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CHAPTER ONE 

INTRODUCTION 

1.1 Background of the Study 

The natural environment, including air, land or soil and water, were relatively 

undisturbed and uncontaminated before the advent of industrial revolution (Sharma, 

2002). Anthropogenic activities expressed in mechanized farming, industrialization, 

mining and power generation etc. constitute environmental hazards directly or indirectly. 

Rapid industrialization, coupled with development in power  generation to sustain the 

industries has left with us polluted rivers , contaminated soils, depleted wild life and  

some natural resources. With the recent modernisation in almost every facet of human 

activities, the environment is gradually being contaminated undesirably  and, therefore, 

harmful to  the health of living organisms including man (Sharma, 2002). 

Such other anthropogenic activities like coal exploration, add to the hazardous emissions 

which adversely affect our health (PSR, 2009).The coal fired power plant at Oji was 

commissioned in 1956, and operated at full capacity of 30 mega watts for over 10 

years.The plant was closed down between 1967 and 1970 as a result of the Nigerian civil 

war. After the civil disturbances, the plant resumed operations with lesser output of 12 

mega watts. However, this output could not be sustained as the operations systematically 

began to fluctuate, just as the level of oil exploration  kept increasing. The fluctuations in 

the operations led to the decline in the plant‟s  output, until it was finally closed down as 

a result of non-availability of coal due to the drift of attention to oil exploration and 

possible reduction in its technology (Ossai, 2011). 

The oil boom of the 1970‟s adversely affected other key segments of the Nigerian 

economy. Farms and industries established in the 1950,s and 1960,s were neglected and 

mostly abandoned, and the Coal Industry was not an exception. As a result of oil 

exploration, major coal consumers diverted   to diesel for their operations. Consequently, 

there was drastic decline in the coal market, and this affected further mining. The Federal 
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Government of Nigeria declared the industry nonviable and closed it down to give way to 

the privatization  (Ossai, 2011).                                       

However, the need to explore   alternative power sources, in order to stabilize electricity 

supply in Nigeria, necessitated the approval of contract worth of 1.7 billion Naira in 

February 2011, by the Federal Executive Council of Nigeria.  The contract involves the 

feasibility studies and detailed engineering design for the coal mining, as well as the 

drafting of documents for the two coal fired power plants to be located in Enugu and 

Benue/Kogi /Gombe axis (FMMSD, 2008). 

When coal mining and its utilization were going on at Enugu and Oji respectively, 

emphasis were mostly on how to expand the coal market, increase the output and 

maximize profit. There was no mitigation measure put in place to control the 

environmental and health effects of the mining and burning of coal, neither was there a 

scheme for the prevention of occupational health hazard among workers (Falola, 2009). 

Nigeria has extensive coal reserves in  different parts of the country.The Nigerian coal 

has been found to be suitable for  boiler fuel, production of high calorific gas, domestic 

heating briquettes, formation of coke and the manufacturing of a wide range of chemicals 

including waxes, resins, adhesives and dyes. Their characteristic properties (low sulfur 

and ash content and low thermoplastic properties), make these sub-bituminous coals ideal 

for coal fired electric power plants (FMMSD, 2008). 

Considering the advantages of Nigeria‟s coal, the Federal Government is making every 

necessary arrangement to re-activate the coal industry in order to boost electricity 

generation. While, the Federal Government is making genuine effort to overcome the 

herculean task of providing sufficient and stable power supply in Nigeria, it is very 

necessary and timely to study the impact of coal ash deposit from the coal fired power 

plant at Oji.The data generated will enable the government to see the need for 

incorporating environmental sustainability into the new power project. 

Chemical constituents of coal ash include nitrogen, sulfur, unburned carbon, heavy 

metals, radioactive elements and polycyclic aromatic hydrocarbons (PAHs). Coal ash 
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also contains coarse particles and fine particles which can be inhaled and may contribute 

to public health and environmental problems.The hundreds of tons of coal ash generated 

in about 40 years of power generation from the coal fired power plant were dumped on 

exposed surface ground adjacent the Oji River and close to residential staff quaters of the 

PHCN (Ruhi et al., 2009). If the coal ash dumpsite is not properly lined, the contaminants 

in coal ash can leach into the ground water and often migrate to drinking water sources, 

posing significant public  health concerns. More so, the toxic elements may enter the food 

chain and those who depend on the food items cultivated on such area may be exposed to 

various health risks. 

Contamination of the surface and sub-surface environment by heavy metals is a major 

challenge facing both the developed and the developing nations. There is therefore, the 

need to carry out detailed studies of major human activities in order to regulate this ugly 

trend. Heavy metals may enter the soil and aquatic environments via sewage sludge 

application, mine wastes, industrial wastes disposal, atmospheric deposition and 

application of fertilizer and pesticides(Adaikpoh  et al., 2005). 

Thermal power plant generates large amounts of fly ashes which contain toxic metals 

(Somesh, 2011).The disposal of coal ash subjects these metal rich materials to condition 

that results in further sequestration of the metals or to their release to the environment. 

The release and transport of heavy metals from coal ash materials is an area of 

environmental concern (Lokeshoppa and Anil, 2012). 

The major potential impacts of fly ash disposal or in recycled form lead to leaching of 

potentially toxic substances into the soils, surface and ground water. Environmental 

concerns regarding the potential contamination of soil, surface and ground water due to 

the presence of soluble metal species in the ash pond leachate is of great concern (Kim, 

2003). 

There is also a growing concern by the clean air task force over pollution and global 

warming caused by conventional power plants, which can adversely affect atmospheric 
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processes that regulate the global energy and heat balance. This in turn may have serious 

implications for the stability of life on the earth (CATF, 2010). 

There are severe health effects and other environmental effects of coal burning especially 

in power stations. Coal fired power plants emissions were estimated to shorten nearly 

24000 lives a year in the United States, including 2800 from lung cancer (MSNBC, 

2004). In addition to deadly atmospheric pollution, coal burning produces hundreds of   

millions of tons of solid waste products annually, including fly ash, bottom ash and flue 

gas desulfurisation sludge that contain mercury, uranium, thorium, arsenic and other 

heavy metals (MSNBC, 2004). 

Coal ash is the collective term for the various solid remnants left over from burning the 

black rock to produce electricity. The ash amounts to dirty stuff, replete with toxic 

constituents. Exposure to its toxins can lead to cancer, birth defects, gastro-intestinal 

illnesses and reproductive problems and teratogenesis (Duszak, 2011). 

For decades, the dangers of coal ash had largely been hidden from public view. However, 

there was a sudden change in December 2008, when an earthen dam holding a billion 

gallons of coal ash in a pond collapsed in Kingston, Tennessee (Babara et al., 2010). The 

40 acre pond spilled the coal ash slurry into the adjacent river valley, covering some 300 

acres with thick toxic sludge, destroying three homes, damaging many others and 

contaminating the Emory and Clinch rivers. When the US Environmental Protection 

Agency tested the water samples after the spill, they found toxic heavy metals including 

arsenic which they measured at 149 times the allowable standard for drinking water. 

Water samples also contained elevated levels of other toxic metals such as lead, thallium, 

barium, cadmium, chromium, mercury and nickel (Barbara  et al., 2010). 

The out- cry about the environmental and health effects of coal ash by environmentalists, 

and people living close to the coal fired power plants all over the world is already 

polarizing the center of polity of some civilized nations. In the United States the Lower 

House had passed a bill aimed at preparing the legal frame work which will enable them 

to regulate and manage the disposal of coal ash (Dewan, 2009). 
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1.2 Statement of the Problem 

coal ash is one of the major sources of pollution affecting the general aesthetics of our 

environment in terms of air, soil and water pollution (Ghosh et al, 2015). This is due to 

the fact that coal ash contains significant amounts of fine powdered ferro-alumino-silicate 

material with Al, Ca, Mg, Fe, Na and Si as the predominant elements and toxic metals 

such as As, Ba, Hg, Cr, Ni, V, Pb, Zn and Se (Mishra et al 2013). United States 

Environmental Protection Agency (USEPA 2010), reported that Living next to a coal ash 

disposal site can increase ones risk of cancer or other diseases. More so, that the use of 

dry landfills and disposal units without composite liners to prevent leaking and leaching 

such like the coal ash dump at Oji increases the risk from disposal units. Coal ash toxics 

also travel through the environment due to erosion and runoff and through the air as fine 

particles or dust (Duszak, 2011).  

Forty years operations of a contemporarily non-operative coal based thermal power plant 

commissioned in 1956 at Oji in Enugu state, generated a huge amount of ash dumped in a 

nearby unlined dump site. Though the thermal power plant has remained moribund for 

more than twenty years, but some staff of PHCN are still residing in the vicinity. The 

inhabitants of the neighboring communities have converted the coal ash dumpsite and its 

surroundings to farming and grazing land; obviously, this may threaten the food chain 

with heavy metals pollution.  

Although reports from earlier studies like Ogbuagu (1999 and 2006), Adaikpoh et al., 

(2005) and Ohimain et al., (2014) dwell more on chemistry, geology and economic 

importance of the coal, little or no work was done on the coal ash where most of the 

constituents of coal concentrate after the burning of coal. Also, the heavy metal 

concentration or their chemical forms in these farming and grazing lands where coal ash 

was dumped at Oji in Enugu state were not known. It is against this background that this 

study focuses on the evaluation of the impact of heavy metals on the environment around 

Oji coal ash dump in Enugu state, Nigeria. It is expected that the results will enable us to 

confirm whether the study area is polluted with heavy metals and if the pollution is 

related to coal ash as reported in the literature. 
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1.3  Aim and Objectives of the Study 

  The aim of this study is to evaluate the impact of heavy metals on the environment 

around Oji coal ash dump in Enugu State, Nigeria.             

The Specific Objectives of the Study are to; 

1.  determine the concentration of heavy metals in the soil, water and sediment of 

Oji-River, drinking water sources and leaves of five common plant species in   the 

area of study, (Aspilia Africana, Abelmoschus esculenta, Manihot esculenta, 

Panicum maximium and Zea mays). 

2.  identify and quantify different chemical forms (speciation) in which the metals 

exist in the soil and sediment of Oji-River within the study area. 

3.  compare the variation in concentration levels among the heavy metals in the study 

area and their fractions using statistical analysis of variance (ANOVA). 

4.  correlate the results of the heavy metals concentrations in the drinking water 

samples, Oji river water samples, bio-available sediment samples and plant leaves 

samples with the bio-available metals in the soil samples and to determine whether 

they are positively or negatively related. 

5.   ascertain the possible human health risk caused by heavy metals to the 

inhabitants of the study area. 
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1.4 Justification of the Study 

i. i Most of the available literature on Nigerian coals deals more on coal geology, 

geochemistry, and economic importance, rather than the coal ash. 

ii. ii Literature available suggest that most studies conducted so far on coals in 

Nigeria have not considered heavy metal pollution of the environment related to 

coal ash dump site. 

iii. iii Publications from studies outside Nigeria and Oji in Enugu State cannot be 

convincingly used as models for the study area since their coal formation, 

geochemistry and ash disposal method may not be the same. 

iv. iv  Meanwhile, the Federal Government is planning to resuscitate the coal industry 

and burn the abundant coal reserves to generate electric power.  
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1.5  The Study Area 

The area under study is in Oji town, Oji River Local Government Area of Enugu State 

(Fig.1.1).The coal ash dump site and the power generating plant are separated by a 

distance of about 800 m.The location of the study area measured with GPS (etrex 30) 

model, shows that the power generating plant, Plate 1.1, lies on an elevation of 56m, at 

latitude 6° 15' 22.824'' N and longitude 7° 16' 26.148'' E, while the coal ash dump ( plate 

1.2), lies on the elavation of 89m, at latitude 6° 15' 21.996'' N and longitude 7° 16' 40.08'' 

E. The place was originally owned by Umubo village in Agbalaenyi Ward Nachi in Udi 

Local Government Area of Enugu State,before it was declared urban, following the 

commissioning of the power plant in 1956. Umubo community is separated by Oji River 

bridge from Ubaka community in Ugwuoba town on the left from Awka and Ahani 

community in Achi town on the right.The coal ash dump covers an area of about 600 m 

by 300 m and about 80m depth from the Oji river water level (Plate 1.2). It is bounded in 

the East by Oji River water, in the West by the staff qaurters of PHCN, in the North by 

Umubo community, and in the South by the PHCN power generating plant (Plate 

1.1).The people are dorminantly farmers and petty traders with few public workers. 
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Fig 1.1: Map of Oji River Local Government Area Showing the study Area 
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PLATE 1.1: Front View of the Coal Fueled Electric Power Plant at Oji. 

 

PLATE 1.2: Side View of Coal Ash Dump Site from the East Axis 
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1.6 The Scope of the Study  

i. Mapping out and taking GPS location of the study area and the power plant. 

ii. Collection of samples from the soil, sediment of Oji River, water and leaves of 

Abelmoschus esculenta, Aspilia Africana, Manihot esculenta, Panicum 

maximum and Zea mays from the study area and the control.  

iii. Pretreatment of the samples for further laboratory analysis. 

iv. Sequential extraction of soil and sediment samples. 

v. Digestion of the plant leaves samples. 

vi. Determination of the concentration levels of the thirteen metals; Fe, Mn, Ni, 

Pd, Cd, Cr, Cu, Co, Zn, As, Mo, Se and Hg using AAS. 

vii. Evaluation of the possible human health risks of the study area. 

viii. Treatment of data with analysis of variance and statistical correlation. 

ix. Comparative analysis of the results of the study area with the background. 

 

1.7  SIGNIFICANCE OF THE STUDY 

This study is relevant to both the environmentalists and researchers as it will redound to 

the knowledge of heavy metals contamination of the area.  

The findings of this study will be of immense benefit to the Federal Government of 

Nigeria and by extension, the Federal Ministry of Mines and Solid Mineral Development, 

considering the Federal Government„s plan to resuscitate the coal industry. 

It will also benefit the Enugu state Ministry of Environment and the inhabitants of the 

area because the sequential extraction (speciation) adopted in this work will provide 

predictive insight on the bioavailability, mobility and fate of heavy metal contaminants in 

the study area. 
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Importantly, this study will be relevant to both the Ministry of Agriculture and Water 

Resources since the heavy metal soil-plant and soil-water transfer will be predicted as 

they are influenced by bioavailability and mobility of heavy metals in the soil. 

The findings of this study will help to educate residents and those who depend largely on 

water and food crops from the study area on the dangers of heavy metal toxicity.  

The inhabitants of the study area will benefit from this study, since the use of health risk 

assessment will help in predicting the level of human exposure to carcinogenic and non-

carcinogenic effects  

Finally this study is relevant as it will serve as a future reference for researchers in the 

field of environmental studies. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Coal Formation and Utilization 

Coal is an organic sedimentary rock that forms from the accumulation and preservation 

of plant materials, usually in a swamp environment (Adaikpoh et al., 2005). Also coal 

physically can be described as a compact of stratified mass of mummified plant debris, 

interspersed with smaller amounts of inorganic matter and covered by sedimentary rock 

(Ogbuagu, 1999; USEPA, 2010). The properties of any coal depends upon the 

proportions of different chemical components   present in the parent plant debris, the 

nature and extent of the changes which  these components have  undergone since their 

deposition and the nature and quantity of the inorganic matter present (Thomas, 1992). 

Coal has been reported in rocks as old as proteozoic (possibly 2 billion years old) and as 

young as poliocene (2 million years old).The great majority of coal  was laid down during  

the carboniferous period ,a sixty million year stretch when the sea level was high and 

forest of tall ferns and cycades grew in gigantic tropical swamps. Coal is an organoclastic 

rock, it cannot be referred to as mineral because it is not inorganic in nature. In 1985, the 

world coal association reported that coal   is a fossilized form of peat created by the heat 

and pressure of deep burial (WEC, 2010).  

 As plant debris is exposed to the heat and pressure of burial, coalification process is set 

in motion. Coalification usually involves the metamorphic enrichment of the coal 

substance into organically bound carbon. The rank of coal is a qualitative measure of its 

carbon content. The determinating conditions in coalification are temperature and 

pressure. The action of heat and pressure would further homogenise the  mass and 

steadily enrich it in carbon, first at the expense of its oxygen content and later through 

abstraction of hydrogen (mainly in form of methane) (Berkowiitz, 1979). Based on 

composition and properties, coals are assigned to a rank progression that corresponds to 
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their level of organic metamorphism. The basic rank progression from lowest to highest 

is as follows; peat, lignite, sub-bituminous, bituminous and anthracite Ogbuagu, 1999). 

 

2.2  World Coal Deposits 

Coal primarily used as solid fuel is one of the three fossil fuels and is the most widely 

distributed resources. Coal is mined in over one hundred countries spread across the 

continents except Antarctica. The largest reserves are found in USA, Russia, Australlia, 

China, India and South Africa (WEC, 2010). In 2003, It was estimated that there was 

around one exagram (about 998 billion tons of total coal reserves accessible using current 

mining technology) (WEC, 2010).  

In 2005 China was the top producer of coal with almost one third world share followed 

by the USA and India. The energy value of the entire world‟s recoverable coal is 27 zetta 

jouls which is expected to last for 200 years at the current global total energy 

consumption of 15 terra watt per annum (Hamutuk, 2012). 

World coal consumption is about 5.3 billion tons annually, of which 75% is used for the 

production of electricity.China and India use about 1.7 billion tons annually. The USA 

consumes about 1.0 billion tons of coal each year, using about 90% of it for generation of 

electricity (Hamutuk, 2012). 

 

2.3 Nigeria’s Coal Deposits and Its Quality 

Like other parts of the world, coal is the oldest commercial fuel in Nigeria. Exploration 

started in1916 when 24000 tons were produced. Production peaked at nearly one million 

tons in 1959 before declining to the present insignificant or zero level. This is due to the 

reduction in the demand for coal by rail transportation, and switching from coal to gas for 

thermal power generation (Dolbear, 2008). Nevertheless, Nigeria coal reserves are large, 

over 2 billion metric tons of which, 650 million tons are proven.Nigeria‟s coal deposits 
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are restricted to sedimentary basins especially at the middle and the southern parts of 

Benue troughs. Coal is found in other sedimentary basins within the fourteen (14) out of  

thirty-six (36) states of Nigeria, namely; Abia, Adamawa, Anambra, Benue, Cross-River, 

Edo, Enugu, Gombe, Imo, Kogi, Kwara, Nassarawa, Ondo and Plateau as shown in Fig. 

2.1 (Ohimain, 2014). 

The Anambra basin, located in south eastern Nigeria, so far, contains the largest and most 

economically viable coal resources. The basin covers an area approximately 1.5 million 

hectres and is constrained by the Niger River on the west, Benue River on the North and 

Enugu escarpment on the East. The coal is predominantly in one seam, that outcrops 

along the eastern side of the basin at the base of Enugu escarpment, and dips gently 

towards the centre of the basin along the east bank of River Niger (Dolbear, 2008). 

The coal in this basin is sub-bituminous and occurs principally at two levels, the lower 

coal measures (mamu formation), and the upper coal measures (Nsukka formation). In 

addition, Nigeria has the largest lignite deposit in Africa, with reserves of over 50 million 

tons located mainly across the South east and Delta states (Dolbear, 2008).  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.1: Map of Nigeria showing Coal Deposits (Dolbear, 2008) 
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Nigeria‟s coal is largely sub-bituminous coal and  lignite. Its typical characteristics are its 

low sulfur and ash content. It also has low thermoplastic properties, making it very 

attractive for power generation (Ohimain, 2014). Based on current availlable information, 

the coal deposits on the eastern flank of the Anambra Basin appear to contain the largest 

and most economically viable coal resources. 

The results of the energy content and proximate analyses of some selected Nigeria coal 

samples obtained from literature were presented in Table 2.1. Ogboyoga coal deposits is 

on the North east flank of the Anambra coal basin. The coal quality is very acceptable for 

a coal-fired power plant without  any beneficiation. It has a calorific value of 29.4MJ/Kg, 

9.0 percent ash and 0.7 percent sulfur. Okaba coal deposit is located approximately 20 

km south of Ogboyoga area and the main seam also outcrops along the foot of the Enugu 

escarpment.The coal quality is very acceptable for coal-fired power generation with 

average calorific value of 29.7 MJ/Kg, 9.8percent ash, 72.2 percent carbon and 0.8 

percent sulfur (Ohimain, 2014). 

Orukpa coal deposit is located south of Okaba along the foot of the Enugu escarpment. 

The coal quality is suitable for coal-fired power plants averaging 30.6 MJ/Kg, 11 percent 

ash, 75.8 percent carbon and 0.5 percent sulfur. Ezimo coal deposit is located 

immediately south of the Owukpa coal area which extends and merges with  the north of  

Onyeama to the south. The coal quality is also very acceptable for coal-fired power plants 

without any beneficiation. It has a calorific value of 31.3, 6.6 percent ash, and 0.5 percent 

sulfur. Tests reveal that lafia-obi coal is a high volatile medium coking coal, while Enugu 

coal is high volatile non-coking type. The coking characteristic of  Okaba are similar to 

those of Enugu. Lafia-Obi coal is the only coal in Nigeria with appreciable coking 

characteristics but has limitation; a natural problem of excessive ash (15.9%) and sulphur 

7% content with gross calorific value of 30.3 MJ/Kg (Ohimain, 2014). 
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Table 2.1: Proximate Analysis of some Nigerian Coals  

 Quality Parameter Enugu Ogwashi 

Lignite 

Orukpa Okaba Lafia-

Obi  

Ogboyoga 

 Gross calorific 32.9 30.5 30.6 27.7 30.3 29.4 

 Ash (% dry) 11.4 14.4 11.0 9.8 15.9 11.2 

 Carbon (% dry) 79.3 72.1 75.8 72.2 79.3 70.8 

 Hydrogen (% dry) 5.8 6.6 5.0 4.8 0.7 5.2 

 Sulphur (% dry) 8.8 0.8 0.5 0.8 7 0.7 

 Oxygen (% dry) 12.1 - 16.9 20.4 - 21.9 

 Nitrogen (% dry) 2.1 1.0 1.8 1.9 - 1.9 

(Source: Ohimain, 2014) 

 

2.4 Coal Utilization 

In most countries of the world, the primary use of coal is in the production of electricity. 

