil, while that at Pt2 was < 2, suggesting moderate pollution. The mean I-geo of most of the metals investigated therefore showed uncontaminated to moderate contamination of the soil. Thus Cd, Pb , Fe and Cr have the highest degree of pollution.

4.2.4 Enrichment Factor (EF) of Heavy Metals

Table 4.6 gives the enrichment factor (EF) of the metals investigated in the soil. EF values that are less than or equal to 1, generally indicate that the element is from lithogenic origin, while EF > 1 suggests that the metals are from anthropogenic contribution (Akoji, 2010). The EF of Pb obtained was generally <2 except at Pt1 and Te1 with 2.16 and 2.24 respectively. This implies that soil at Te1 and Pt1 are moderately enriched with Pb. The soil samples had a depletion to minimal enrichment with Zn (EF<2). The EF of Cd indicates a depletion or moderate enrichment. Its maximum EF of 2.7 at Pt2 however shows an enrichment of the metal due to anthropogenic input. The maximum EF of Cr obtained is 2.01. This value shows a moderate pollution by this metal. Its mean value of 1.49 indicates deficiency to minimal enrichment. With the exception of Te1 and Te2 which show significant pollution and moderate pollution respectively by Cu in some sites, the EF of Cu in all the samples indicates deficiency to minimal enrichment. The EF of Mn which was generally <2 in all the areas also showed a minimal enrichment. Based on the result from EF. The pollution of the soil by the metals can be arranged in the increasing order: Zn<Fe<Mn<Pb<Cr<Cd<Cu.
4.2.5 Correlation Analysis

The result of correlation analysis shows that Zn is significantly positively correlated with pH and electrical conductivity of the soil. Soil pH is the major factor that controls metal mobility in soil. Metal cation solubility typically increase with a decrease pH. As pH decreases, the solubility of the metal cation increases due to desorption from soil minerals such as metal oxides, hydroxides and carbonates (Bozkurt et al., 2000). The significant positive correlation of Zn with Cr and Mn suggests the close association between the origin of these metals in

the soil. The positive correlation between Pb and the pH and EC of the soil also indicates the significant role of such soil parameters in determining the solubility and mobility of the metals in soil. Pb also correlated positively with Cd and Cu thus suggesting the similarity in the source of these metals due to their close association. The positive correlation of Cd with total organic matter highlights the influence of total organic matter in soil metal concentration. Soil organic matter is a principal variable that affects the spatial distribution of heavy metals in soil (Afshin, 2007). Increase in soil organic matter content lead to elevation of soil adsorption capacity hence enhancing the accumulation of trace metals. The significant correlation of Cr with soil EC may be due to increase in the level of exchangeable Cr in the soil. The level of Cr in the soil is also controlled by the exchangeable Cr in response to pH (Akoji, 2010).










CHAPTER FIVE

5.0 CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

The research done within the framework of this thesis has highlighted the physicochemical and heavy metal concentration in the studied areas. It has also portrayed the need for a continuous monitoring of heavy metals in soil, most especially in industrial areas due to their tendency to bioaccumulate in plants and animals. Results from enrichment factor and geoaccumulation index have also shown the extent of soil contamination by these metals.
5.2 Recommendations

Sequel to above, the following recommendations are put forward in order to reduce the risk associated with these metals and ensure environmental protection:
i. There should be constant treatment of waste by industries before discharge to the environment.
ii. Environmental protection agencies should ensure thorough and constant monitoring of industrial activities in these areas alongside the treatment and discharge of effluents.

iii. Other researches should be carried out in this area with emphasis on the speciation of these metals.
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Fig. 1: Concentration of Pb in various industrial areasIndustrial areas
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Fig. 2: Concentration of Zn in various industrial areas
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Fig. 3 : Concentration of Cd in various industrial areas50
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Fig. 4: Concentration of Cr in various industrial areasIndustrial areas
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Fig. 5: Concentration of Cu in various industrial areasindustrial areas
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Fig. 6: Concentration of Mn in various industrial areas
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Fig. 7: Concentration of Fe in various industrial areasIndustrial areas
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Fig. 8: Concentration of heavy metals in pharmaceutical industries
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Fig. 9: Concentration of heavy metals in textile industries1400
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Fig. 10: Concentration of heavy metals in paint industries
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