Most of the coal mined in the United States are transported to power plants, where they 

are crushed to a very small particulate sizes and burned. Heat from the burning coal is 

used to produce steam, which turns a generator to produce electricity. Most of the 

electricity consumed in the United States is made by burning coal (Stanley, 2009). 

Coal has many other uses; it is used as a source of heat for manufacturing processes. For 

example, bricks and cement are produced in kilns heated by the combustion of a 

powdered coal. Coal is also used as a power source for factories. In 1985, World Coal 

Association reported that most coal mined were used for space heating and in the 

locomotive engines used for rail transportation few decades ago. 

Coke production is also an important use of coal. Coke is produced by heating coal under 

controlled conditions in the absence of air. This drives off some of the volatile materials 

and concentrates the carbon content. Coke is then used as high carbon fuel for metal 
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processing and other uses where an especially hot burning flame is needed (Stanley, 

2009). 

If coal is heated, the gases, tars, and residues produced can be used in a number of 

manufacturing processes. Plastics, roofing, linoleum, synthetic rubber, insecticides, paint 

products, medicines, solvents, and synthetic fibres all include some coal-derived 

products. Coal can also be converted into fuels using the Troposc process (World Coal 

Association, 1985). 

 

2.5 Minerals in Coal 

The common minerals in coal (illite clay, pyrite, quartz and calcite) are made up  of the 

most common elements in order of abundance including oxygen, aluminium, silicon, 

iron, sulfur, and calcium. These minerals and less common ones usually contain the bulk 

of the trace elements in coal are presented in Tables 2.2 – 2.4. Minerals in coal 

commonly present occur as single crystals or clusters of crystals that are intermixed with 

organic matter or that fill void spaces in the coal(Stanley, 2009). 

When coal is burned, most of the mineral matter and trace elements generally form ash. 

However, some minerals break down into gaseous compounds, which go out of the 

furnace flue. Pyrite for example breaks into individual elements  iron and sulfur.Each 

element then combines with oxygen to become respectively  iron oxide and  an oxide of 

sulfur, commonly refered to as SOx. Iron oxide which is a heavy solid becomes part of  

the ash, and SOx a gas is emitted as part of the flue gas. Some trace elements  also 

dissociate from their organic or inorganic hosts when coal is burned and follow separate 

paths. These metals become part of the ash,but a few of the more volatile elements such 

as mecury and selenium, may be emitted in the flue gas. The mineral content of coal 

determines what kind of ash will be produced when it is burned (Finkel, 1999). The 

major, minor and trace elements in coal are indicated in Tables 2.2- 2.4. 
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Table 2.2: Major mineral constituents (In general order of abundance)  

Mineral Chemical composition Remarks 

Quartz SiO2  

Clay minerals:    

     Kaolinite Al2Si2O5(OH)4  

     Illite KAl4(AlSi7O20)(OH)4  

    

Montmorillonite 

(½Ca,Na)0.7(Al,Mg,Fe)4(Si,A)4O10]2(OH)4.nH2O   

    Chlorite (Mg.Al.Fe)12[(Si,Al)8O20](OH)16 May have Mn 

(Clays may 

also contain 

Be, Cr, Ni 

and other 

trace 

elements) 

    Pyrite FeS2 May contain 

As, Cd, Co, 

Hg, Ni, Sb, 

and Se. 

    Calcite CaCO3  

    Siderite FeCO3 May contain 

Mn 

(Source: Stanley, 2009) 
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Table 2.3: Minor Mineral Constituents  

Mineral Chemical composition Remarks 

Analcime NaAlSi2O6.H2O  

Apatite Ca5(PO4)3(OH,F,CI)  

Barite BaSO4  

Chalcopyrite CuFeS2  

Clausthalite PbSe  

Crandallite 

group: 

  

     Crandallite CaAl3(PO4)2(OH)5.H2O  

     Florencite CeAl3(PO)2(OH)5.H2O  

     Goreceixite BaAl3(PO4)2(OH)5.H2O  

     Goyazite SrAl3(PO4)2(OH)5.H2O  

Dolomite CaMg (CO3)2  

Feldspars (Ca,K,Na)AlSi3O8  

Galena Pbs  

Marcasite FeS2 May contain 

same elements 

as pyrite 

Monazite (Ce,La,Y,Th,Nd)PO4  

Ruile/anatase TiO2  

Sphalerite ZnS May contain 

Cd 

Xenotime XYPO4   

Zircon Zr(SiO4)  

(Source: Stanley, 2009) 

 

 

Table 2.4: Trace Mineral Constituents  

Mineral Chemical composition Remarks 

Chromite FeCr2O4  

Gibbsite Al(OH)3  

Gold Au  

Gypsum CaSO4.2H2O  

Halite NaCl  

Magnetite Fe3O4  

Muscovite KAl2(AlSi3O10)(OH)2  

(Source: Stanley, 2009) 
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2.6 Environmental Impact of Coal Industry 

The environmental impact of coal industry is wide spread. There are severe health effects 

and other environmental effects of coal burning especially in power stations. In 2008 

world health organization reported that coal particulate pollution are estimated to shorten 

nearly 1,000,000 lives annually worldwide (WHO, 2008).  In  addtion  to deadly 

atmospheric  pollution,coal burning produces hundreds of  millions of tons of  solid waste 

products  annually including fly ash, bottom ash and flue gas  desulfurization  sludge, that 

contain  mecury, uranium. Arsenic,  thorium  and other heavy metals. Coal mining 

generates significant additionally independent adverse environmental and health impacts 

(Gabbard, 2008). Coal fired power plants emit 84 out of the 187 hazardous air pollutants 

(HAPs) identified by USEPA as posing threat to human health and the environment 

(USEPA, 2007). Also coal fired power plants account for 40% of all HAP releases from 

point sources to the atmosphere, more than any other point source category as shown in 

Fig. 2. 2. 

 

 

 

 

 

 

 

 

Fig. 2.2: Proportion of Total Hazardous Air Pollutant Emissions from Coal-Fired Power 

Plants and other Stationary Sources (USEPA, 2007) 
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As shown in Table 2.5, combustion of coal to generate electricity is the predominant 

source of hydrochloric acid emissions to the atmosphere as well as sulfur dioxide and 

oxides of nitrogen which are the most important sources of atmospheric acidity from 

point source (USEPA, 2007). 

 

Table 2.5: Contributions of Coal-Fired Power Plants to Selected Hazardous Air 

Pollutant Emissions 

 

 

 

 

 

 

 

Source: USEPA, 2007. 

 

Heavy metals can be present in amount several times higher than their natural 

background levels and pollute marine sediments in coastal regions near industries 

(Obasohan, 2008). Chromium contamination is common in soils and in both surface and 

ground waters in industrial areas (Katz and Salem, 1994). The high levels of some heavy 

metals in water and sediment of River Ekulu were linked to the mining activities and 

water runoff from Ekulu coal mines (Adaipkpo et al., 2005). Coal mining causes a 

number of harmful effects, when coal surfaces are exposed, pyrite  (iron sulfide ), comes 

in contact with water and air  and forms sulfuric acid. As water drains from the mine, the 

acid moves into the water ways (Ogbuagu, 2006). As long as rain falls on the mine 

tailings , the sulfuric acid production continues, whether the mine is still operating or not. 

Hazardous Air Pollutant  
Percentage of Point Source 

Emissions  

Acid Gases (hydrochloric acid 

and hydrofluoric acid)  
76%  

Arsenic  60%  

Beryllium  28%  

Cadmium  30%  

Chromium  20%  

Cobalt  34%  

Lead  15%  

Manganese  11%  

Mercury  46%  

All Non-Mercury Metal HAPs 

Emitted by Coal-Fired Power 

Plants  

25%  
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This process is known as acid rock drainage (ARD ) or acid mine drainage (AMD).If the 

coal is strip mined, the entire exposed seam leaches sulfuric acid. This leaves the sub-soil 

infertile on the surface and begins to pollute streams by acidifying and killing fish, plants 

and aquatic animals which are sensitive to drastic pH shifts.Coal mining produces 

methane (CH4), a potent green house gas,  and a naturally occuring product of the decay 

of organic matter (Ogbuagu, 2006).  

As coal deposits are formed with increasing depths of burial, rising temperatures and 

pressure over  geological  time, a portion of the methane produced is absorbed by the coal 

and later released from the coal seam during the mining process. Methane accounts for  

10.5% of the green house gas emissions created through human activities (Coal 

Authority, 2007).  

Also, the process of coal mining can release pockets of hazardeous gases.These gases 

pose threats to coal miners, as well as act as   source of air pollution .This is due to the 

relaxation of pressure and fractioning of the strata during mining activities. The build – 

up of pressure in the strata can lead to explosion during or after the mining process if 

prevention methods , such  as methane draining, are not taken (Coal Authority, 2007). 

Strip mining severly alters the landscape, which reduces the value of the natural 

environment  in the surrounding  land (Hamilton, 2005).  

Strip mining or surface mining of coal completely eliminates existing vegetation, 

destroys the genetic soil profile, displaces  or destroys wild life and degrades air quality, 

alters correct land uses, and to some extent permanently  changes the general topography 

of the area mined. The community of micro organisms and nutrient cycling processes are 

upset by movement, storage and redistribution of soil (Tiwary, 2001). 

Generally, soil disturbances and associated compaction result in conditions condusive to 

erosion.Soil removal from  the area to be surface mined alters or destroys many natural 

soil characteristcs, and reduces its biodiversity and productivity for agriculture. Soil 

structure  may be disturbed by pulverisation or aggregate breakdown (USDI, 1979).The 

removal of vegetative cover and activities associated with the construction of haul 
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roads,stock pilling of top soil, displacement of overburden and hauling of soil and coal, 

increase the quantity of dust around the mining operations. Dust degrades air quality in 

the immediate area, has an adverse impact on vegetative life and constitutes health and 

safety hazards for mine workers and nearby residents. Surface mining adversely impacts 

on the hydrology of a region. Deterioration of stream quality results from acid mine  

drainage, toxic trace elements, high content of dissolved solids in mine drainage water, 

and increased sediment loads discharged to streams (USDI, 1979).  

Waste piles and storage piles can yield sediment to streams, and leached water from these 

piles  can be acidic and contain toxic trace elements. Surface waters may be rendered 

unfit for agriculture, human consumption, bathing or other household uses. The 

combustion of coal, like other fossil fuels is an exothermic reaction between the fuel 

source and usually oxygen (Tiwary, 2001). 

Coal is made primarily  of carbon, but also contain sulfur, oxygen, hydrogen, nitrogen 

and various levels of trace elements. During combustion the reaction  between coal and 

the air produces oxides of carbon (CO2), an important green house gas , oxides of sulfur 

mainly sulfur dioxide (SO2) and various oxides of nitrogen nox. Because of the 

hydrogeneous and nitrogeneous components of coal, hydrides and nitrides of carbon and 

sulfur are also produced during the combustion of coal in air (James, 2007).  

 

2.7 Health and Environmental Impacts of Emissions from Coal Burning 

Hazardous air pollutants (HAPs) released to the atmosphere from coal burning power 

plants have a wide range of toxicological properties, as summarised in (Table 2.4 ). Some 

of these hazardous air pollutants are released in the form of acid gases which can cause 

irritation and tissue damage to eyes,skin, and breathing passages due to high levels of 

exposure. Long-term exposure to metals has the potential  to affect the kidneys, lungs,and 

nervous systems. Berrylium can cause sensitisation reactions that remain latent for many 

years,then develope into a serious condition called „chronic berrylium disease; (USEPA, 
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2007). Exposure to several of the trace elements, dioxins, and furans, polynuclear 

hydrocarbons (PNHS), and volatile organic compounds (VOCs) may lead to complex 

health and environmental problems. Also  mecury generated from coal fired power 

stations is a potent neurotoxin. High accumulation of neurotoxins in humans is a cause of 

brain damage (USEPA, 2010a). 

Table 2.4: Toxicological and Environmental Properties of Hazardous Air Pollutants 

(HAPs) Emitted from electric Generating Stations Fueled by coal  

  Notable HAPs Human Health Hazards Environmental Hazards 

Acid Gases Hydrogen 

chloride, 

Hydrogen 

fluoride 

Irritation to skin, eye, nose, throat, 

breathing passages 

Acid precipitation, 

damage to crops and 

forests. 

Dioxins and 

furans 

2,3,7,8-

tetrachlorodioxin 

(TCDD) 

Probable carcinogen: soft-tissue 

sarcomas, Lymphomas, and stomach 

carcinomas. May cause reproductive 

and developmental problems, damage to 

the immune system, and interference 

with hormones. 

Deposits into rivers, 

lakes and oceans and is 

taken up by fish and 

wildlife. Accumulates in 

the food chain. 

Mercury Methyl mercury Damage to brain, nervous system, 

Kidneys and liver. Causes neurological 

and developmental birth defects. 

Taken up by fish and 

wildlife. Accumulates in 

the food chain. 

Non-Mercury 

Metals and 

Metalloids 

(excluding 

radioisotopes) 

Arsenic, 

beryllium, 

cadmium, 

chromium 

nickel, selenium, 

manganese 

Carcinogens: Lung, bladder, kidney, 

skin. May adversely affect nervous, 

cardiovascular, dermal, respiratory and 

immune systems. 

Accumulates in soil and 

sediments. Soluble forms 

may contaminate water 

systems. 

Lead Damages the developing nervous 

system, may adversely affect learning, 

memory, and behavior. May cause 

cardiovascular and kidney 

effects,anemia,and weakness of ankles, 

wrists and fingers. 

Harms plants and 

wildlife, accumulates in 

soils and sediments. May 

adversely affect land and 

water ecosystems.   

Radioisotopes   Radium Carcinogen; lung and bone. 

Bronchopneumonia, anemia, brain 

abscess. 

Deposits into rivers, 

lakes and oceans and is 

taken up by fish and 

wildlife. Accumulates in 

soil, sediments, and in 

the food chain. 

Uranium Carcinogen; lung and lymphatic system. 

Kidney disease. 



26 

Volatile 

Organic 

Compounds   

Aromatic 

hydrocarbons 

including 

benzene, toluene, 

ethylbenzene, 

xylene  

May cause irritation of the skin, eyes, 

nose, and throat; difficulty in breathing; 

impaired function of the lungs; delayed 

response to a visual stimulus; impaired 

memory; stomach discomfort; and 

effects to the liver and Kidneys. May 

also cause adverse effects to the nervous 

system. Benzene is a known carcinogen. 

Degrade through 

chemical reactions in the 

atmosphere and 

contribute to carbon-

based radicals that 

contribute to formation 

of ground-level ozone 

and its human health 

effects. 

(Source: ATSDR, 2011; WHO, 2011) 

Hydrogen Chloride and hydrogen floride are strongly corrosive acids, and coal-burning 

power plants are presently the largest anthropogenic sources of hydrogen chloride and 

hydrogen floride emissions to air (USEPA, 2007). Hydrogen chloride is believed to 

deposit rapidly to soil and water by wet and dry deposition or attach to particles in the 

atmosphere (Sanhueza, 2001). 

Studies have shown both acids to irritate and damage tissues of the eyes, nasal passages 

and lungs (USEPA, 2011b).When combined with water, hydrogen chloride produces 

strong  acid which can return to land and water bodies as acid rain(acid deposition). Also, 

nitrogen and sulfur based gases released from coal-fired power plants can combine with 

water to form nitric and sulfuric acids respectively. Strong acids or their precursors that 

are present in inhaled particles and gases have been linked with respiratory effects in 

large scale epidemological studies. A study of 13000 children in 24 US and Canadian 

cities found that strong acidity in particles was associated with increased episodes of 

bronchitis and reduced lung functioning. Acid gases were associated with asthma and 

related symptoms in children (Raizenne et al., 1996; Dockery et al.,1996; Guaderma et 

al., 2004). Much of the strong acidity in the atmosphere has generally been related to  

sulfur dioxide and nitrogen oxide emissions. These gases are the major causes of acid 

rain, they also play key role in the formation of smog and ground level ozone. 

The term dioxin refers to the family of structurally and chemically related 

polychlorinated dibenzo dioxins and polychlorinated dibenzo furans, another group of 

hazardous air pollutants (HAPs ) released to the atmosphere by coal-fired power plants. 
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Dioxins are also formed as a by-product of combusting fossil fuels (WHO, 2010). 

Dioxins and furans are similar in chemical structure, and consist of six-sided rings 

composed of carbon and oxygen to which are attached either hydrogen or chlorine atoms. 

The number and position of chlorine atoms on these molecules determine the identity of 

each specific type of dioxin and furan, and also strongly influences toxicity. 

Dioxins have been measured in the atmosphere in both gas and particle form.The low 

chlorinated compounds have been found to be most prevalent in the gaseuos form, and 

highly chlorinated compounds dominate in particle form (Oh et al., 2001). The 

compound undergo photochemical reactions in the lower levels of the atmosphere 

(troposphere).The lower chlorinated compounds are removed from the atmosphere 

primarily by this photochemical process. The higher chlorinated compounds are often 

associated with small particles and may reside in the atmosphere for more than 10 days, 

during which time people can be exposed through inhalation (Atkinson, 1999). 

Deposition of air-borne particle-bound dioxins is likely the most important direct source 

of dioxin input to water and soil ecosystems where they tend to accumulate in sediments 

and persist in the environment for many years (ATSDR, 2011). Dioxins have high 

affinity for fatty molecules which allows them to accumulate in aquatic and terrestrial 

food web. Humans can be exposed to these compounds by consumption of fish and meat. 

Once injested, it can take 7-12years for half of the most toxic dioxin; (2,3,7,8- tetrachloro 

dibenzo-p-dioxin(TCDD ) to leave the body (ATSDR, 2011). 

Short- term intense exposure to dioxins can cause liver damage,while long-term exposure 

have been shown to harm the immune system, the developing nervous system, the 

reproductive system and can disrupt hormone function. Also human exposure to 2,3,7,8-

TCDD, and some mixtures of other dioxins have been linked to an excess risk of cancer, 

and other terminal illness like diabetes (WHO, 2010). 

A study of 1-9 year old boys accidentally exposed to 2,3,7,8- tetrachloro dibenzo-p-

dioxin(TCDD ), in 1976, by Mocarelli et al., in 2008 observed that there were irreversible 

effects of reproductive hormone levels and reduced semen concentration and quality in 
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those same individuals as adults 22 years later (Mocarelli et al., 2008 ). According to 

World Health Organisation (WHO, 2010), the developing fetus is most sensitive to dioxin 

exposure. The scientific  term radioisotope refers to forms of certain elements that are 

radioactive. Materials that are radioactive emit ionizing radiation that can damage cells 

and contribute to various forms of cancer and other illnesses. While coal does not contain 

large amounts of radioactive materials,the large volumes of coal burnt in power plants, 

lead to substantial releases of radium and uranium to the atmosphere in particle form 

(ATSDR, 2011). A study by McBride et al., (1978), estimated that coal-fired power 

plants released 100 times more radioactive substances than a nuclear plant of the same 

size (McBride et al. 1978). 

Mecury is one of the most toxic  hazardous air pollutants (HAPs ) released by  coal-fired 

power plants.It has the ability to impair the functioning of the central nervous 

system.Coal-fired power plants are responsible for about one-third of all mecury 

emissions from human activities (USEPA, 1997). After being released to the atmosphere, 

mecury can return to the earth in rain or snow. Mecury that deposits to the earth‟s surface 

from air can make its way into water ways where it is converted by microorganisms into 

methyl mecury, a highly toxic form of mecury (Granoljean, 2010). As these micro-

organisms are eaten by larger organisms, methyl mecury concentrations increase with 

each successive level of the food chain in a proccess called bioaccumulation.The large 

and long lived predators of marine and fresh water  ecosystems, including many fishes 

favoured by consumers in different parts of the world end up with the predorminant 

parthway of exposure to mecury (Macintosh et al., 1997; Carta et al., 2003; Mozaffarian 

et al., 2006). 

Many metals present in coal are released to the atmosphere and become part of the mix of 

microscopic particles produced by coal-fired power plants. Emissions of these metals 

from coal-fired power plant are frequently referred to as primary particulate matter (PM). 

They are distinct in origin from particulate matter that is formed by chemical reaction in 

the atmosphere,which is known as secondary particulate matter (PM) (USEPA, 2009). 
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Majority of primary particulate matter emissions from coal-fired power plants are part of 

a class of air pollutants known as fine particulate matter or aerosols. Fine particulate 

matters are smaller than 2.5 micrometer and are smaller than the width of a human 

hair.Thus, apart from posing a hazard to human health and the environment, many of the 

hazardous air pollutant metals emitted from coal-fired power plants constitute fine 

particulate matter pollutant.When inhaled by people, some particles deposit along the 

respiratory tract,while,others penetrate deeply into the lung, where they can enter the 

blood stream (USEPA, 2009a). 

These particles aggravate the severity of chronic lung diseases causing loss of air way 

function,cause inflamation of lung tissue which result in the release of chemicals that 

impact heart function, and lead to changes in blood chemistry that results in clots that 

cause heart attacks (USEPA, 2010b). 

Inhalation of fine particulate matter over both long and short period of times is 

recognised to cause cardiovascular effects, including heart attack and associated 

mortality.Fine particulate matter exposure has been linked to other adverse respiratory, 

reproductive and developmental,as well as carcinogenic outcomes (USEPA, 2009; 

CASAC, 2010). 

A research group from Harvard School of Public Health followed over 8000 healthy 

adults living in six US cities for more than 14 years. From their studies which is 

community- based, they concluded that death rates were higher in cities with higher fine 

particulate pollution levels (Dockery et al., 1996). 

 

2.8 Qualities of Coal Ash 

Coal ash or coal combustion by-products (CCBs) is considered to be four major types, 

with different physical and chemical properties,depending on the geochemical properties 

of the coal being used. 
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Fly ash is the finest of coal ash particles, it is called fly ash because it is transported from 

the combustion chamber by exhaust gases.Fly ash is the fine powder formed from the 

mineral matter in the coal (USEPA, 2010, Ghosh et al, 2015).  

Coal bottom ash is a grannular, incombustible by-product that is collected from the 

bottom of the furnaces that burn coal for the generation of steam for the production of  

electricity or both. Bottom ash is coarser than fly ash,with grain sizes spanning from fine 

sand to gravel. The type of by-product produced depends on the type of furnace used to 

burn the coal (USEPA, 2010). Bioler slag is created from the molten bottom ash that, 

when cooled in contact with water in wet-bottom boilers,forms pellets of a hard glassy 

material.  

Flue gas desulfurisation (FGD) waste is the by-product of air pollution control systems 

used to reduce the sulfur dioxide from flue gas  in the calcium-based, scrubbing 

systems.Under forced oxidation, lime reacts with the sulfur to form calcium sulfite, that is 

processed to make gypsum. Flue gas desulfurisation gypsum can be used for various 

agricultural purposes and for making wall board products (Barbara  et al., 2010; Adaikpo 

et al., 2005).  

 

2.9 Health Impact of Coal Ash Toxicants  

US Environmental Protection Agency (EPA) has found that living next to a coal ash 

disposal site can increase ones risk of cancer and other diseases, especially if one lives 

near an un-lined wet ash pond that contains coal ash mingled with other coal wastes 

(USEPA, 2010).  

According to the US environmental protection agency‟s peer-reviewed human and 

ecological risk assessment for coal combustion wastes,” people in those circumstances 

have as much as a 1 in 50 chance of getting cancer from drinking water contaminated by 

arsenic,one of the most common and dangerous pollutants in coal ash (USEPA, 2010). 
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 Ghosh et al, 2015 in their review of the impact of coal ash from thermal power plant 

(TPP) on physicochemical properties of soil reported that coal ash contains significant 

amounts of fine powdered ferro-alumino-silicate material with Al, Ca, Mg, Fe, Na and Si 

as the predominant elements and toxic metals such as As, Ba, Hg, Cr, Ni, V, Pb, Zn and 

Se (Mishra et al, 2013; Ghosh et al., 2015; USEPA, 1999). 

These toxic metals can cause several types of  cancer, heart damage, lung disease, 

respiratory distress, kidney disease, reproductive problems, gastrointestinal illness, birth 

defect,impaired bone growth in children, nervous system impacts, cognitive deficiency, 

developmental delays and behavioral problems.  

Studies have shown that the environmental and health problems associated with coal ash 

are numerous and worrisome (Ghosh et al , 2015; Carlson and Adriano, 1993; ). But to 

the best of our knowledge there is little or no published work focusing on the coal ash 

dump problems in Nigeria and Oji in particular. Also, little or nothing was known about 

neither the heavy metal concentration nor their chemical forms in the area of our study. 

These ranges of toxicants in coal ash under study can leach, leak or spill out of coal ash 

disposal sites and adversely affect  human and environmental health (USEPA, 2007): 

2.9.1 Arsenic 

Arsenic produces a variety of adverse health effects.Ingesting very high levels can result 

in death. Chronic exposure to arsenic in drinking water can cause several types of cancer, 

including skin cancer. Recent studies have linked arsenic  ingestion to cardiovascular 

disease and diabetis mellitus  (ATSDR, 2014).  

Exposure to lower levels can cause nausea and vomiting, decreased production of red and 

white blood cells, and cardiovascular effects  including abnormal heart rhythm, damage 

to blood vessels, and damage to the peripheral nervous system. Inhaling arsenic from coal 

ash fugitive dust  can likewise pose a danger to human health (ATSDR, 2014).  
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2.9.2 Cadmium 

Oral ingestion of cadmium results in low level s of absorption. The lungs however, 

readily absorb cadmium, so inhalation exposure results in much higher levels of 

absorption. This makes cadmium a potential hazard from coal ash, which may be released 

into the envionment when dry coal ash is stored , loaded, transported or kept in 

uncovered land fills.Chronic exposure can result in kidney disease and obstructive lung 

disease such as enphysema. Cadmium may also be related to increased blood pressure 

(hypertension) and is a possible lung carcinogen. Cadmium affects calcium metabolism 

and can result in bone mineral loss and associated bone pain, osteoporosis and bone 

fractures (ATSDR, 2012a).   

2.9.3 Manganese  

The most common health problems in workers exposed to high levels of manganese 

involve the nervous system. These health effects include behavioral changes and other 

nervous system effects, which include movements that may become slow and clumsy. 

This combination of symptoms when sufficiently severe is referred to as "manganism." 

Other less severe nervous system effects such as slowed hand movements have been 

observed in some workers exposed to lower concentrations in the work place.The 

inhalation of a large quantity of dust or fumes containing manganese may cause irritation 

of the lungs which could lead to pneumonia. Loss of sex drive and sperm damage has 

also been observed in men exposed to high levels of manganese in workplace air.The 

manganese concentrations that cause effects such as slowed hand movements in some 

workers are approximately twenty thousand times higher than the concentrations 

normally found in the environment. Manganism has been found in some workers exposed 

to manganese concentrations about a million times higher than normal air concentrations 

of manganese (ATSDR, 2012b).  
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2.9.4 Chromium 

Chromium appear in two common oxidation states, chromium (III), and chromium (VI). 

While chromium (III) is an essential nutrient in the body at trace amount, chromium (VI) 

is highly toxic and is frequently found in coal ash.When ingested via contaminated water, 

chromium (VI) can cause stomach and small intestine ulcers. Frequent ingestion can 

cause anemia and stomach cancer. Contact with the skin by some compound of 

chromium (VI) can result in skin ulcers. When inhaled in large amounts, chromium (VI) 

can cause lung cancer, breathing problems such as asthma and wheezing, and nose ulcers 

(ATSDR, 2011). 

2.9.5 Lead 

Lead is a very potent neurotoxicant that is highly damaging to the nervous system. Its 

dangers have been acknowledged for many years.Health effects associated with exposure 

to lead include, but not limited to neurotoxicity, developmental delays, hypertension, 

impaired hearing acuity, impaired haemoglobin synthesis, and male reproductive 

impairment (USEPA, 1992).  

It is now well accepted that there is no safe level of lead exposure, particularly for 

children. Harmful levels of lead exposure can result from drinking water contaminated by 

coal ash and from exposure to coal ash contaminated soil (Gilbert  and Weiss, 2006).  

2.9.6 Mercury 

Mercury is another well-known neurotoxicant. It has the dangerous capacity to 

bioaccumulate,or build up in animal tissue. Mecury is particularly toxic to the developing 

nervous system. Exposure during gestation, infancy, or childhood can cause 

developmental delays and abnormalities, reduced IQ and mental retardation and 

behavioural problems (Gilbert, 2008). 
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2.9.7  Molybdenum 

Exposure to molybdenum can occur in mining, inhalation of dust or ingestion. Animal 

studies have shown that chronic ingestion of more than 10mg/day of molybdenum can 

cause diarrhea, slowed growth, low birth weight and infertility and can affect the lungs, 

kiddney and liver (CDC, 2012). 

2.9.8 Nickel  

Human exposure to highly nickel-polluted environments causes a variety of pathologic 

effects. The toxic effects of nickel on the lung were recognized first by Agricola in the 

16th century (Aleksandra and Urszula, 2008). Some fatal cases were noted following 

exposure to nickel carbonyl, and by the early 1930s, nickel was a recognized cause of 

contact dermatitis. Elevated incidences of lung and nasal cancer in workers exposed to 

nickel were also observed (Aleksandra and Urszula, 2008).  

2.9.9 Copper 

 Copper is essential for good health. However, exposure to higher doses can be harmful. 

Long-term exposure to copper dust can irritate the nose, mouth, and eyes, and cause head 

aches, dizziness, nausea, and diarrhea. If you drink water that contains higher than 

normal levels of copper, you may experience nausea, vomiting, stomach cramps, or 

diarrhea. High intakes of copper can cause liver and kidney damage and even death. It is 

not known if copper can cause cancer in humans. EPA does not classify copper as a 

human carcinogen because there are no adequate human or animal cancer studies 

(ATSDR, 2004). 

2.9.10 Selenium 

Exposure to high level of selenium may lead to a condition known as “the blind 

staggers.” Symptoms include depressed appetite, impaired vision and staggering in 

circles and may ultimately lead to paralysis and death. 
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Extremely high levels of selenium have been found to accumulate in fish and amphibians 

living in coal ash contaminated waters and wetlands, if they survive exposure to the 

toxin. Selenium is bioaccumulative, meaning, it is passed up the food chain in increasing 

concentration (Lemly, 1997).  

2.9.11 Zinc  

There are three major routes of entry for zinc into the human body; by inhalation, through 

the skin, or by ingestion. Each exposure type affects specific parts of the body and allows 

the uptake of different amounts of zinc. Compared to several other metal ions with 

similar chemical properties, zinc is relatively harmless. Only exposure to high doses has 

toxic effects, making acute zinc intoxication a rare event. In addition to acute 

intoxication, long-term, high-dose zinc supplementation  interferes with the uptake of 

copper. Hence, many of its toxic effects are in fact due to copper deficiency. While 

systemic homeostasis and efficient regulatory mechanisms on the cellular level generally 

prevent the uptake of cytotoxic doses of exogenous zinc, endogenous zinc plays a 

significant role in cytotoxic events in single cells. (Laura et al., 2010). 

2.9.12 Cobalt  

Cobalt is beneficial for humans because it is a part of vitamin B12, which is essential for 

human health. However, too high concentrations of cobalt may damage human health. 

When we breathe in too high concentrations of cobalt through air we experience lung 

effects, such as asthma and pneumonia. This mainly occurs with people that work with 

cobalt. When plants grow on contaminated soils they will accumulate very small particles 

of cobalt, especially in the parts of the plant we eat, such as fruits and seeds. Soils near 

mining and melting facilities may contain very high amounts of cobalt, so that the uptake 

by humans through eating plants can cause health effects.  

Health effects that are a result of the uptake of high concentrations of cobalt are: 

vomiting and nausea, vision problems, heart problems and thyroid damage (ATSDR, 

2004). 
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2.10 Some Reported Cases of Heavy Metal Pollution or Poisoning 

As a result of public concern over the environment, during the United Nation‟s 

conference in stockholm, Sweden in june 1972 a recommendation was adopted to 

establish an international secretariate for environment while the United Nation‟s General 

Assembly opened an environmental secretariate in Nairobi Kenya. This is to enable them 

obtain and disseminate informtion relating to environmental pollution (UN, 1972). 

Various surveys show that our environment (water, soil and air ) are polluted with heavy 

metals. Agbozu et al. (2001) reported that heavy metal pollution at Trans-Amadi 

industrial layout in port harcourt metropolis was as a result of effluent discharges from 

some industries in the area. Egborge, (1991) related the heavy metal pollution of Warri 

River to industrialization. Ajiwe et al. (2002), reported that heavy metal concentration in 

the liver, kidney and brain of citharinus specie and notopterus afer from river Niger was 

as a result of industrial wastes discharged into the river. In 2007, a United States 

Envionmental Protection Agency (EPA) report identified 63 sites in 26 states where the 

water was contaminated by heavy metals from coal ash dumps (USEPA, 2009).  

The toxic contents of coal ash may vary depending on where the coal is mined,coal ash 

commonly contains some of the world‟s deadliest toxic metals; arsenic, lead, mecury, 

cadmium, chromium and selenium (Ossai, 2011).  

Coal ash dumps likely exist in every state in the U.S. due to the widespread  use of coal 

to generate electricity in the nation‟s 495 coal-fired power plants and hundreds of 

industrial boilers (Lokeshoppa and Anil, 2012). After the Tennessee spill, public attention 

focused at first on the possibility of more sudden catastrophes.But the most common 

threat that coal ash poses to public health comes from a less dramatic scenario: the slow 

leakage of pollution from disposal sites such as ponds and landfills (Evans, 2008).  

In Virginia,fifty five homes were placed on public water as a result of pollution of their 

wells by the coal ash dumpsite operated by the Yorktown power station from 1950‟s-

mid-1970‟s. The residents raised alarm when they discovered that their wells  had turned 
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green. Studies show that their wells were contaminated with nickel, vanadium, arsenic, 

berylium, chromium, copper, molybdenium and selenium. Also residents within the range 

of 600feet from the dump site were relocated as it was discovered that creeks and 

underground water within that range were contaminated (USEPA, 2007). 

In Montana, unlined coal ash pond operated by  the Pennsylvania Power and Light 

corporation (PPL) power plant in Colstrip Montana was leaking and contaminated water 

wells with high levels of metals, boron and sulfate. The community located near the 

power plant had to be supplied with safe drinking water. The plume of contamination 

stretches at least a mile from the waste ponds (PSR, 2010).  

In Wisconsin, fly ash and bottom ash dumped into an old sand and gravel unlined pit 

contaminated private wells with sulfate, boron, manganese, chloride and iron at levels 

above the state‟s enforcement standards and arsenic above the state‟s preventive action 

level (PSR, 2010). 

In Newyork, a leaking dump containing fly ash ,bottom ash and other materials generated 

by Dunkirk steam station on lake erie, contaminated drinking water wells with lead.The 

owner was required to close down the facility and conduct extensive remediation 

(USEPA, 2007). 

The Northern Indiana Public Service Corporation (NIPSCO) deposited an estimated one 

million tons of fly ash in town of Pines, Indiana. The ash was buried in a leaking land fill 

and used as construction fill in the town, where it contaminated drinking water  wells 

throughout the town with toxic chemicals, including,arsenic, cadmium, boron and 

molybdenium. Hundreds of residents were put on municipal water and that of Pines was 

declared a superfund site. Also in Virginia, coal ash used in constructing golf course 

contaminated the ground water with heavy metals. When the ground water was tested, 

arsenic, boron, chromium, copper, lead and vanadium were detected at levels above the 

accepted standard (USEPA, 2007).  
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In New Mexico, Hunt and his wife survived indigestion,diarrhea, nausea, and vomitting 

with mental focus and comprehension, when he was treated of heavy metals. Hunt told 

the U.S. House of Representative sub-committee on energy and environment in 

December 2009, that he was dignosed with heavy metal poisoning, with extremely high 

arsenic, lead, iron and selenium levels which lead to his protracted illness. The poisoning 

was linked to pollution from San Juan power plant located next to Hunt‟s house. The 

company had buried coal ash in nearby stream beds, which leached into underground 

aquifers, contaminating Hunts water with heavy metals (Hunt, 2009). 

In North Dakota,lined coal ash ponds used by the United Power coal creek station leaked 

and polluted the ground water with arsenic and selenium in excess of health based levels. 

And in Texas, discharches from coal ash ponds poisoned fish with high levels of 

selenium at three reservoirs in Texas. The fish poisoning invariably became automatic 

pathway for heavy metal poisoning of those who eat the fish from the polluted 

reservoirs.As a result of this incident, the Texas department of health issued fish 

consumption adversories (USEPA, 2007). 

Since the advent of industrial revolution till now, there have been several cases of heavy 

metal poisoning/pollution in different parts of the World, and the end to this ugly trend 

may not be feasible, as long as Nations (developing and developed) are pursuing 

technological advancement without adequate mitigation to protect the environment. 

Apart from coal ash, pollution by heavy metal may occur largely from industries, trade 

wastes, agricultural wastes and automobile exhausts. Many of these wastes are toxic and 

they find their way to land, water, and air they may enter the body via food, drinking 

water, and air. Heavy metals are dangerous because they are not easily metabolized. So, 

they tend to bio-accumulate (Ayodele and Bulus, 2007). 

Studies revealed that fish generally concentrate metallic ions in their body organs directly 

or indirectly through ingested food (Kakulu et al., 1987; Vinikour et al., 1980). High 

concentrations of metals in fish have detrimental effects on contaminated fish and those 

who eat the fish. 
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In Minamata Japan 1953-1960 about 120 people died after eating fish poisoned by 

methylmecury. The same type of poisoning killed 144 people in Ghana in 1971, but this 

time it was not fish. The victims died as a result of eating rice treated chemically for 

planting with methylmecury (Aina and Adedipe, 1992). 

Perhabs one of the greatest manifestation of heavy metal poisoning as a result of 

environmental pollution by anthropogenic activities is the case of “Itai-Itai”( cush-cush ) 

diesease in Japan in the 1960s (Kobayashi et al., 1970).  

There are several other cases of heavy metal poisoning from different parts of the world, 

such as lead, mecury, cadmium and selenium poisoning of the River Rhine in Central 

Europe (Synder  et al., 1971).  

In Edmonton, A Cambodian born 52years old, Narin Sok, strangled his wife Huon 40 to 

death on 30th september, 2008. When he was examined they discovered that he was in a 

state of mental disorder. The report of the forensic psychiatrist (Dr. Lyia), based on the 

result of the clinical examination which revealed that Sok had excess lead, cadmium and 

manganese in his blood, said that his mental disorder was as a result of his exposure to 

harmful vapours while working in a city scrap yard for many years.  However, Sok 

recovered fully from his delirious state when he was treated of heavy metal (Tony, 2008). 

There were series of violent demonstrations in some parts of China‟s two provinces as a 

result of heavy metal pollution. Towards the end of July 2009, 509 of 2888 local 

residents tested in Liuyang city of China‟s Hunan province had been found to have 

excessively high levels of cadmium in their urine. On 30th July, thousands of angry 

residents besieged local government buildings and the police stations to protest against 

the pollution , which the environmental expert believe to come from nearby Xianghe 

chemical company site. Government reacted immediately by closing down the company 

(Hepeng, 2009). 

Also, in  early August, the same year , in Fengxiang County in northwestern Shaanx 

province of China, 174 children from three villages were diagnosed with lead poisoning, 
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with 851 of 1016 children tested found to have abnormally high levels of lead in the 

blood.The poisoning was linked to pollution from the nearby smelter company. This also 

led to violence among the outraged parents, who took to the streets, smashing trucks and 

pulling down fences to protest  government‟s slow response to the incident. Meanwhile in 

late February 2009, Hu Wenbiao, chairman of Bioxin Chemical Company was sentnced 

to a ten year jail term for the firm‟s illegal discharge of pollutants that poisoned drinking 

water for 200,000 local residents (Hepeng, 2009). 

In Lublin Poland, dental examination conducted on a patient who has suffered 

baldness(Alopecia areata) and a typical extensive and non healing  cutaneous lesion for 

12 years, revealed typical  chronic poisoning by cadmium and bismuth compound. The 

patient was employed in a glass works for 20 years during which he was exposed to the 

toxic metals (Bachauck  et al., 1999). 

In Brisbane a two year old male Sun Conura named zippy by the owner was presented to 

the vet clinic for vomitting and foaming at the mouth. He had fluffed feathers and watery 

faeces. A radiograph performed on zippy shows that he was suffering from heavy metal 

poisoning . Further  investigation revealed that Zippy liked to chew the paint from the 

window sills.The paint was analysed and found to be lead paint (Adrian and Amy, 2013).  

In march 2010, Doctors without borders/medecins Sans Frontieres (MSF) were alerted to 

a high number of child fatalities in zamfara state, northern Nigeria. An estimated 400 

children died, and tests conducted by WHO, MSF and US center for disease control 

(CDC) confirmed high levels of lead in the blood of the surviving children.The cause of 

the lead poisoning was linked to the unsafe mining and ore processing for gold with high 

content of lead in its ore. An environmental assessment of the situation revealed that over 

2000 children are still being treated (Galadima and Garba, 2010). 

2.11  Health Risk Assessment 

The study and application of health risk assessment techniques are crucial in order to 

understand the risk of exposure to heavy metals and other harmful pollutants. It entails 
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evaluating the risks of exposure at various concentrations and with reference to certain 

standard values approved by World Health Organization (WHO) and United States 

Environmental Protection Agency (USEPA). Human health risk assessment is considered 

as the characterization of the potential adverse health effects of humans as a result of 

exposures to environmental hazards (USEPA, 2001). This process employs the tools of 

science, engineering, and statistics to identify and measure a hazard, determine possible 

routes of exposure, and finally use that information to calculate a numerical value to 

represent the potential risk (Isa et al, 2015). Human health risk assessment is a process 

used to estimate the health effects that might result from exposure to carcinogenic and 

non-carcinogenic chemicals. The risk assessment process is made up of four basic steps: 

hazard identification, exposure assessment, toxicity (dose-response) assessment, and risk 

characterization (USEPA, 2001). 

Hazard Identification basically aims to investigate chemicals that are present at any given 

location, their concentrations, and spatial distribution. Caspah et al., (2016) although no 

health risk studies have been carried out in the study area, but the staff primary school, 

staff canteen and residential quarters are cited within the study area. Consequently, 

children were seen often playing with sand in the study area, the dump and its 

surroundings have been converted to farm lands, also, the residents depend largely on the  

ground water from the area for either drinking or other domestic purposes. Meanwhile, 

PSR reports showed that coal ash is dangerously toxic and poses a threat to human health. 

They concluded that its wet storage should be phased out, and its dry storage like that of 

Oji should be engineered for maximum control to prevent leaching, blowing or leakage of 

toxicants. PSR, (2010) although this has been the case, information about heavy metal 

contamination and their risks in the study area is lacking. Therefore, in this study, the 

health risks on the residents as a result of heavy metal contamination will be estimated 

using the concentration levels of thirteen heavy metals from the soil; As, Pb, Hg, Cd, Cr, 

Co, Ni, Cu Fe, Mn, Mo, Se and Zn. 
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The purpose of exposure assessment is to measure or estimate the intensity, frequency, 

and duration of human exposures to an environmental contaminant. In this study, 

exposure assessment was carried out by measuring the average daily intake (ADI) of 

heavy metals earlier identified through ingestion, inhalation and dermal contact by adults 

and children from the study area. Adults and children are separated because of their 

behavioral and physiological differences (Caspah et al, 2016 ). 

Dose-response assessment estimates the toxicity due to exposure levels of chemicals. The 

cancer slope factor (CSF, a carcinogen potency factor) and the reference dose (RfD, a 

non-carcinogenic threshold) are two important toxicity indices used. RfD values are 

derived from animal studies using the “No observable effect level” principle. For 

humans, RfD values are multiplied 10-fold to account for uncertainties (USEPA, 1989). 

Risk characterization predicts the potential cancerous and non-cancerous health risk of 

children and adults in the study area by integrating all the information gathered to arrive 

at quantitative estimates of cancer risk and hazard indices (USEPA 2004).  

 

2.12 Speciation Studies 

2.12.1  Significance of Heavy Metal Speciation 

Soils are the reservoir for many harmful constituents: elemental and biological, including 

heavy metals (Cottenie and Verloo, 1984). Total metal content of soil is useful for many 

geo-chemical applications but often the speciation (bioavailability) of these metals is 

more of interest, in terms of what is biologically extractable (Cottenie et al., 1980). 

Speciation is defined as the identification and quantification of the different defined 

species, forms, or phases in which an element occurs and is essentially a function of the 

soil sample examined (Tessier et al., 1979). 

 Heavy metals take part in biogeochemical cycles and are not permanently fixed in soils. 

Therefore, assessment of their distribution in soils is a key issue in many environmental 

studies. In terms of bioavailability, various species of metals are more biologically 
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available in the ecosystem (Kabata, 2001). Heavy metals are included in soil minerals as 

well as bound to different phases of soil particles by a variety of mechanisms, mainly 

absorption, ion exchange, co-precipitation, and complexation. 

The knowledge of the binding of metals with the different soil phases and components is 

of major interest to assess the connections with other biotic and abiotic elements of the 

environment (Cabral and Lefebvre, 1998). Legislation governing the maximum 

permissible limits of a polluting element in an environment sample emphasizes on the 

total concentration rather than the chemical form of that element. This may not be totally 

correct because the different chemical forms of the element (speciation) is the 

determinant factor with respect to its toxicity in which the legislation is actually guarding 

against. It is now widely recognized that to assess the environmental impact of soil 

pollution, the determination of the metal speciation will give more information about the 

potential for release of contaminants and further derived processes of migration and 

toxicity (Campuaella et al., 1995). Therefore, in geoenvironmental studies of risk 

assessment chemical partitioning among the various geochemical phases is more useful 

than measurement of total heavy metal contents (Quevauiller et al., 1996). More so, one 

of the major concerns for speciation relates to environmental or human health concern 

where ultimate impact on biological systems from algae to man is of interest. The 

transformation of chemical species that may occur in that natural environment through 

processes such as hydrolysis, photolysis, chemical and biological degradation, example 

being microbial alkylation of  Hg which are important because they define the forms that 

the element may present itself  to an organism.  

Bioavailability which is the fraction of the total amount of a metal in a specific 

environmental compartment that, within a given time span is either available or can be 

made available for uptake by living organisms from the direct surrounding of the 

organisms is the major focus of speciation studies. Changes in speciation may 

dramatically affect the toxicity of a metal (Campuaella et al., 1995). 
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The behavior of metal may be completely changed by its oxidation state or its association 

with specific ligands as exemplified by the contrasting toxicities of methyl mercury and 

inorganic mercury species. Inorganic mercury species are generally unable to cross 

biological membranes and thus have low toxicity, but alkyl mercury species are 

lipophylic and hence easily available and extremely toxic to aquatic organism and 

humans (Liabor and Omuku, 2007). The metalloid tin also shows markedly different 

health impact depending on its association with specific ligands. Neither metallic nor 

inorganic form of tin present a health problem in small amounts. In fact tinfloride (SnF) 

is a common additive of tooth paste. However many organotin compounds which are 

predominantly by human industrial processes are highly toxic (ATSDR, 2005c). 

Tributylin tin, widly used as a biocide and ant fouling agent for sea going vessels is a 

potent ecotoxicant. It is now generally accepted that information about the 

physicochemical forms of elements is required for understanding their mobility pathways 

and bioavailability. Therefore identification and quantification of different species or 

forms or phase in which the metals occur (speciation) is very important to determine their 

bioavailability in the environment. It is also a useful tool in determining the possible 

source of the metal which could be either from anthropogenic or geochemical sources 

(Liabor and Omuku, 2007). 

 

2.12.2  Bioavailability of Heavy Metals 

Bioavailability is the fraction of the total amount of a metal in a specific environmental 

compartment that, within a given time span, is either available or can be made available 

for uptake by organism from the direct surrounding of the organism. Heavy metals found 

in liquid and solid wastes, soil or in surface and underground waters, may be present in 

the form of various different species exhibiting different properties, such as solubility, or 

mobility between different phases. Consequently, the effect of heavy metals on 

organisms may vary depending on the metal species contained in the sample. Heavy 

metals are now recognized as potentially toxic to plants and other living organisms. 
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However the mere presence of a toxic element in the soil may not adversely affect 

organisms if that element is not in a biologically, chemically or physically available form 

(Xiangotong and Sun, 2001). In soil, heavy metals attach very strongly to humic stances, 

clay minerals, and metal oxides. These fractions are only available to limited degree for 

many organisms, but soil eating or digging animals (earth worm) or grazing animals can 

ingest them directly. Heavy metal that dissolve in soil pore water are of greater 

consequences because in such cases, free ions are bioavailable, and plant roots, insects 

and other invertebrates can ingest them. Heavy metals with dissolved organic matter can 

hardly be ingested by living organisms. The proportion of available heavy metals in the 

total concentrations in soils depends on chemical and biological values such as pH, 

humus content, root exudates and clay content. 

 

2.13 Uptake of Heavy Metals by Plants 

The bioavailablity of metals in soil is a dynamic process that depends on specific 

combinations of chemical, biological and environmental parameters (Li et al., 2001). 

Many heavy metals such as Cu, Ni, Fe, Co, Zn are well known as essential trace elements 

for plants. During the process of absorption of these trace elements, plants can as well 

accumulate other „non essential‟ metals (As, Pb, Hg, Cd, Cr etc) which have no known 

biological function. However, Cd was proved to be a micronutrient for marine algae 

recently. At high concentrations, all heavy metals have strong toxic effects and are 

regarded as environmental pollutants (Nedelkoska, 2000). Heavy metals are potentially 

toxic for plants as they are not easily broken down rather they bio accumulate in the plant 

cells. 

Phytotoxicity results in chlorosis, weak plant growth, yield depression, and may even be 

accompanied by reduced nutrient uptake disorders in plant metabolism and, in 

leguminous plants, a reduced ability to fixate molecular nitrogen (Dan et al., 2008). 

However deficiency in the supply of certain essential elements especially Zn is a serious 

problem for agriculture in many parts of the world. In heavy metal polluted soils, plant 
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growth can be inhibited by metal absorption. However, some plant species are able to 

accumulate fairly large amounts of heavy metals without showing stress. Essentially 

heavy metal uptake by crops growing in contaminated soils is a potential hazard to 

human health because of transmission in the food chain (Brun et al., 2001). 

 

2.14 Effects of Heavy Metals on the Growth of Plants 

Heavy metals such as Cd and Pb are non-essential elements for plants. If plentiful 

amounts are accumulated in the plants, heavy metals will adversely affect the absorption 

and transport of essential elements, disturb the metabolism, and have an impact on 

growth and reproduction (Xu and Shi, 2000). The germinating ratio and growth rate of 

barley declined, for instance when polluted by Cd, and the decline was related to the 

dosage and duration. The germinating ratio was lower than 45% and the growth of roots 

were stagnant under 10 mol/L Cd treatment (127) (Zang, 1997). The seedlings of beans 

became brown and died under Cd stress (Mo and Li, 1992). The roots were one of the 

target organs of Cd pollution, so that the root growth of crops such as wheat, maize, 

pumpkin, cucumber and garlic (Allium sativum L) were inhibited. 

 In crops such as rice, cotton and vegetables such as spinach (Spinacia oleracea Linn.), 

Brassica chinensis L. and Brasenia schreberi L. seedlings were easily injured and 

inhibited by the heavy metal pollution in a hydroponical exposure. The growth of 

vegetables such as cabbage, carrots, broccoli and cucumbers were inhibited under 

exposure to 10 mg/L Cd solution (Liu et al., 1992). The effects of heavy metals on plants 

are different in different growth stages of plants. In the early stage, Cd inhibits the 

photosynthesis and growth of rice, then inhibits the reproductive organs' differentiation, 

and finally distributes the nutrients transport and mobilization (Wang, 1996). Root 

vitality is reduced under heavy metal stress. The root vitality of Stylosanthes guianensis 

in mine tailings was measured and observed that it was reduced by heavy metals (Pb, Zn, 

Cu and Cd), and the absorption of inorganic nutrients was prevented and led to evident 

chlorosis, which significantly affected the growth (Shu  et al., 1997). 
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2.15 Effects of Heavy Metals on the Cell Division of Plants 

Heavy metals affect the cell division of plants, but the effects are different and depend on 

the concentration. Results of the research on cell division of root tips of beans treated 

with Cd, Pb, Zn showed that the cell division was extended under a low concentration of 

0.01, 1.0 and 10 ppm of Cd, Pb and Zn, respectively, while cell division was shortened, 

but the cell cycle was extended by increasing the dose (Duan  and Wang,  1995). 

The genotoxicity of heavy metals in plants influences the synthesis, and the duplication 

of DNA and chromosomes both directly or indirectly, as well as inducing chromosomal 

aberration. The effects relate positively to heavy metal dosage, when barley was treated 

with Cd, it was observed that Cd combined with nuclear acid and damaged the structure 

of the nucleolus, as well as causing chromosome fragmentation, aberration, 

conglutination and liquefaction (Zang,  1997). Exposed to Cd, Pb, Hg, the chromosomes 

of beans, garlic and onions were injured and revealed chromosomal bridges, 

chromosomal rings, and chromosome fragmentation, chromosome fusion, micro-nuclei 

and nuclear decomposition (Mo and Li, 1992). 

 

2.16  Sequential Extraction Procedures 

Sequential extraction is an analytical process that chemically leaches metals out of soil, 

sediments and sludge samples. (Jenifer 1993) The purpose of sequential selective 

extraction is to mimic the release of the selective metals into solutions under various 

environmental conditions (Tessier et al, 1979). 

Use of total metals concentration as a criteria to assess the potential effects of sediment 

contamination implies that all forms of metals have equal impact on the environment, 

which is clearly wrong. Although the total concentration of trace elements in soil gives 

some indication of the level of contamination, it provides no insight into element 

bioavailability or mobility (Ahnstrom and Parker, 1999). Elements in soils are present in 
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various physicochemical forms, which in turn influence availability. Sequential chemical 

extraction techniques have been widely used to examine these physicochemical forms, 

and thus to better understand the processes that influence element availability (Nelson 

and Donkin, 1985). 

Determination of metals in soil can be accomplished via single reagent leaching, ion 

exchange resins and sequential extraction procedures (SEP). The number of available 

extraction techniques developed over the past years need to be reviewed, as to which 

technique is preferable over another (Jenifer 1993). Moreover, the non-selectivity of the 

reagents used, handling of sediment prior to extraction, sediment-reagent ratio, and length 

of extraction all have an effect on data collected from SEP  and can lead to inconsistent 

results even with the use of the same SEP (Tack  and Verloo, 1995). For true scientific 

collaboration to occur, a single SEP and set of standards would need to be adopted and 

applied across disciplines. The procedure adapted by Tessier et al. (1979) is generally 

accepted as the most commonly used protocol followed closely by the BCR (Ryan et al., 

2008) but is still plagued by limitations discussed below. 

In this review five SEP techniques recently in use in different parts of the world will be 

examined by comparing fractions, reagents used, and length of extraction. Modifications 

to these procedures are also discussed as are the soils used in each case, limitations to, 

and applications of the SEP. 

The theory behind SEP is that the most mobile metals are removed in the first fraction 

and continue in order of decreasing   mobility. All SEPs facilitate fractionation. Tessier et 

al., (1979) named these fractions exchangeable, carbonate bound, Fe and Mn oxide 

bound, organic matter bound, and residual. These are also often referred to in the 

literature as exchangeable, weakly absorbed, hydrous-oxide bound, organic bound, and 

lattice material components, respectively. Typically metals of anthropogenic inputs tend 

to reside in the first four fractions and metals found in the residual fraction are of natural 

occurrence in the parent rock (Ratuzay et al., 2009). 
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The exchangeable fraction is removed by changing the ionic composition of water 

allowing metals sorbed to the exposed surfaces of sediment to be removed easily. A salt 

solution is commonly used to remove the exchangeable fraction. The carbonate-bound 

fraction is susceptible to changes in pH; an acid solution is used in the second fraction. 

Metals bound to Fe and Mn oxides are particularly susceptible to anoxic (reducing) 

conditions so a solution capable of dissolving insoluble sulfide salts is used in the third 

fraction. To remove metals bound in the organic phase, the organic material must be 

oxidized. The residual fraction consists of metals incorporated into the crystal structures 

of primary and secondary minerals. This fraction is the hardest to remove and requires 

the use of strong acids to break down silicate structures (Tessier et al., 1979). 

Most SEPs follow similar fractional degradation with little variation. Ure and his 

colleagues extracted the exchangeable and carbonate-bound fractions in a single step 

versus the two steps used in the Tessier procedure (Ure et al., 1993). The SEP used by the 

Geological Survey of Canada (GSC) divides the Fe and Mn oxide fractions into the 

amorphous oxyhydroxides and crystalline oxides, thereby increasing sequential 

fractionation from five to six steps (Hall et al., 1996). Other SEPs with greater fractions 

include the procedure developed by Zeien and Brümmer (Amanda, 2010) which included 

EDTA extractable, moderately reducible, and strongly reducible fractions for a total of 

seven; and that by Miller et al., (1996) which consisted of nine fractions designed to test 

waste amended and agriculturally polluted sediments (Miller  et al., 1996). 

 

2.16.1 Characteristics of Soils for Sequential Extraction 

The soil used by Tessier et al. (1979) in developing their SEP was not characterized 

beyond identification of a bottom soil . However, the subsequent modification by Rauret 

focused on soils characterized as mildly contaminated and heavily contaminated. Since 

the Tessier et al. (1979) procedure was developed to extract metals Cd, Co, Cu, Ni, Pb, 

Zn, Fe, and Mn, the use of this method for soils exposed to large anthropological inputs is 

obvious. The Tessier SEP can be used on a broad array of soil types provided the metals 
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tested for are those listed above. This is probably why the Tessier SEP is the most used 

procedure to date (Ryan et al., 2008). 

 

2.16.2 Problems and Limitations of the Sequential Extraction Procedures 

There has been controversy surrounding the use of SEPs over the non-selectivity of the 

reagents, which may alter surface chemical characteristics of sediments tested, and 

potential for metals to redistribute among the remaining fractions during the extraction 

process by sobbing to the freshly exposed surfaces (Martin, et al, 1987). There are many 

SEPs that can be utilized in the process of understanding the behavior of metals in 

various soils. Researcher trying to determine which procedure is most appropriate for 

their samples must take into consideration many factors including soil type, 

contamination level, and result comparison methods, as well as the potential problems or 

limitations associated with a specific SEP (Ure et al, 1993). 

It is clear that reliance on the SEP alone may not be feasible and needs to be 

complemented with either XRD analysis or some other kind of analytical technique to 

positively identify the solid components involved. This will provide enough data to make 

a better calculated determination on the amounts of metals in a soil as well as their 

potential speciation (Martin et al, 1987).  

The future of the SEP is not as bright as once believed but is still useful. An 

understanding of the behavior of metal contaminants at various biologically available 

fractions is still necessary especially when human consumption is becoming more of a 

global concern with the current growth rate of populations, especially in urban settings. 

In this work, the modified tessier SEP which is still the most used is adopted (Martin J. M 

et al, 1987). 
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2.17 Analytical Techniques for Heavy Metal Determination 

Heavy metals are present as elementary compounds or mineral deposits in nature from 

which they are extracted and processed for different purposes (Helaluddin et al,2016). 

During these processes heavy metals are released into the environment. Heavy  metal  

release into the  environment is of great  concern due to their  ability to concentrate and  

accumulate in different stable  forms and  in  different  media (Leung et al., 2006). 

Quantitative determination methods and techniques are developed in order to provide 

valid results about heavy metals content in different analytical matrices (Jignesh et al., 

2012).  

The ideal techniques for measuring trace elements in environmental sample must offer; 

i) Very low detection limits;  

ii) A wide linear dynamic range, 

iii) simple interference-free data  

iv) qualitative, semi –quantitative and quantitative analysis  

v) possible simultaneous   multi element capability,  

vi) simple sample  preparation 

vii) Low cost per determination. 

 

2.17.1 Principles of Atomic Absorption Spectroscopy [AAS] 

 Atomic absorption spectrometry [AAS] is an analytical technique that measures the 

concentrations of element. It can be used to analyse over 62 different-metals in a sample 

solution. It is so sensitive that it can measure down to parts per billion of a gram (ppb).  

in a sample (Koirtyohann S. R 1991). 

The technique makes use of absorption spectrometry to assess the   concentration of an 

analyte in a sample. It relies therefore heavily on Beer-Lambert –law. The electron of 

atoms in the atomizer can be promoted to higher orbitals for a short amount of time by 
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absorbing a set   quantity of energy   (light of a given wave length). This amount of 

energy [or wave length] is specific to a particular electron transition in a particular 

element, and in general, each wave length corresponds to only one element. This gives 

the technique its elemental selectivity (Koirtyohann, 1991). 

Analysing a sample to see if it contains a particular element means using light from the 

element, for example  with  lead [Pb], a lamp  containing lead [Pb] emits light from the  

excited atoms that produce the  right mix of  wave   length to be absorbed by  any lead 

[Pb] atoms from the sample. In AAS the sample is atomized, ie converted into ground 

state free atoms in the vapour State and a beam of electromagnetic radiation emitted from 

excited lead atoms are passed through the vapourised sample. Some of the radiation is 

absorbed by the lead atoms in the sample (Obodo, 2004). An atomic absorption 

spectrophotometer consists of a light source, a sample compartment and a detector. Light 

from a source is directed through the sample to a detector. The source of light is a lamp 

whose cathode is composed of the element being measured. Each element requires a 

different lamp (Bruno et al., 2000). 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Materials 

3.1.2  Lists of Apparatus 

Volumetric flasks, beakers, conical flasks, Polytetrafluoroethylene (PTFE), weighing 

balance, sieve, stirrer, filter paper, centrifuge 800 model (Techmel and Techmel, USA) 

plastic containers, polythene bag, hot plate, fume cupbaord, water–bath, measuring 

cylinder, atomic absorption spectrometer(AAS) Varian 240AA, and Fisher Scientific 

Accumet Basic pH meter model AB15. 

3.1.3  List of Reagents 

Sulfuric acid, nitric acid, boric acid, hydrofluric acid, deionised water, sodium acetate 

(NaOAc), acetic acid (CH3COOH) hydrogen peroxide (H2O2), ammonium acetate 

(NH4OAc), hydroxylamine (NH2OH) 

3.2  Sampling and Sample Collection 

3.2.1  Soil Sampling 

The study area was divided into four cardinal points: East, West, North and South. It 

covered a distance of 100 m in each of the cardinal points from the coal ash dumpsite, 

except the east axis which has a distance of 12 m between the dump site and Oji-River. 

Each of the three axis was divided into five sampling points (1-5) horizontally and five 

vertical collection points into the soil (a-e) from the 0-5 cm (top soil) to 100 cm depth. 

Consquently, West, North and South axes had (1a-1e), (2a -2e), (3a-3e), (4a-4e) and (5a-

5e) samples respectively. The East axis had (1a-1e) samples only, giving a total of 80 

samples from the study area. Four background samples were also collected, one from 

each of the cardinal points at a distance of about 2.5 km from the dump site and power 

station.The distance of the background sampling were such that the fly ash from the 
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power station and the ash from the dump site was not deposited by  either wet or dry 

disposal methods.All the soil samples were collected in polyethene bags and taken to the 

laboratory for further preparation and analysis. 

3.2.2  Sediment Sampling 

A sampling range of 100 m was mapped out along Oji River in the East axis of the coal 

ash dump site following the flow of the river from North to South. Five sampling points 

were selected at 20 m intervals, the first sampling point was located just before the coal 

ash dump from the flow of the river. Three of the sampling points were located within the 

area covered by the coal ash dump, while the last one was beyond it. One sediment 

sample was collected at each of the five sampling points located along oji river. The 

samples were collected with stainless scoop from the river bank , plastic spoon was used 

to transfer the samples to well labeled plastic containers.  

3.2.3 Sampling of Oji River Water  

Five water samples were collected from Oji River within the same 100 m range and at the 

same sampling points with the sediment of Oji River. The samples were collected in 

plastic sample bottles,  the bottles were washed  with water and soap solution and rinsed 

with distilled water. At the sampling point, the bottles were also rinsed with the water 

samples before  filling. Samples were collected directly from the sub-surface of the water 

care was taken to remove air bubbles.  

3.2.4 Sampling of Drinking Water Sources 

Water samples were collected from four drinking water sources.The first sample (A) was 

collected from the bore-hole located in the front of a house in the staff quater of PHCN, 

at a distance of about 80 m North-West of the dump site. The second sample (B) was 

collected from the bore-hole inside the staff training institute of the PHCN, about 90 m 

west of the dump site. The third sample (C), was collected from a bore-hole popularly 

known as “Oji wonderful water”. It was located close to the Oji motor park, about  120 m 

South West of the dump site and about 100 m from the power generating plant. The 
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fourth sample(D), was collected from the bore-hole water inside the Salvation Army 

rehabilitation centre, about 1.5 km south of the dump site and serves as the control for the 

samples (A-C).The samples were collected in plastic sample bottles.  The bottles were 

washed with water and soap solution and rinsed with distilled water. At the sampling 

point, the bottles were also rinsed with the water samples before  filling. Care was taken 

to remove air bubbles. 

3.2.5 Leaves Sample Collection 

Leaves from five different plant species (Manihot esculenta, Abelmoschus esculenta, 

Aspilia Africana, Panicum maximum and Zea mays) which were common to the study 

area were sampled along each axis. The samples were collected within the hundred meter 

range from the coal ash dump. Each of the cardinal points was divided into five sampling 

points at twenty meter intervals. At each sampling point, leaves were collected from the 

required available plant in each cardinal point. Also leaves from the same plant species as 

the study area were collected from each of the background of the four cardinal 

points.Three of the plants (Abelmoschus esculenta, Manihot esculeta and Zea mays) are 

edible crops. The remaining two plants (Aspilia Africana and Panicum maximum) are 

widely consumed by herbivorous animals. The plants were selected based on their 

peculiar natural characteristics, and they were collected under the same conditions. The 

samples were placed in polyethene bags properly labelled  and taken to the laboratory. 

3.3 Sample Preparation and Treatment 

3.3.1  Soil Sample Preparation 

The soil samples were dried in an oven at a temperature of 100
o
C for six hours.The 

samples were then finely ground and sieved using standard sieves of 70, 100, 140, 200, 

270, 325 Mesh size. One gram of the various soil samples from a specific depth along 

each axis were mixed homogeneously to obtain a grab sample representative of the study 

area. Therefore from West axis, one gram of 1a, 2a, 3a, 4a,and 5a were mixed to get a 

homogenous sample (A) and subsequently, B, C, D, E. The same method was applied to 
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both the North and South axis, giving a total of  fifteen samples, plus 5 samples from the 

East axis and 4 from the background making a total of 24 grab samples representative of 

the study area and the control. 

3.3.2 Sediment Sample Preparation 

In the laboratory, the sampled sediments were carefully transferred to five clean petri 

dishes and air dried for two days to remove the water content. The air-dried sediment 

samples were dried in an oven at a temperature of 100
o
C for six hours.The samples were 

then finely ground and sieved using standard sieves of 70, 100, 140, 200, 270, 325 mesh 

size. A portion of 1g from each of the the five samples were extracted sequentially by 

modified Tessier sequential extraction procedure before taken to AAS for heavy metal 

analysis. 

3.3.3 Oji River Water Sample Treatment 

The pH of the water samples were determined  at the point of collection, using  Fisher 

Scientific Accumet Basic pH meter model AB15. Then one litre of each sample was 

treated with 1ml concentrated nitric acid, which stabilizes the valence state of the metals 

before the samples were taken to the laboratory for AAS analysis 

3.3.4 Bore-Hole Water Sample Treatment 

The pH of the water samples were determined  at the point of collection, using  Fisher 

Scientific Accumet Basic pH meter model AB15. Also one litre of each samples was then 

treated with 1ml concentrated nitric acid, which stabilizes the valence state of the metals 

before the samples were taken to the laboratory for AAS analysis. 

3.3.5 Leaves Sample Preparation 

The leave samples were air dried  under room temperature for one week. The leaves were 

further dried in an oven at a temperature of 100
o
C for one hour to remove the remaining 

moisture content and for easy grinding into powder form. The leaves were powdered and 

properly labelled, one gramme of each of the powdered samples of the same plant specie 
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collected at different sampling points (1-5) in the same axis were mixed to get a 

homogenous sample of the particular leaf. After the blending, twenty grab sample 

representatives of the study area was obtained.A weight of 1g of the dry powdered leaves 

samples were weighed into 125cm
3
 glass beaker. 4cm

3
 perchloric acid, 25cm

3
 

concentrated nitric acid, and concentrated sulfuric acid were added to each of the sample 

beakers. The contents were mixed and kept for about two hours, so that the samples will 

go into sollution.The beakers were then heated on the hot plates in the fume chamber, the 

samples were heated untill white fumes appeared, then, the temperature was raised to 

100
o
C and heated again for 30 minutes. The sample solutions were allowed to cool, after 

cooling, they were filtered into 100cm
3
 volumetric flasks and made upto the mark with 

deionized water. The samples were then kept under cool temperature prior to AAS 

analysis.  

 

3.4 Sequential Extraction  

The sequential extraction by Tessier et al., 1979 was followed as presented in table 

3.1  

Table 3.1: Operating Conditions for Sequential Extraction Procedures. 

 Time Temp Quantity Tessier 

    1g 

Exchangeable 

fraction 

1 h 
Continuous 

agitation 

8 cm
3
  1 mol MgCl2, pH 7.0 

  8  cm
3
 or 1 mol Na Oac, pH 8.2 

Bound to 

Carbonates 

fraction 

5 h continuous 

agitation-

leached at rm 

temp. 

8  cm
3
 1 mol Na Oac, pH 5.0 

with acetic acid 

Bound to Fe/Mn 

Oxides fraction 

6 h 

 

 20  cm
3
 0.3 mol Na2S2O4 + 

0.175 mol Na-citrate + 

0.025 mol H-citrate 

  or occasional  

agitation 
20  cm

3
 0.04 mol NH2OH*HCl 

in 25% (v/v) HOAc 
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(Source: Tessier et al., 1979) 

  3.4.1  Exchangeable Fraction (F1) 

For the exchangeable fraction of the soil and sediment samples, 1g of the sample was 

introduced into a teflon beaker at room temperature (30
0
C) and 5 cm

3
 sodium acetate 

(NaOAc) of pH 8.2 was added. The mixture was continuously agitated for 1hr.The 

resulting solution was filtered using Whatman No.1 filter paper into a 25 cm
3
 standard 

flask and made up to mark with deionized water  (Tessier et al., 1979). 

 

3.4.2 Bound to carbonate /acid extractable (F2)   

The residue from above was leached at room temperature with 8ml of 1M NaOAc 

solution adjusted to PH of 5.0 with acetic acid. Continuous agitation was carried out for 

one hour and the resulting solution was filtered into 25cm
3
 flask and made up to mark 

with deionized water. 

 

3.4.3 Bound to Fe-Mn oxide /Reducible Fractions (F3) 

The residue from above was extracted with 20 cm
3
 of 0.04M NH2OH. HCl in 25% (v/v) 

acetic acid at 96
0
C with occasional agitation for 5hrs. After this it was filtered into 25cm

3
 

flask and made up to mark with deionized water. 

Bound to 

Organic Matter 

fraction 

2 h with 

occasional 

agitation 

3  cm
3
 

 

0.02 mol HNO3 

5  cm
3
 30% H2O2, pH 2 with 

HNO3 

3 h with 

intermittent 

agitation 

3  cm
3
 30% H2O2, pH 2 with 

HNO3 

30 min 

 

continuous 

agitation 
5  cm

3
 3.2 mol NH4OAc in 20% 

(v/v) HNO3-dilute to 20  

cm
3
  

Residual 

fraction 

  1  cm
3
 Unk HF-HClO4 5 : 1 HF-

HClO4 10 : 1 HClO4 

12 M HCl 
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3.4.4 Bound to organic Matter /Oxidizable Fractions (F4) 

A solution of 3 cm
3
 of 0.02M HNO3 and 5.0 cm

3
 of 30% H2O2 adjusted to pH of 2.0 with 

HNO3 was added to the residue from above and the mixture was heated to 85
0
c for 2hrs 

with occasional agitation. A second 3.0 cm
3
 aliquot of 30% H2O2 was added and the 

sample was heated to 85
o
c for 3h with intermittent agitation. The system was allowed to 

cool and after cooling, 5.0 cm
3
 of 3.2M ammonium acetate (NH4OAc) was added and 

this was diluted to 25 cm
3
 with deionised water followed by 30 min of continuous 

agitation. The addition of NH4OAc was designed to prevent the adsorption of extracted 

metal into the oxidized sediment. 

3.4.5  Residual Fraction       

The residue from above was digested with 5 cm
3
 concentrated HF and 5 cm

3
 aqua regia 

and filtered into a 25 cm
3
 standard flask and made up to mark with deionized water.  

Between each successive extraction, separation was effected by centrifuging at 1000 rpm 

for 20 min and the supernatants were filtered (Tessier et al., 1979).   

All the stored supernatant solutions from (F1) to (F4), the residual digest, and the total 

digest solutions as well as the blanks were instrumentally analyzed for their metal content 

using Varian AA240 Atomic Absorption Spectrophotometer.  

 

Since the instrument  measures the absorbance of  an atom from a particular element, a 

calibration curve for absorbance versus concentration of standard solution was prepared. 

Three concentrations of standard solution of a particular metal to be analysed were 

prepared. Blank solution was prepared and aspirated and the instrument, was adjusted to 

zero. After the blank, each standard solution was aspirated and the absorbance was read 

directly from the instrument. The results were used to prepare the graph of absorbance 

versus concentration which was used to extrapolate the concentration for each particular 

element. 
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3.5 Health Risk Assessment (Exposure Path ways) 

The potential exposure pathways for heavy metals in contaminated soils are calculated 

based on recommendations by several American publications. The Average Daily Intake 

(ADI mg/kg-day) for the different pathways were calculated using the following 

exposure Equations (1–3) as prescribed by (USEPA, 1989) . 

 

3.5.1. Ingestion of Heavy Metals through Soil 

𝐴𝐷𝐼𝑖𝑛𝑔 =
𝐶×𝐼𝑅𝑎𝑖𝑟  ×𝐸𝐹 × 𝐸𝐷  × 𝐶𝐹

𝐵𝑊×𝐴𝑇
            [1]             

where ADIing is the average daily intake of heavy metals ingested from soil in mg/kg-day, 

C = concentration of heavy metal in mg/kg for soil. IR in mg/day is the ingestion rate, EF 

in days/year is the exposure frequency, ED is the exposure duration in years, BW is the 

body weight of the exposed individual in kg, AT is the time period over which the dose is 

averaged in days. CF is the conversion factor in kg/mg. 

 

3.5.2 Inhalation of Heavy Metals via Soil Particulates 

𝐴𝐷𝐼𝑖𝑛 =
𝐶𝑆  × 𝐼𝑅𝑎𝑖𝑟  × 𝐸𝐹 × 𝐸𝐷

𝐵𝑊  × 𝐴𝑇 × 𝑃𝐸𝐹
                 [2] 

 where ADIinh is the average daily intake of heavy metals inhaled from soil in mg/kg-day, 

CS is the concentration of heavy metal in soil in mg/kg, IRair is the inhalation rate in 

m
3
/day, PEF, is the particulate emission factor in m

3
/kg. EF, ED, BW and AT are as 

defined earlier in Equation [1] above. 

 

3.5.3. Dermal Contact with Soil 

𝐴𝐷𝐼𝑑𝑒𝑚𝑠 =
𝐶𝑠 × 𝑆𝐴 × 𝐹𝐸×𝐴𝐹 ×𝐴𝐵𝑆  ×𝐸𝐹 ×𝐸𝐷 ×𝐶𝐹

𝐵𝑊  ×𝐴𝑇
             [3] 
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where ADIdems is the exposure dose via dermal contact in mg/kg/day. CS is the 

concentration of heavy metal in soil in mg/kg, SA is exposed skin area in cm
2
, FE is the 

fraction of the dermal exposure ratio to soil, AF is the soil adherence factor in mg/cm
2
, 

ABS is the fraction of the applied dose absorbed across the skin. EF, ED, BW, CF and 

AT are as defined earlier in Equation [3.2] . Table 1 shows the exposure parameters used 

for the health risk assessment for standard residential exposure scenario through different 

exposure pathways. 

 

Table 3.2 shows the exposure parameters used for the health risk assessment through 

different exposure pathways for soil. 

Table 3.2: Exposure Parameters Used For The Health Risk Assessment Through 

Different Exposure Pathways For Soil. 

Parameter Unit Child Adult 

Body weight (BW) Kg   15   70 

Exposure frequency (EF) days/year 350 350 

Exposure duration (ED) Years     6   30 

Ingestion rate (IR) mg/day 200 100 

Inhalation rate (IRair) m
3
/day   10   20 

Skin Surface area (SA) cm
2
 2100 5800 

Soil adherence factor (AF) mg/cm
2
 0.2 0.07 

Dermal absorption factor (ABS) None 0.1 0.1 

Dermal exposure ratio (FE) None 0.61 0.61 

Particulate emission factor (PEF) m
3
/kg 1.3 x 10

9
 1.3  x10

9
 

Conversion factor (CF) kg/mg 10
-6

 10
-6

 

Average time (AT)      

For carcinogens Days 365 x 70 365 x 70 

For non-carcinogens  365 x ED 365 x ED 

Source: USEPA (1989) and Caspah et al., (2016) 
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3.5.4  Non-Carcinogenic Risk Assessment 

Non-carcinogenic hazards are characterized by a term called hazard quotient (HQ). HQ is 

a unitless number that is expressed as the probability of an individual suffering an 

adverse effect. It is defined as the quotient of ADI or dose divided by the toxicity 

threshold value, which is referred to as the chronic reference dose (RfD) in mg/kg-day of 

a specific heavy metal as shown in Equation (4) (USEPA, 1989).  

𝐻𝑄 =  
𝐴𝐷𝐼

𝑅𝑓𝐷
               [4] 

For n number of heavy metals, the non-carcinogenic effect to the population is as a result 

of the summation of all the HQs due to individual heavy metals. This is considered to be 

another term called the Hazard Index (HI) as described by USEPA, 1989 document. 

Equation (5) shows the mathematical representation of this parameter:  

𝑯𝑰 =   𝑯𝑸𝒌 =  
𝑨𝑫𝑰𝒌

𝑹𝒇𝑫𝒌

𝒏
𝒌=𝟏

𝒏
𝒌=𝟏                 [5] 

where HQk, ADIk and RfDk are values of heavy metal k. If the HI value is less than one, 

the exposed population is unlikely to experience adverse health effects. If the HI value 

exceeds one, then there may be concern for potential non-carcinogenic effects (USEPA, 

1989) . 

 

3.5.5 Carcinogenic Risk Assessment 

For carcinogens, the risks are estimated as the incremental probability of an individual 

developing cancer over a lifetime as a result of exposure to the potential carcinogen. The 

equation for calculating the excess lifetime cancer risk is:  

 Riskpathway =   ADIkCSFk
𝑛
𝑘=1     [6] 

 where Risk is a unitless probability of an individual developing cancer over a lifetime. 

ADIk (mg/kg/day) and CSFk (mg/kg/day)−1 are the average daily intake and the cancer 
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slope factor, respectively for the kth heavy metal, for n number of heavy metals. The 

slope factor converts the estimated daily intake of the heavy metal averaged over a 

lifetime of exposure directly to incremental risk of an individual developing cancer  

(USEPA, 1989). 

The total excess lifetime cancer risk for an individual is finally calculated from the 

average contribution of the individual heavy metals for all the pathways using the 

following equation:  

Risk(total) = Risk (ing) + Risk (inh) + Risk (dermal)      [7] 

 where Risk (ing), Risk (inh), and Risk (dermal) are risks contributions through ingestion, 

inhalation and dermal pathways. 

Both non-carcinogenic and carcinogenic risk assessment of heavy metals are calculated 

using RfD and CSF values derived largely from USEPA as shown in Table 3.3 

Table 3.3 Reference doses (RfD) in (mg/kg-day) and Cancer Slope Factors (CSF) for the 

different heavy metals. 
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Table 3.3: Reference Doses (R/D) in (mg/kg-day) and Cancer Slope Factors (CSF) 

for the Different Heavy Metals 

Heavy 

Metal 

Oral  

R/D 

Dermal 

R/D 

Inhalation 

R/D 

Oral CSF Dermal 

CSF 

Inhalation 

CSF 

As 3.00E-04 3.00E-04 3.00E-04 1.50E+00 1.50E+00 1.50E+01 

Pb 3.60E-03      -     - 8.50E-03 - 4.20E-02 

Hg 3.00E-04 3.00E-04 8.60E-05 - -       - 

Cd 5.00E-04 5.00E-04 5.70E-05 - - 6.30E+00 

Cr (vi) 3.00E-03      - 3.00E-05 5.00E-01 - 4.10E+01 

Co 2.00E-02 5.70E-06 5.70E-06 - - 9.80E+00 

Ni 2.00E-02 5.60E-03     - - - - 

Cu 3.70E-02 2.40E-02     - - - - 

Zn 3.00E-01 7.50E-02     - - - - 

Mn 0.024 0.024 1.43E-03    

Source: USEPA (1989) and Caspah et al., (2016) 
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CHAPTER FOUR 

RESULTS AND DICUSSION 

 4.1  RESULTS  

 Tables 4.1a-4.1c represent the result of the pH of the soil, sediment and water samples 

from the study area 

 

4.1.1 pH of the Soil, Sediment, and Water Samples of the Study Area 

Plant growth and most soil processes including nutrient availability and microbial 

activities are favoured by a soil pH range of 5.5-8. Acidic soil particularly in the sub-

surface will also restrict root access to water and nutrient and aid the leaching of some 

toxic metals into water aquifers, while some will be transformed into bio-available 

phases.  

 

Table 4.1a: pH of the Soil 

 

 

  

 

 

 

 

 

Soil pH value 

East axis 6.1 

West axis 6.5 

North axis 6.7 

South axis 6.1 

Mean pH of the soil  6.4   
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Table 4.1b: pH of the Bore Hole Water Samples  

Bore Hole Water Samples pH value 

Staff quarters 7.29 

Staff Training Institute 7.58 

Oji wonderful 7.80 

Salvation army hospital 7.58 

Mean 7.56 

 

 

Table 4.1c: pH of the Oji River water and sediment samples 

Sampling points  Oji River Water pH Oji Rive Sediment pH 

1 6.38 6.02 

2 6.56 5.62 

3 6.64 6.71 

4 6.14 5.84 

5 5.09 6.62  

Mean 6.14 6.16 

 

The results of the pH of the soil, water and sediment of the study area Tables 4.1a-4.1c 

showed that the mean pH of the soil and sediment are within the 5.5-8 range for 

agricultural soils. Ground water sources also showed pH within the normal range of 6.5-

8.5, but the mean pH value of Oji River water samples were slightly acidic. The results of 

the pH of the study area implied that unless there is sudden pH change, there may not be 

any drastic effect on the metals in terms of mobility and speciation.  
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4.1.2 Sequential Extraction / Metal Distribution in the Soil Samples 

The results of the sequential extraction / heavy metal distribution in the soil samples are 

presented in Tables 4.2 – 4.5 and figures 4.1 – 4.4. 

 Table 4.2:  Metal Fractions (mg/kg) in the East Axis of the Study Area  

BAF=Bioavailable fraction, SD = Standard Deviation, BDL= Below detectable limit 

 

 

 

 

 

 

 

Fig. 4.1:  Metal Fraction (mg/kg) in the East Axis (F1= exchangeable, F2= carbonate 

bound, F3= Fe/Mn bound, F4= oxidizable, F5= residual fraction).  

 

 Fe Mn Ni Pb Cd Co Zn Cr Cu As Mo Se Hg 

F1 88.43 3.78 BDL 50.20 1.28 1.98 0.78 0.93 1.33 125.48 0.70 0.73 BDL 

F2 103.43 10.35 0.10 91.05 2.13 6.38 1.90 1.23 1.80 43.38 2.33 0.68 BDL 

F3 262.45 35.93 1.53 83.80 4.38 8.38 16.70 2.75 2.45 94.63 21.83 54.25 BDL 

F4 39.30 9.38 0.88 83.28 7.53 9.83 10.03 0.28 2.00 76.28 2.33 50.75 BDL 

F5 479.70 180.83 17.08 47.93 BDL 40.80 32.58 46.85 15.15 37.70 4.45 79.20 29.68 

Total 973.25 240.25 19.55 356.20 15.40 67.35 62.05 52.05 22.75 378.50 31.65 185.60 29.68 

Mean 194.75 48.00 3.93 71.30 3.10 13.45 12.45 10.40 4.60 75.65 6.40 37.10 11.80 

BAF 191.75 14.25 0.10 141.25 3.45 8.35 2.75 2.23 3.15 173.85 2.88 1.43 BDL 

%BAF 20.44 7.5 0.348 39.75 20.68 16.82 7.58 4.65 16.11 45.23 9.16 0.63 BDL 
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The trend in the fractional distribution of iron (Fe) in the east axis was: Residual > 

Reducible > Carbonate > exchangeable >  oxidizable (Tables 4.2, Figures 4.1). The total  

concentration of  Fe in the east axis was 973.25 mg/kg, the residual fraction was 478.075 

mg/kg,  while the bioavailable fraction of 191.75 mg/kg  was obtained. The result 

revealed dominance of residual fraction over other fractions, which maybe an indication 

that Fe is a native of the study area with little contribution from anthropogenic sources.  

Manganese concentration ranges from 3.775 mg/kg to 180.825 mg/kg in the east axis 

(Table 4.2).The observed trend were residual > reducible > carbonate > oxidizable > 

exchangeable (Figure 4.1). The concentration of the residual phase predominated in all 

the five fractions. The geographical position influenced the results obtained in this axis 

which was an indication that some level of Mn was introduced by coal ash dump. 

Fractional distribution of nickel in the east axis and ranged from 0.1mg/kg in the 

carbonate fraction to 17.075 mg/kg in the residual fraction (Tables 4.2). The result of the 

exchangeable fraction was below detectable limit of the instrument. The observed trends 

were residual> reducible> oxidizable > carbonate> exchangeable (Figures 4.1). The 

predominant concentration was found in the residual fractional component of the soil in 

this axis, this may imply that Ni is a native of the area with little contribution from 

anthropogenic sources. 

The concentration of lead in the east axis ranges from 47.925 mg/kg in the residual 

fraction to 91.05 mg/kg in the carbonate fraction (Table 4.2).The observed trend for lead 

(Pb) concentration was carbonate > reducible > oxidizable > exchangeable > residual in 

the east axis (Figure 4.1). The trend showed dominance of carbonate fraction over other 

fractions, with the least concentration observed in residual fraction. This result implied 

that the greater portion of the total Pb in the east axis was attributed to anthropogenic 

activities. However, the variation with the other axes may be related to geographical 

location. 

The concentration of  Cd in the east axis ranges from 1.28 mg/kg in the exchangeable 

fraction to 7.53 mg/kg in the oxidizable fraction (Table4.2).The observed  trend for Cd 
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concentration was oxidizable > reducible > carbonate >exchangeable > residual in the 

east axis (Figure 4.1). The trend showed dominance of oxidizable fraction over other 

fractions, Mean while the residual fraction of cadmium in the east axis was below 

detectable limit of the instrument, with the least concentration observed in exchangeable 

fraction. This result implied that the greater portion of the total Cd in the East axis was 

attributed to anthropogenic activities.  

The concentration of  Co in the east axis ranges from 1.98 mg/kg in the exchangeable 

fraction to 40.80 mg/kg in the residual fraction (Table 4.2).The observed  trend for Co 

concentration was residual >oxidizable > reducible >carbonate > exchangeable, in the 

east axis (Figure 4.1). The trend showed dominance of residual fraction over other 

fractions and the mobile phase of cobalt was below 50% of the total Co in the East axis. 

This result implied that Co in the east axis was a native of the area but some level of 

concentration may be attributed to anthropogenic activities. 

The concentration of  Zn in the East axis ranges from 0.78 mg/kg in the exchangeable 

fraction to 32.58 mg/kg in the residual fraction ( Table 4.2).The observed  trend for Zn 

concentration was residual > reducible > oxidizable > carbonate > exchangeable in the 

east axis (Figure 4.1). The trend showed dominance of residual fraction over other 

fractions but the mobile phase of zinc was above 50% of the total Zn in the east axis. This 

result implied that Zn in the east axis was a native of the area but some level of 

concentration may be attributed to anthropogenic activities. 

The concentration of  Cr in the east axis ranges from 0.28 mg/kg in the oxidizable 

fraction to 46.85 mg/kg in the residual fraction (Table 4.2).The observed  trend for Cr 

concentration in the east axis was residual > reducible > carbonate > exchangeable > 

oxidizable (Figure 4.1). The trend showed dominance of residual fraction over other 

fractions but the mobile phase of chromium was below 50% of the total Cr in the east 

axis. This result implied that Cr in the East axis was a native of the area but some level of 

concentration may be attributed to anthropogenic activities.  
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The concentration of  Cu  in the east axis ranges from 0.28 mg/kg in the exchangeable 

fraction to 15.15 mg/kg in the residual fraction (Table 4.2).The observed  trend for Cu 

concentration in the East axis was residual > reducible > oxidizable > carbonate > 

exchangeable (Figure 4.1). The trend showed dominance of residual fraction over other 

fractions but the mobile phase of chromium was below 50% of the total Cu in the east 

axis. This result implied that Cu in the east axis was a native of the area but some level of 

concentration may be attributed to anthropogenic activities. 

The concentration of  As  in the east axis ranges from 37.70 mg/kg in the residual fraction 

to 125.48 mg/kg in the exchangeable fraction (Table 4.2).The observed  trend for As 

concentration in the east axis was exchangeable > reducible > oxidizable > carbonate > 

residual (Figure 4.1). The trend showed dominance of exchangeable fraction over other 

fractions. The result revealed high level of  mobile phase compared to low  level of 

residual phase of arsenic in the East axis, thereby implicating anthropogenic activities as 

the major source of arsenic. 

Fractional distribution of molybdenum in the East axis ranged from 0.70 mg/kg in the 

exchangeable fraction to 21.83 mg/kg in the reducible fraction (Table 4.2).The observed  

trend for Mo concentration in the east axis was reducible > carbonate = oxidizable > 

residual > exchangeable (Figure 4.1). The trend showed dominance of reducible fraction 

over other fractions. The result revealed high level of  mobile phase compared to low  

level of residual phase of molybdenum in the east axis, thereby implicating 

anthropogenic activities as the major source of Mo in this axis. 

The result of the sequentially extracted selenium in the east axis  ranged from 0.725 

mg/kg in the carbonate fraction to 79.2 mg/kg  in the residual fraction (Table4.2). The 

observed trend for the sequentially extracted selenium in the east axis was residual > 

reducible > oxidizable > exchangeable > carbonate (Figure 4.1). Dominance of residual 

fraction and the low level of Se concentration in the bioavailable fractions indicated that 

most of the Se originated from the parent soil material and probably little contribution 

from coal ash dump. Variations in different axis were attributed to geographical position. 
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Fractional distribution of mercury in the east axis revealed, a concentration of 29.675 

mg/kg recorded only in the residual fraction (Table 4.2). Mercury concentrations in the 

other fractions were below detectable limit of the instrument (Figure4.1). The result 

implied that coal ash dump was probably not the source of the mercury in the East axis. 

 

Table 4.3:  Metal Fractions (mg/kg)in the West Axis of the Study Area   

 

BAF=Bioavailable fraction, SD = Standard Deviation, BDL= Below detectable limit 

 

 

 

 

 

 

 

 

  

 Fe Mn Ni Pb Cd Co Zn Cr Cu As Mo Se Hg 

F1 87.38 4.50 0.30 35.98 2.75 1.98 0.45 1.45 0.93 90.45 0.68 0.28 BDL 

F2 108.63 14.63 1.75 83.58 3.55 4.55 2.53 1.25 1.55 122.63 0.63 0.30 BDL 

F3 358.28 99.88 1.75 86.05 4.58 6.90 28.35 1.75 1.70 106.93 4.85 30.95 BDL 

F4 79.73 14.63 8.23 78.98 5.03 9.75 16.03 3.43 1.75 42.28 10.33 65.35 0.98 

F5 634.63 302.05 31.63 58.05 BDL 53.10 93.95 73.08 25.90 7.03 6.28 48.15 48.53 

Total 1037.50 435.73 43.68 342.35 15.95 76.30 145.10 80.95 31.80 364.70 22.80 145.05 49.53 

Mean 253.65 87.15 8.75 68.45 3.15 15.15 29.05 16.20 6.35 72.95 4.55 29.05 9.90 

BAF 195.98 19.13 2.05 119.55 6.35 6.65 6.75 2.70 5.78 213.10 1.35 0.63 BDL 

%BAF 15.53 4.514 4.534 34.954 38.31 8.4 6.79 3.032 8.26 58.044 5.162 0.442 BDL 
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Fig. 4.2:  Metal Fraction (mg/kg) in the West Axis (F1= exchangeable, F2= 

carbonate bound, F3= Fe/Mn bound, F4= oxidizable, F5= residual). 

The trend in the fractional distribution of iron (Fe) in the west axis was: Residual > 

Reducible > Carbonate > exchangeable >  oxidizable. The total  concentration of  Fe in 

the west axis  was 1037.50 mg/kg, while 634.63 mg/kg was obtained in the residual 

fraction,  in  bioavailable fraction 195.98 mg/kg  was obtained (Table 4.3, Figures 4.2). 

The result obtained in the west axis  were more than the  ones in the east and south axes, 

also, the result revealed that the mobile phase was below 50% of the total Fe 

concentration in the west axis. The result inferred that Fe is a native of the study area 

with little contribution from anthropogenic sources. 

Mn concentration range of 4.525 mg/kg in the exchangeable fraction to 302.05 mg/kg in 

the residual fraction were obtained in the west axis (Figure 4.2,Table 4.3). The observed 

trend for Mn in the west axis was residual > reducible > oxidizable > carbonate > 

exchangeable. The geographical position influenced the results obtained in this axis 

which was an indication that some level of Mn was introduced by coal ash dump.  

0

100

200

300

400

500

600

700

Fe Mn Ni Pb Cd Co Zn Cr Cu As Mo Se Hg

m
g/

kg

F1

F2

F3

F4

F5



73 

Fractional distribution of nickel in the west axis of the study area (Tables 4.3) and 

(Figures 4.2) ranged from 0.30 mg/kg in the exchangeable fraction to 31.63 mg/kg in the 

residual fraction. The result of the mobile fraction was below 50% of the total Ni 

concentration in the study area. The observed trends were residual > oxidizable > 

reducible > carbonate > exchangeable in the west axis. The predominant concentration 

was found in the residual fractional component of the soil in this axis, this may imply that 

Ni is a native of the area with little contribution from anthropogenic sources. 

The concentration of lead in the west axis ranges from 35.98 mg/kg in the exchangeable 

fraction to 86.05 mg/kg in the reducible fraction (Table 4.3).The observed trend for lead 

(Pb) concentration was reducible > carbonate> oxidizable > residual > exchangeable in 

the west axis (Figure 4.2). The trend showed slight dominance of reducible fraction over 

other fractions, with the least concentration observed in exchangeable fraction. This 

result implied that the greater portion of the total Pb in the west axis was attributed to 

anthropogenic activities. Mean while slight variation with the other axes may be related 

to geographical location. 

The concentration of  Cd in the west axis ranges from 2.75 mg/kg in the exchangeable 

fraction to 5.03 mg/kg in the oxidizable fraction (Table 4.3).The observed  trend for Cd 

concentration was oxidizable > reducible > carbonate >exchangeable > residual in the 

west axis (Figure 4.2). The trend showed slight dominance of oxidizable fraction over 

other fractions.  Mean while the residual fraction of cadmium in the west axis was below 

detectable limit of the instrument. This result implied that the greater portion of the total 

Cd in the west axis was attributed to anthropogenic activities. 

The concentration of  Co in the west axis ranges from 1.98mg/kg in the exchangeable 

fraction to 53.10mg/kg in the residual fraction (Table 4.3).The observed  trend for Co 

concentration was residual >oxidizable > reducible >carbonate > exchangeable, in the 

west axis (Figure 4.2). The trend showed dominance of residual fraction over other 

fractions and the mobile phase of cobalt was below 50% of the total Co in the west axis. 
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This result implied that Co in the west axis was a native of the area but some level of 

concentration may be attributed to anthropogenic activities 

The concentration of  Zn in the west axis ranges from 0.45 mg/kg in the exchangeable 

fraction to 93.95 mg/kg in the residual fraction (Table 4.3).The observed  trend for Zn 

concentration was residual > reducible > oxidizable > carbonate > exchangeable in the 

west axis (Figure 4.2). The trend showed dominance of residual fraction over other 

fractions and the mobile phase of zinc was below 50% of the total Zn in the west axis. 

This result implied that Zn in the west axis was a native of the area but some level of 

concentration may be attributed to anthropogenic activities. 

The concentration of  Cr  in the west axis ranges from 1.25 mg/kg in the carbonate 

fraction to 73. 08 mg/kg  in the residual fraction (Table 4.3).The observed  trend for Cr 

concentration in the west axis was residual > oxidizable > reducible > exchangeable > 

carbonate (Figure 4.2). The trend showed dominance of residual fraction over other 

fractions but the mobile phase of chromium was below 50% of the total Cr in the west 

axis. This result implied that Cr in the west axis was a native of the area but some level of 

concentration may be attributed to anthropogenic activities. 

The concentration of  Cu  in the west axis ranges from 0.93 mg/kg in the exchangeable 

fraction to 25.90 mg/kg in the residual fraction (Table 4.3).The observed  trend for Cu 

concentration in the west axis was residual > oxidizable > reducible > carbonate > 

exchangeable (Figure 4.2). The trend showed dominance of residual fraction over other 

fractions but the mobile phase of chromium was below 50% of the total Cu in the west 

axis. This result implied that Cu in the west axis was a native of the area but some level 

of concentration may be attributed to anthropogenic activities 

The concentration of  As  in the west axis ranges from 7.03 mg/kg in the residual fraction 

to 122.63 mg/kg in the carbonate fraction (Table 4.3).The observed  trend for As 

concentration in the west axis was carbonate > reducible > exchangeable > oxidizable > 

residual (Figure 4.2) . The trend showed dominance of carbonate fraction over other 

fractions. The result revealed high level of mobile phase compared to low  level of 
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residual phase of arsenic in the west axis, thereby implicating anthropogenic activities as 

the major source of arsenic in this axis. 

Fractional distribution of molybdenum in the west axis ranged from 0.63 mg/kg in the 

carbonate fraction to 10.33 mg/kg in the oxidizable fraction (Table 4.3).The observed  

trend for Mo concentration in the west axis was oxidizable > residual > reducible > 

exchangeable > carbonate (Figure 4.2). The trend showed dominance of reducible 

fraction over other fractions. The result revealed high level of mobile phase compared to 

low level of residual phase of molybdenum in the west axis, thereby implicating 

anthropogenic activities as the major source of molybdenum in this axis 

The result of the sequentially extracted selenium in the west axis  ranged from 0.275 

mg/kg in the exchangeable fraction to 65.35 mg/kg in the oxidizable fraction (Table4.3). 

The observed trend for the sequentially extracted selenium in the west axis was 

oxidizable > residual > reducible > carbonate >exchangeable (Figure 4.2) . Dominance of 

the mobile phase indicates high level of selenium contribution from the coal ash dump 

Variations in different axis were attributed to geographical position. 

The results of the sequential analysis for mercury concentration ranged from 0.975mg/kg 

to 48.525 mg/kg in the west axis (Table 4.3; Figure 4.2). The results obtained were only 

those of reducible and residual fractions with a trend of residual > oxidizable. The result 

implied that mercury was a native of the soil crystal in the west axis, with little 

contribution from anthropogenic activities. 
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Table 4.4:  Metal Fractions (mg/kg) in the North Axis of the Study Area 

 

 

 

 

 

 

BAF=Bioavailable fraction, SD = Standard Deviation, BDL= Below detectable limit 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.3:  Metal Fraction (mg/kg) in the North Axis (F1= exchangeable, F2= 

carbonate bound, F3= Fe/Mn bound, F4= oxidizable, F5= residual). 
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 Fe Mn Ni Pb Cd Co Zn Cr Cu As Mo Se Hg 

F1 88.80 3.78 BDL 45.85 2.00 2.95 0.83 0.50 1.05 100.10 0.63 1.40 BDL 

F2 113.03 13.55 1.28 92.03 2.25 5.75 2.00 1.20 1.43 36.63 0.73 0.75 BDL 

F3 279.73 66.33 1.40 75.18 3.70 8.33 9.73 2.85 1.80 111.30 18.08 40.95 BDL 

F4 70.08 13.93 0.03 82.25 5.48 10.63 14.50 0.00 1.88 66.63 31.75 71.85 0.88 

F5 628.08 211.60 22.88 52.15 BDL 30.03 68.68 54.58 20.23 12.40 23.28 59.40 37.73 

Total 1187.75 309.15 25.50 347.45 13.40 57.70 93.60 59.10 26.80 323.75 80.70 174.40 38.60 

Mean 237.65 61.80 5.00 69.55 2.70 11.50 18.70 11.85 5.25 64.75 16.20 34.90 7.70 

BAF 201.75 17.30 1.28 137.85 4.30 8.70 2.90 1.70 2.13 136.75 1.35 2.20 BDL 

%BAF 16.9 5.91 5.85 39.70 29.63 19.1 3.072 2.55 9.39 42.14 1.61 1.068 BDL 
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The trend in the fractional distribution of iron (Fe) in the north axis was: Residual > 

Reducible > Carbonate > exchangeable >  oxidizable (Figures 4.3). The total  

concentration of  Fe in the north axis  was 1187.75 mg/kg, the residual fraction was 

628.08 mg/kg,  while the bioavailable fraction of 201.75 mg/kg  was obtained (Tables 

4.4) . The total Fe obtained in the north axis  were more than the other axes, also, the 

result revealed that the mobile fractions was below 50% of the total Fe concentration in 

the north axis. The result inferred that Fe is a native of the study area with some level of 

contribution from anthropogenic sources. 

Manganese concentration in the north axis ranges from 3.775 mg/kg in the exchangeable 

fraction to 211.60 mg/kg in the residual fraction (Figure 4.3, Table 4.4).  The observed 

trend for the Mn in the north axis were residual > reducible > oxidizable > carbonate > 

exchangeable. The concentration of the residual phase predominated in all the five 

fractions. Mean while the mobile fraction was less than 50% of the total concentration, 

which was an indication that Mn was a native of the area with some contribution from the 

coal ash dump. 

Nickel distribution in the north axis of the study area (Tables 4.4) ranged from 0.03 

mg/kg in the oxidizable fraction to 22.88 mg/kg in the residual fraction. The result of the 

mobile fraction was below 50% of the total Ni concentration in the study area. Mean 

while the exchangeable fraction was below detectable limit of the instrument. The 

observed trend was residual > reducible > carbonate > oxidizable > exchangeable 

(Figures 4.3). Predominant concentration was found in the residual fractional component 

of the soil in this axis, this may imply that Ni is a native of the area with little 

contribution from anthropogenic sources. 

The concentration of lead in the north axis ranges from 45.85 mg/kg in the exchangeable 

fraction to 92.03 mg/kg in the carbonate fraction.The observed trend for lead(Pb) 

concentration was carbonate > oxidizable > reducible > residual > exchangeable, in the 

north axis. The trend showed dominance of carbonate fraction over other fractions, with 

the least concentration observed in exchangeable fraction. This result implied that the 
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greater portion of the total Pb in the north axis was attributed to anthropogenic activities. 

Mean while slight variation with the other axes may be related to geographical location. 

The concentration of  Co in the north axis ranges from 2.95 mg/kg in the exchangeable 

fraction to 30.03 mg/kg in the residual fraction (Table4.4).The observed  trend for Co 

concentration was residual >oxidizable > reducible >carbonate > exchangeable, in the 

north axis (Figure 4.3). The trend showed dominance of residual fraction over other 

fractions and the mobile phase of cobalt was below 50% of the total Co in the north axis. 

This result implied that Co in the north axis was a native of the area but some level of 

concentration may be attributed to anthropogenic activities.  

The concentration of  Zn in the north axis ranges from 0.83mg/kg in the exchangeable 

fraction to 68.68 mg/kg in the residual fraction (Table 4.4, Figure 4.3).The observed  

trend for Zn concentration in the north axis was residual > oxidizable > reducible > 

carbonate > exchangeable. The trend showed dominance of residual fraction over other 

fractions but the mobile phase of zinc was below 50% of the total Zn in the north axis. 

This result implied that Zn in the north axis was a native of the area but some level of 

concentration may be attributed to anthropogenic activities.  

The concentration of  Cr  in the north axis ranges from 0.50 mg/kg in the carbonate 

fraction to 54.58 mg/kg  in the residual fraction (Table 4.4).The observed  trend for Cr 

concentration in the north axis was residual > reducible > carbonate > exchangeable > 

oxidizable  (Figure 4.3). The trend showed dominance of residual fraction over other 

fractions but the mobile phase of chromium was below 50% of the total Cr in the north 

axis. This result implied that Cr in the north axis was a native of the area but some level 

of concentration may be attributed to anthropogenic activities. 

The concentration of  Cu  in the north axis ranges from 1.05 mg/kg in the exchangeable 

fraction to 20.23 mg/kg in the residual fraction (Table 4.4).The observed  trend for Cu 

concentration in the north axis was residual > oxidizable > reducible > carbonate > 

exchangeable (Figure 4.3). The trend showed dominance of residual fraction over other 

fractions but the mobile phase of chromium was below 50% of the total Cu in the north 
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axis. This result implied that Cu in the north axis was a native of the area but some level 

of concentration may be attributed to anthropogenic activities. 

The concentration of  As  in the north axis ranges from 12.40 mg/kg in the residual 

fraction to 111.30 mg/kg in the reducible fraction (Table 4.4).The observed  trend for As 

concentration in the north axis was reducible > exchangeable > oxidizable > carbonate > 

residual (Figure 4.3) in the. The trend showed dominance of reducible fraction over other 

fractions. The result revealed high level of mobile phase compared to low  level of 

residual phase of arsenic in the north axis, thereby implicating anthropogenic activities as 

the major source of arsenic in this axis. 

Fractional distribution of molybdenum in the north axis ranged from 0.63 mg/kg in the 

exchangeable fraction to 31.75 mg/kg in the oxidizable fraction (Table 4.4).The observed  

trend for Mo concentration in the north axis was oxidizable > residual > reducible > 

carbonate > exchangeable (Figure 4.3). The trend showed dominance of oxidizable 

fraction over other fractions. The result revealed high level of  mobile phase compared to 

low  level of residual phase of molybdenum in the north axis, thereby implicating 

anthropogenic activities as the major source of in this axis. 

The result of the sequentially extracted selenium in the north axis  ranged from 

0.75mg/kg  in the exchangeable fraction to 71.85mg/kg in the oxidizable fraction 

(Table4.4). The observed trend for the sequentially extracted selenium in the north axis 

was oxidizable > residual > reducible > exchangeable >carbonate  (Figure 4.3). 

Dominance of the mobile phase indicates high level of selenium contribution from the 

coal ash dump. Variations in different axes were attributed to geographical position. 

The results of the sequential analysis for mercury concentration ranged from 0.875mg/kg 

to 37.725 mg/kg in the north axis (Table4.4). The results obtained were only those of 

reducible and residual fractions with a trend of residual > oxidizable (Fig. 4.3). The result 

implied that mercury was a native of the soil crystal in the north axis, with little 

contribution from anthropogenic activities. 
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Table 4.5:   Metal Fractions ( mg/kg) in the South Axis of the Study Area 

 

 

 

 

 

 

          

               

 

  

 

 

 

 

Fig. 4.4:  Metal Fraction (mg/kg) in the South Axis (F1= exchangeable, F2= 

carbonate bound, F3= Fe/Mn bound, F4= oxidizable, F5= residual). 
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 Fe Mn Ni Pb Cd Co Zn Cr Cu As Mo Se Hg 

F1 76.90 5.70 0.45 36.83 10.83 0.15 0.35 0.35 0.90 20.68 0.60 0.10 BDL 

F2 82.48 9.68 1.43 76.93 8.53 3.58 0.78 0.43 1.18 102.60 0.63 1.05 BDL 

F3 325.90 54.93 1.45 78.88 3.43 7.15 19.70 BDL 1.63 130.30 4.15 19.80 BDL 

F4 57.00 15.15 0.10 58.03 4.43 10.20 20.83 2.40 1.78 69.48 4.63 36.25 1.93 

F5 547.90 189.00 21.05 57.98 26.75 11.55 27.28 74.03 15.80 20.85 11.65 51.05 35.88 

Total 1091.00 272.50 24.48 323.55 54.00 32.65 73.90 77.20 21.30 343.95 21.70 108.30 32.80 

Mean 218.00 54.50 4.90 64.70 10.80 6.50 14.75 15.45 4.25 68.75 4.35 71.70 7.60 

BAF 159.38 15.35 1.73 113.85 19.35 3.73 1.15 0.80 2.10 123.28 1.25 1.20 BDL 

%BAF 14.83 4.78 8.72 35.38 52.96 13.92 1.55 0.89 11.35 31.19 6.15 0.86  BDL 
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Fe in South axis is the fractionation of  heavy metals in the south axis of the study 

area.The trend in the fractional distribution of iron (Fe) in the south axis was: Residual > 

Reducible > Carbonate > exchangeable >  oxidizable (Figures 4.4). The total  

concentration of  Fe in the south axis  was 1091.00 mg/kg, the residual fraction was 

547.90 mg/kg,  while the bioavailable fraction of 159.38 mg/kg  was obtained (Tables 

4.5). The result revealed that the mobile fraction was below 50% of the total Fe 

concentration in the south axis. The result inferred that Fe is a native of the study area 

with some level of contribution from anthropogenic sources. 

Manganese concentration in the south axis ranges from 5.70 mg/kg in the exchangeable 

fraction to 189.00 mg/kg in the residual fraction (Figure 4.3, Table 4.4).  The observed 

trend for the Mn in the south axis were residual > reducible > oxidizable > carbonate > 

exchangeable.The concentration of the residual phase predominated in all the five 

fractions. Mean while the mobile phase was less than 50% of the total concentration, 

which was an indication that Mn was a native of the area with some contributions from 

anthropogenic sources. 

Nickel distribution in the south axis of the study area (Tables 4.5) ranged from 0.10 

mg/kg in the oxidizable fraction to 21.05 mg/kg in the residual fraction. The result of the 

mobile fraction was below 50% of the total Ni concentration in the study area. Mean 

while the oxidizable fraction was the least concentration in south axis. The observed 

trend was residual> reducible > carbonate > exchangeable > oxidizable (Figures 4.4). 

Predominant concentration was found in the residual fractional component of the soil in 

this axis, this may imply that Ni is a native of the area with little contribution from 

anthropogenic sources. 

The concentration of  lead in the south axis ranges from 36.83 mg/kg in the exchangeable 

fraction to 78.88 mg/kg in the reducible fraction (Table 4.5).The observed trend for 

lead(Pb) concentration was reducible > carbonate > oxidizable > residual> exchangeable, 

in the south axis (Figure 4.4).The trend showed slight dominance of reducible fraction 

over other fractions, with the least concentration observed in exchangeable fraction. This 
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result implied that the greater portion of the total Pb in the south axis was attributed to 

anthropogenic activities. Mean while slight variation with the other axes may be related 

to geographical location. 

The concentration of  Cd in the north axis ranges from 2.00 mg/kg in the exchangeable 

fraction to 5.48 mg/kg in the oxidizable fraction (Table 4.4).The observed  trend for Cd 

concentration was oxidizable > reducible > carbonate >exchangeable > residual in the 

north axis (Figure 4.3). The trend showed slight dominance of oxidizable fraction over 

other fractions, Mean while the residual fraction of cadmium in the north axis was below 

detectable limit of the instrument. This result implied that the greater portion of the total 

Cd in the north axis was attributed to anthropogenic activities. 

The concentration of  Cd in the south axis ranges from 3.43 mg/kg in the reducible 

fraction to 26.75 mg/kg in the residual fraction (Table 4.5).The observed  trend for Cd 

concentration in the south axis was residual > exchangeable > carbonate > reducible > 

oxidizable (Figure 4.4). The trend showed dominance of residual fraction over other 

fractions. Mean while the slight variation between the south and other axes may be 

attributed to geographical position. This result showed that, though, the residual fraction 

dominated other fractions, but the mobile phase was slightly above 50% which implied 

that some level of Cd in the south axis was attributed to anthropogenic activities. 

The concentration of  Co in the south axis ranges from 0.15mg/kg in the exchangeable 

fraction to 11.55 mg/kg in the residual fraction (Table 4.5).The observed  trend for Co 

concentration in the south axis was residual >oxidizable > reducible >carbonate > 

exchangeable (Figure 4.4). The trend showed slight dominance of residual fraction over 

other fractions but the mobile phase of cobalt was above 50% of the total Co in the south 

axis. This result implied that the mobile phase contributed more than the residual fraction 

of Co in the south axis. 

The concentration of  Zn in the south axis ranges from 0.35mg/kg in the exchangeable 

fraction to 27.28 mg/kg in the residual fraction (Table 4.5, Figure 4.4).The observed  

trend for Zn concentration in the south axis was residual > oxidizable > reducible > 
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carbonate > exchangeable.The trend showed slight dominance of residual fraction over 

other fractions but the mobile phase of zinc was above 50% of the total Zn in the south 

axis. This result implied that Zn in the south axis was a native of the area but some level 

of concentration may be attributed to anthropogenic activities. 

The concentration of  Cr  in the south axis ranges from 0.35 mg/kg in the exchangeable 

fraction to 74.03 mg/kg  in the residual fraction (Table 4.5).The observed  trend for Cr 

concentration in the north axis was residual > reducible > carbonate > exchangeable > 

oxidizable (Figure 4.4). The trend showed dominance of residual fraction over other 

fractions and the mobile phase of chromium was below 50% of the total Cr in the south 

axis. This result implied that Cr in the south axis was a native of the area but some level 

of concentration may be attributed to anthropogenic activities. 

The concentration of  Cu  in the south axis ranges from 0.90 mg/kg in the exchangeable 

fraction to 15.80 mg/kg in the residual fraction (Table 4.5).The observed  trend for Cu 

concentration in the south axis was residual > oxidizable > reducible > carbonate > 

exchangeable (Figure 4.4). The trend showed dominance of residual fraction over other 

fractions but the mobile phase of chromium was below 50% of the total Cu in the south 

axis. This result implied that Cu in the south axis was a native of the area but some level 

of concentration may be attributed to anthropogenic activities.  

The concentration of the sequentially extracted arsenic in the south axis ranged from 

20.68 mg/kg in the exchangeable fraction to 130.30 mg/kg in the reducible fraction 

(Table 4.5).The observed  trend for As concentration in the south axis was reducible > 

carbonate > oxidizable > residual > exchangeable (Figure 4.4). The trend showed 

dominance of reducible fraction over other fractions. The result revealed high level of  

mobile phase compared to low  level of residual phase of arsenic in the south axis, 

thereby implicating anthropogenic activities as the major source of arsenic in this axis. 

Fractional distribution of molybdenum in the south axis ranged from 0.60 mg/kg in the 

exchangeable fraction to 11.65 mg/kg in the residual fraction (Table 4.5).The observed  

trend for Mo concentration in the south axis was residual > oxidizable > reducible > 
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carbonate > exchangeable. The trend showed dominance of residual fraction over other 

fractions. Also, the result revealed that the mobile phase was below 50% of the total 

molybdenum in south axis. The variation of the molybdenum concentration in this axis 

from the other axes may be as a result of its geographical location. 

The result of the sequentially extracted selenium in the south axis  ranged from 0.1mg/kg  

in the exchangeable fraction to  51.05 mg/kg in the oxidizable fraction (Table4.5). The 

observed trend for the sequentially extracted selenium in the north axis was oxidizable > 

residual > reducible > exchangeable >carbonate  (Figure 4.4). Dominance of the mobile 

phase indicates high level of selenium contribution from the coal ash dump Variations in 

different axis were attributed to geographical position. 

The results of the sequential analysis for mercury concentration ranged from 1.925mg/kg 

to 35.875mg/kg in the south axis.(Table 4.5) The results obtained were only those of 

reducible and residual fractions with a trend of residual > oxidizable (Fig.4.4). The 

concentration of other three fractions exchangeable, carbonate, and reducible  were below 

the detectable limit of the instrument. The result implied that mercury was a native of the 

soil crystal in the south axis, with little contribution from anthropogenic activities. 

Figures 4.1-4.4 is the fractionation of heavy metals within the four cardinal points of 

East, West, North and South of the study area. The trend in the fractional distribution of 

iron (Fe) is the same in the four cardinal points: Residual > Reducible > Carbonate > 

exchangeable >  oxidizable. The highest level of concentrations of 478.075 mg/kg for 

East, 634.625 mg/kg for west, 628.125 mg/kg for North and 547.9 mg/kg for South axis 

were recorded in the residual fractions. The highest bioavailable fraction of 201.75 mg/kg 

was recorded in the North axis while the least bioavailable fraction of 159.375 mg/kg was 

recorded in the South axis (Figures 4.1-4.47and Tables 4.2-4.5). The result showed that 

the sources of Fe were basically the same in the four axes. Variations in the level of 

concentration may be as a result of geographical position of each axis. 
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Manganese concentration ranges from 3.775 mg/kg to 180.825 mg/kg in the East axis 

(Figure 4.1, Table 4.2), 4.525 mg/kg to 302.05 mg/kg in the West axis (Figure 4.2,Table 

4.3), 3.775 mg/kg to  211.16 mg/kg in the North (Figure 4.3, Table 4.4) and 5.7 mg/kg to 

189 mg/kg in the South axis (Figure 4.4,Table 4.5). The observed trend: residual > 

reducible > oxidizable > carbonate > exchangeable was observed for both North and 

South axis. Mean while the observed trend for East and West were residual > reducible > 

carbonate > oxidizable > exchangeable and residual > reducible > oxidizable > carbonate 

> exchangeable respectively (Tables 4.2-4.5). The concentration of the residual phase 

predominated in all the four axis. The geographical position influenced the results 

obtained in each axis which was an indication that some level of Mn was introduced by 

coal ash dump.  

Fractional distribution of nickel within the four cardinal points of the study area (Tables 

4.2-4.5) and (Figures 4.1-4.4) ranged from 0.1mg/kg to 17.075 mg/kg in the East, 

0.3mg/kg to 31.625 mg/kg in the west, 0.025 mg/kg to 22.875 mg/kg in the North and 

0.01mg/kg to 21.05 mg/kg in the South. The observed trends were residual> reducible> 

oxidizable > carbonate> exchangeable for the east axis, residual > oxidizable > reducible 

> carbonate > exchangeable in the west axis, residual > reducible > carbonate > 

oxidizable > exchangeable and residual> reducible > carbonate > exchangeable > 

oxidizable in the south axis. The predominant concentration was found in the residual 

fractional component of the soil in each of the four axes.  The geographical position of 

the study area influenced the results obtained in each axis, more so the dominance of Ni 

in the residual fraction in each axis indicated that Ni is a native of the soil of the study 

area with little contribution from the coal ash dump. 

 The concentration of lead ranges from 47.925 mg/kg to 91.05 mg/kg in the East axis, 

35.975 mg/kg to 86.05 mg/kg in the West, 45.85 mg/kg to  92.025 mg/kg in the North 

and  36.825 mg/kg  to 78.875 mg/kg in the South (Figures 4.1-4.4 and Tables 4.2-4.5). 

The observed trend for lead(Pb) concentration was carbonate > reducible > oxidizable > 

exchangeable > residual in the East axis, reducible > carbonate> oxidizable > residual > 



86 

exchangeable in the West, carbonate > oxidizable > reducible > residual > exchangeabe, 

in the North, and reducible > carbonate > oxidizable > residual> exchangeable, in the 

south axis). The trend showed slight dominance of reducible fraction in the East, West 

and South axis, followed closely by carbonate which was the dominant fraction in the 

North axis. The dominance of non-residual fractions in all the axis indicated that the 

greater portion of Pb in the study area were attributed to coal ash dump, variation in the 

axis may be a factor of geographical position .  

Fractional distribution of Cd in the four cardinal axis ranged from 1.275 mg/kg to 7.525 

mg/kg in the East 2.75 mg/kg to 5.025 mg/kg in the West, 2 mg/kg to 5.475 mg/kg in the 

North and 3.425 mg/kg to 26.75 mg/kg in the South Tables (4.2-4.5) and (Figures 4.1-

4.4). The observed trend was oxidizable > reducible > carbonate >exchangeable > 

residual in the East, West and North axis respectively. The trend observed in the South 

was residual > exchangeable > carbonate > reducible > oxidizable. Cadmium 

concentration was dominated by non-residual fractions except in the south axis, thereby 

implicating the coal ash dump as the major source of cadmium in the four axis.  

Fractional distribution of cobalt in the four cardinal axis ranged from 1.975 mg/kg to 40.8 

mg/kg in the East, 1.975 mg/kg to 53.1mg/kg in the West, 2.95 mg/kg to 30.025 mg/kg in 

the North and 0.15mg/kg to 11.55 mg/kg in the South axis (Tables 4.2-4.5). The trend 

followed the order: residual >oxidizable > reducible >carbonate > exchangeable, in all 

the four cardinal points (Figures 4.1-4.4). The dominance of the residual fraction and the 

low level of non-residual fractions indicated that most of the Co in all the axis were from 

the parent soil material. 

Fractional distribution of zinc in the four cardinal points of the study area ranged from 

0.775 mg/kg to 32.575 mg/kg in the East axis, 0.45 mg/kg to 93.95 mg/kg in West axis, 

0.825mg/kg to 68.675 in the North axis and 0.35 mg/kg to 27.275 in the South axis 

(Tables 4.2-4.5). The observed trend: residual > reducible > oxidizable > carbonate > 

exchangeable is the same for both East and West (Figure 4.1 and 4.2), while the trend: 

residual > oxidizable > reducible > carbonate > exchangeable was the same for both the 
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North and the south axis (Figures 4.3 and 4.4). The dominance of the residual fraction 

followed by reducible fraction and the low level of bio-available fraction indicated that 

the source of Zn in the four axis were from parent soil material and probably little 

contribution from coal ash dump.  

Fractional distribution of chromium in the East axis, North and South of the study area 

are shown in Tables 4.2-4.5. The metal concentration ranged from 8.325mg/kg to 

46.85mg/kg in the East axis, 0.0501.25 mg/kg  to 73.075 mg/kg in the West, 0.5 mg/kg to 

54.575 mg/kg in the North and 0.35 mg/kg to 74.025 mg/kg in the South. The observed 

trend: residual > reducible > carbonate > exchangeable > oxidizable was the same for 

both East and North axis (Figure 4.1 and 4.3). While the trend: residual > oxidizable > 

reducible > exchangeable > carbonate was observed in the West axis (Figure 4.2).  And 

residual > oxidizable > carbonate > exchangeable > reducible was observed in the South 

axis (Figure 4.4). Mean while, the metal is below detectable limit of the instrument in 

oxidizable and reducible fractions of the North and South axis respectively. The 

dominance of the residual fraction in the entire axis showed that most of  the Cr were 

native to the study area and probably little contribution from coal ash dump. 

The concentration of the sequentially extracted copper ranged from 1.325 mg/kg to 15.15 

mg/kg in the East axis (Table 4.2), 0.925 mg/kg to 2.59 mg/kg in the West (Table 4.3), 

1.05 mg/kg to 20.225 mg/kg in the North (Table 4.4) and 0.9 mg/kg to 15.8 mg/kg in the 

South axis (Table 4.5). The trend: residual > reducible > oxidizable > carbonate > 

exchangeable was observed in the East axis (Figure 4.1), while residual > oxidizable > 

reducible > carbonate > exchangeable was the same for Eest, North and South axis 

(Figures 4.2-4.4). The dominance of the residual fraction in all the axis showed that most 

of  the Cu were native to the study area and probably little contribution from coal ash 

dump. Variations of Cu in the axis were attributed to geographical position.  

The concentration of the sequentially extracted arsenic ranged from 37.7 mg/kg to 

125.475 mg/kg in the East axis (Table 4.2), 7.025mg/kg to 122.625 mg/kg in the West 

axis (Table 4.3), 12. /kg to 111.3 mg/kg in the North axis (Table 4.4) and 20.85 mg/kg to 
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130.3 mg/kg in the South axis (Table 4.5). The trend: exchangeable > reducible > 

oxidizable > carbonate > residual was observed in the East axis (Figure 4.1), carbonate > 

reducible > exchangeable > oxidizable > residual in the West axis (Figure 4.2), reducible 

> exchangeable > oxidizable > carbonate > residual in the North axis (Figure 4.3) and 

reducible > carbonate > oxidizable > residual > exchangeable in the South axis (Figure 

4.4). Dominance of non-residual fractions especially the bio-available fraction indicated 

that most of the arsenic concentration in the four axis were attributed to the coal ash 

dump, meaning that arsenic was a potential toxic threat to the environment. 

Fractional distribution of molybdenum in the four cardinal points of the study area, 

ranged from 0.7mg/kg to 21.825mg/kg in the East axis (Table4.2), 0.625mg/kg to 

10.325mg/kg in the West axis (Table 4.3), 0.625mg/kg to 31.75mg/kg in the North axis 

(Table 4.4) and 0.6mg/kg to 11.65mg/kg in South axis (Table4.5). The fractional 

concentration follows the trend: reducible > residual > oxidizable > carbonate > 

exchangeable in the East axis (Figure4.1), oxidizable > residual > reducible > 

exchangeable > carbonate in the West axis (Figure4.2), oxidizable > residual > reducible 

> carbonate > exchangeable in the North (Figure4.3) and residual > oxidizable > 

reducible > carbonate > exchangeable in the South axis (Figure4.4). Dominance of non-

residual fractions indicated that most of the Mo in the four axis originated from the coal 

ash dump with some level of contribution from the parent soil material. Variations of Mo 

concentration in different axis were attributed to geographical position.  

The result of the sequentially extracted selenium ranged from 0.725mg/kg to 79.2mg/kg 

in the East axis (Table4.2), 0.275mg/kg to 65.35mg/kg in the West (Table4.3), 0.75mg/kg 

to 71.85mg/kg in the North Table 4.4), and 0.1mg/kg to 51.05mg/kg in the South axis 

(Table4.5). The observed trend for the sequentially extracted selenium in the East axis 

was residual > reducible > oxidizable > exchangeable > carbonate, oxidizable > residual 

> reducible > carbonate >exchangeable in the West axis, oxidizable > residual > 

reducible > exchangeable >carbonate in the North while residual > oxidizable > reducible 

> carbonate >exchangeable was observed in the South axis (Figures 4.1-4.4). Dominance 
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of residual fraction and the low level of Se concentration in the four axis indicated that 

most of Se originated from the parent soil material and probably little contribution from 

coal ash dump. Variations in different axis were attributed to geographical position.  

Fractional distribution of mercury in the  study area revealed that  in the East axis, a 

concentration of 29.675 mg/kg was recorded only in the residual fraction (Table 4.2). 

Mercury concentration in the other fractions were below detectable limit of the 

instrument (Figure4.1). Also the results of the sequential analysis for mercury 

concentration ranged from 0.975 mg/kg to 48.525 mg/kg in the West axis, 0.875mg/kg to 

37.725 mg/kg in the North and 1.925 mg/kg to 35.875 mg/kg in the South axis Tables 

(4.3-4.5). The results obtained were those of reducible and residual fractions with a trend 

of residual > oxidizable in all the three axis. The concentration of other three fractions 

exchangeable, carbonate, and reducible  were below the detectable limit of the instrument  

 

4.1.3 Mean Metal Fractions from East to South Axis  

Table 4.6 and Figure 4.5 represent the mean of the metal fractions from East to South 

axes.  

Table 4.6: Mean Metal Fractions (mg/kg) in the Study Area 

 

 

 

 

 

 

 F1 F2 F3 F4 F5 Total Mean SD BAF %BAF 

Fe 85.38±5.68 101.89±13.52 306.59±43.64 61.53±17.50 572.58±243.75 1072.38 226.03 217.268 187.23 16.93 

Mn 4.44±0.91 12.05±2.41 64.27±26.85 13.27±2.64 220.87±90.53 314.40 62.88 91.411 16.50 5.68 

Ni 0.19±0.23 1.14±0.72 1.53±0.15 2.31±3.97 23.16±6.52 28.30 5.65 10.195 1.30 4.86 

Pb 42.22±6.95 85.90±7.07 80.98±4.89 75.64±11.88 54.03±13.78 342.40 68.50 18.749 128.13 37.44 

Cd 4.22±4.45 4.12±3.01 4.02±0.55 5.62±1.35 6.69±12.76 24.70 4.95 1.179 8.38 35.39 

Co 1.77±1.17 5.07±1.25 7.69±0.77 10.10±0.40 33.87±14.98 58.50 11.65 12.774 6.85 14.32 

Zn 0.60±0.24 1.80±0.74 18.62±7.71 15.35±4.45 55.62±22.76 93.68 18.75 22.293 3.4 4.75 

Cr 0.81±0.49 1.03±0.40 1.84±1.32 1.53±1.66 62.14±29.81 67.33 13.48 27.206 1.85 2.78 

Cu 1.05±0.20 1.49±0.26 1.90±0.38 1.85±0.11 19.27±7.98 24.28 9.23 3.908 3.30 11.28 

As 84.18±44.84 76.31±42.80 110.79±14.80 63.67±14.82 19.50±14.05 352.75 70.53 33.507 161.75 44.15 

Mo 0.65±0.05 1.08±0.83 12.23±9.06 12.26±13.42 11.42±7.88 39.23 7.88 6.093 1.70 5.52 

Se 0.63±0.58 0.70±0.31 36.49±14.66 56.05±15.88 59.45±11.85 153.35 43.20 28.752 1.38 0.75 

Hg BDL BDL BDL 0.95±0.79 37.96±17.08 37.65 9.25 26.163 BDL BDL 
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The observed trend in the distribution pattern of the mean of heavy metals in the study 

area was Fe >As > Pb > Mn >Se > Zn > Cr >Co > Hg > Cu > Mo > Ni > Cd (Table4.6) 

The metals were categorised into five fractions: exchangeable phase, acid soluble phase 

(bound to carbonate), reducible phase (bound to Fe – Mn oxides ), Oxidizable phase 

(bound to organic matter ),  and residual phase ( bound to silicates ), represented by series 

1- 5 (Figure4.5). 

 

 

 

 

 

 

Fig. 4.5: Mean Level of Metal Fractions (mg/kg) in the Study Area (F1= 

exchangeable, F2= carbonate bound, F3= Fe/Mn bound, F4= oxidizable, F5= 

residual). 

The mean concentration levels of iron (Fe) ranged from 61.525 mg/kg  to 572.575 mg/kg 

(Table 4.6). The mean fractional distribution levels followed the trend: F5 > F3 > F2 > F1 

> F4 (Figure 4.5). The result inferred that Fe was not a possible toxic threat to the soil of 

the study area. 

 Manganese (Mn) mean concentration ranged from 4.45 mg/kg to 220.875mg/kg 

(Table11). The fractional distribution followed the trend: F5 > F3 > F4 > F2 >F1 (Figure 

4.5). The level of Manganese did not constitute toxic threat since the residual fraction 

dominated other fractions and the bio-available fraction was below the standard limit. 
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From (Table 4.6) above, nickel (Ni ) mean concentration in the study area ranged from 

0.2 mg/kg to 24.025 mg/kg. Meanwhile the fractional concentrations followed the order 

F5 > F4 > F3 > F2 >F1. Dominance of residual fraction and low level of non-residual 

fractions means that Ni was not a possible toxic threat to the study area.  

 Lead (Pb) mean concentration ranged from 42.225 mg/kg to 85.9 mg/kg (Table 4.6), 

while the observed trend for the sequentially extracted Pb was F2 > F3 > F4 > F5 > F1. 

The dominance of non-residual fractions and high percentage of bio-available fraction of 

Pb implicated the coal ash dump as well constituted a possible toxic threat to the study 

area. 

Cadmium (Cd) had its mean concentration range between 4.025 mg/kg and 6.7 mg/kg 

(Table 11). The observed trend for the sequentially extracted Cd followd the order F5 > 

F4 > F1 > F2 > F3 (Figure 4.5). The bio-available fraction of Cd was above the standard 

limit such that it posed a potential toxic  threat to the study area.  

As shown in (Table 4.6) cobalt mean concentration ranges between 1.775 mg/kg and 

33.875 mg/kg, while the fractional concentration levels followed the trend F5 >F4 > F3 > 

F2 >F1 (Figure 4.5). The result showed that Co was not a possible contaminant in the 

study area since the non-residual fractions were below the standard limit. 

Zinc (Zn) mean concentration ranged from 0.6 mg/kg to 55.625 mg/kg in the study area 

(Table 4.6).  The fractional distribution trend was F5 > F3 >F4 > F2 >F1(Figure4.5). The 

level of Zn concentration in the study area did not pose any danger since the residual 

fraction dominated other fractions and the bio-available phase was below the standard 

limit.  

Chromium (Cr) mean concentration in the study area ranged between 0.8 mg/kg and 

62.125 mg/kg (Table 4.6). The observed fractional concentration follows the order F5 > 

F3 > F4 >F2 >F1 (Figure 4.5). The result showed that both the residual and non-residual 

fractions were below the standard limit, therefore Cr was not a possible contaminant from 

the coal ash dump in the study area. 
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 The mean concentration level of copper (Cu) in the study area ranged between 1.05 

mg/kg and 10.275 mg/kg (Table 4.6). The observed trend which was similar to Zn, 

followed the sequence: F5 > F3 >F4 >F2 >F1 (Figure 4.5). The result indicated that Cu 

was not a possible contaminant since both the residual and the non-residual fractions 

were below the standard limit.  

Arsenic (As) had its mean concentration range from 19.5 mg/kg to  110.8 mg/kg (Table 

4.6). As well the fractional concentration level  resembles Pb and followed the trend: F3 

>F1 >F2 >F4 >F5 (Figure 4.5). The level of arsenic concentration especially in the bio-

available phase was a potential toxic threat probably from coal ash dump.   

As shown in ( Table 4.6), molybdenum (Mo) mean concentration in the study area ranged 

from 0.65 mg/kg to 12.25 mg/kg, while the observed trend was F4 > F3 > F5 > F2 >F1 

(Figure4.5). This result showed that though bio-available fraction of Mo was below the 

standard limit,  but the high level of Mo in Fe-Mn oxide and organic phases might be 

dangerous especially  if there is slight change in either reducible or oxidizable status of 

the environment. The sequentially extracted mean concentration levels of selenium in the 

study area ranged from 0.625 mg/kg to 59.45 mg/kg (Table 4.6). Meanwhile the observed 

trend was F5 > F4 > F3 > F2 >F1 (Figure 4.5). The low level of Se in the bio-available 

phase means that Se was not a possible contaminant from the coal ash dump.Mercury 

(Hg) concentration levels were below detectable limit in the exchangeable, carbonate and 

reducible fractions. However, a concentration range of 0.95 mg/kg to 37.95 mg/kg was 

recorded in oxidizable and residual fractions (Table 4.6). The non detection of Hg in bio-

available fraction and the dominance of residual fraction showed that Hg was not a 

potential toxic threat to the environment. 

 

4.1.4 Mean Total Extractable and %Bioavailability of Metal Fractions in the Soil 

Table 4.7 and Figure 4.6 represent the mean total extractable, mobility and percentage 

bioavailability of metal fractions in the soil. 
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         Table 4.7: Mean total extractable and %BAF of metals in the soil. 

Metals Total Extractable 

(mg/kg) 

Mobile Fractions 

(mg/kg) 

% BAF 

 Fe 1072.357                      499.80 16.925 

 Mn 314.400  93.53 5.677 

 Ni 28.300  5.14 4.863 

 Pb 342.400                         288.37 37.440 

 Cd 24.700  18.01 35.394 

 Co 58.500  24.63 14.320 

Zn 93.075  38.06 4.750 

Cr 67.325  5.19 2.782 

Cu 24.275  5.53 11.28 

As 352.750  333.25 44.152 

Mo 39.225  29.81 5.522 

Se 153.350  93.90 0.751 

Hg 37.650  0.95 BDL 

 

 

 

 

 

 

 

 

             Fig. 4.6: Mean % age Bioavailability of metals in the soil. 
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The results of percentage bio-availability of metals in the study area (Figure 4.6) revealed 

that arsenic had the highest bio-availability value of 44%, followed closely by lead (Pb) 

37% and cadmium (Cd) 35% . Iron (Fe) had percentage bio-availability value of 16%, 

followed closely by cobalt and copper with bioavailability value of 14% and 11% 

respectively. The other metals manganese, nickel, zinc, chromium, molybdenum and 

selenium had bioavailability values less than 10%. Mercury was below detectable limit of 

the instrument. The observed trend for the percentage bio-availability of the metals in the 

study area was As> Pb >Cd >Fe >Co >Cu >Mn >Mo >Ni >Zn >Cr >Se. This showed that 

the major pollutant metals as a result of coal ash dump were As, Pb, Cd, Fe, Co and Cu. 

Results of the sequentially extracted heavy metals in the soil, revealed that the highest 

level of concentration of 1072.375mg/kg was obtained in iron. The total available arsenic 

was 352.75mg/kg, lead 342.4mg/kg, and manganese 314.4mg/kg. The concentration of 

other metals nickel, mercury, molybdenum, cobalt, chromium, zinc and selenium ranged 

from 28.3mg/kg to 153.35mg/kg. The remaining metals cadmium and copper had 

concentrations of 24.7mg/kg and 24.275mg/kg respectively. The trend for the mean total 

available metals in the study area was iron >arsenic >lead >manganese >selenium >zinc 

>chromium >cobalt >molybdenum >mercury >nickel >cadmium >copper. Similar results 

were obtained in all the four cardinal points of the study area. 

The results of the mobility values of heavy metals in the soil area (Table 4.7), Showed 

that iron had the highest mobility value of 499.8mg/kg, followed by arsenic and lead with 

mobile fractions of 333.25mg/kg and 288.37mg/kg respectively. Selenium and 

manganese had mobility values of 93.9mg/kg and 93.53mg/kg respectively. Also zinc, 

molybdenum and cobalt had close mobile fractions of 38.06mg/kg, 29.81mg/kg and 

24.63mg/kg respectively. While copper , chromium and nickel had mobility values of 

5.53mg/kg, 5.19mg/kg and 5.14 respectively. Mercury had low mobility value of 0.95. 

The results implied that the tendency of the studied metals to pollute the ground water 

followed the trend: Fe > As > Pb > Se >Mn > Zn > Mo > Co > Cd > Cu> Cr > Ni > Hg. 
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4.1.4 Comparison of Mean Level of Metal Fractions (mg/kg) in the Soil with the 

Control 

Table 4.7, Figures 4.7-4.82 represent results of the comparison of means of heavy metal 

fractions in the soil samples of the study area and the control 

Table 4.8: Comparison of Mean Metal Fractions (mg/kg) with Control in the Study 

Area 

 

 

 

 

 

 

 

 

 

 

 

 

(A= Study area, B = Control)

Metals 
F1 F2 F3 F4 F5 Total Mean 

SD 
BAF %BAF 

Fe A 
85.38±5.68 101.89±13.52 306.59±43.64 61.53±17.50 572.58±243.75 1072.38 226.03 217.268 187.23 16.93 

B 
65.75±16.00 84.90±26.52 106.33±12.46 28.53±18.70 29.30±51.38 314.85 62.40 34.24 150.65 47.85 

Mn A 
4.44±0.91 12.05±2.41 64.27±26.85 13.27±2.64 220.87±90.53 314.40 62.88 91.411 16.50 5.68 

B 
0.33±0.66 1.43±2.07 5.28±6.52 2.25±2.67 15.58±6.74 24.85 4.95 6.21 1.75 153.25 

Ni A 
0.19±0.23 1.14±0.72 1.53±0.15 2.31±3.97 23.16±6.52 28.30 5.65 10.195 1.30 4.86 

B 
BDL 0.38±0.75 0.38±0.75 0.20±0.39 11.20±6.61 12.15 2.45 5.44 0.38 137.38 

Pb A 
42.22±6.95 85.90±7.07 80.98±4.89 75.64±11.88 54.03±13.78 342.40 68.50 18.749 128.13 37.44 

B 
0.30±0.44 0.13±0.11 1.18±0.52 4.48±5.26 9.68±6.88 15.75 12.93 4.05 0.43 149.25 

Cd A 
4.22±4.45 4.12±3.01 4.02±0.55 5.62±1.35 6.69±12.76 24.70 4.95 1.179 8.38 35.39 

B 
0.35±0.13 0.33±0.20 0.48±0.16 0.80±0.17 0.13±0.11 2.13 0.43 0.25 0.70 774.75 

Co A 
1.77±1.17 5.07±1.25 7.69±0.77 10.10±0.40 33.87±14.98 58.50 11.65 12.774 6.85 14.32 

B 0.38±0.47 0.35±0.13 0.25±0.18 0.35±0.38 2.08±0.79 3.40 0.70 0.78 0.70 481.5 

Zn A 0.60±0.24 1.80±0.74 18.62±7.71 15.35±4.45 55.62±22.76 93.68 18.75 22.293 3.4 4.75 
B 

0.88±1.28 0.10±0.17 1.85±0.48 2.20±2.41 3.925±5.53 9.00 1.83 1.45 0.98 339.75 

Cr A 
0.81±0.49 1.03±0.40 1.84±1.32 1.53±1.66 62.14±29.81 67.33 13.48 27.206 1.85 2.78 

B 
0.63±0.98 0.58±0.75 0.65±0.84 0.43±0.41 1.53±0.56 3.80 4.20 0.44 1.23 742 

Cu A 
1.05±0.20 1.49±0.26 1.90±0.38 1.85±0.11 19.27±7.98 24.28 9.23 3.908 3.30 11.28 

B BDL BDL BDL BDL 
3.1±0.00 3.1 0.65 0.00 BDL BDL 

As A 
84.18±44.84 76.31±42.80 110.79±14.80 63.67±14.82 19.50±14.05 352.75 70.53 33.507 161.75 44.15 

B 
BDL 0.325±0.21 0.175±0.15 0.3±0.22 BDL 2.825 0.15 0.08 0.32 840.75 

Mo A 
0.65±0.05 1.08±0.83 12.23±9.06 12.26±13.42 11.42±7.88 39.23 7.88 6.093 1.70 5.52 

B 
0.1±0.09 0.075±0.04 1.275±0.77 0.775±0.71 1.275±0.76 3.525 0.75 0.60 0.175 123.075 

Se A 
0.63±0.58 0.70±0.31 36.49±14.66 56.05±15.88 59.45±11.85 153.35 43.20 28.752 1.38 0.75 

B 
0.45±0.44 0.05±0.09 0.3±0.50 0.125±0.21 1.425±0.89 2.325 0.475 0.56 0.5 410.25 

Hg A BDL BDL BDL 
0.95±0.79 37.96±17.08 37.65 9.25 26.163 BDL BDL 

B 
0.025±0.04 0.025±0.03 0.05±0.08 0.05±0.09 0.175±0.11 1.375 0.275 0.06 0.05 172.75 
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Fig. 4.7: Comparison of mean levels of Fe fractions in the soil of the study area and 

the control.  

Figure 4.7 is a plot of comparison of sequentially extracted meam iron concentration 

levels in the study area and the control. The plot showed that both the study area and 

control site had the same trend: F5>F3>F2>F1>F4. The total extractable iron was 

1072.375mg/kg and 664.8mg/kg for the study area and control site respectively 

(Table4.8). Also the bioavailable fractions were 187.225mg/kg and 150.65mg/kg for both 

the study area and the control site. The dominance of Fe in the study area over the control 

indicated that coal ash contributed to the level of Fe in the study area.  

The sequentially extracted mean managnese (Mn) concentration in the study area was 

compared with the control. And the trend: F5> F3> F4> F2> F1 was observed for both 

the study area and the control site (Figure 4.8).  
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Fig. 4.8: Comparison of mean levels of Mn fractions in the soil of the study area and 

control.  

The results showed that in all the fractions, the mean concentrations of the metal in the 

study area were higher than those of the control.The concentration of the total available 

and bio-available manganese are 314.4mg/kg and 24.85mg/kg, and 16.5mg/kg 

and1.75mg/kg for the study area and the control site respectively (Table 4.7). The 

inference is that the manganese concentration in the study area was contributed mostly 

from the parent soil material and probably little quantity from the coal ash dump.     
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Fig. 4.9: Comparison of mean levels of Ni fractions in the soil of the study area and 

control 

Figure 4.9 is a plot of comparison of nickel (Ni) concentration in the soil of the study area 

and the control site. The observed trend: F5> F4> F3> F2 >F1 and F5 >F3 =F2 >F4 >F1 

were for both the study area and control site respectively. The total extractable and the 

bio-available Nickel in the study area were 28.3mg/kg and 1.3mg/kg while12.15mg/kg 

and 0.37 were observed in the  control site respectively (Table 4.7). The results showed 

that nickel concentrations were higher in the study area than in the control site. The 

inference is that the concentration of Ni in the study area was contributed mostly from the 

parent soil material and mat be little from the coal ash dump and Ni was not a possible 

pollutant. 
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Fig. 4.10: Comparison of mean levels of Pb fractions in the soil of the study area and 

control.  

Comparison of the mean lead (Pb) concentration in the soil of the study area and the 

control (Figure4.10) indicated that in all the fractions the concentrations of the metal in 

the study area are higher than the control fractions. The trend: F2> F3> F4> F5 >F1 and 

F5 >F4 >F3 >F1 >F2 were observed for both the study area and control site respectively. 

The total extractable and the bio-available lead were 342.4mg/kg and128.125mg/kg for 

the study area while15.75mg/kg and 0.425mg/kg were for the control site respectively 

(Table 4.7). The level of Pb concentration and dominance of bio-available fraction in the 

study area implicated the coal ash  as the major source of Pb in the study area. 
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Fig. 4.11: Comparison of mean and control levels of Cd fractions in the soil of the 

study area.  

Figure 4.14 is the comparison of the mean level of cadmium concentration in the soil of 

the study area and the control. It  was observed that the concentration of the metal 

fractions in the study area were generally higher than the control. The observed trend: 

F5> F4> F1> F2 >F3 and F4 >F3 >F1 >F2 >F5 were for both the study area and control 

site respectively. The total extractable and bio-available cadmium were 24.7mg/kg 

and8.375mg/kg observed in the study area while 2.125mg/kg and  0.7mg/kg were 

observed in the control site respectively (Table 4.7). The higher level of cadmium in the 

study area especially in the non-residual fractions indicated that most of the Cd were 

attributed to coal ash dump.  
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Fig. 4.12: Comparison of Mean and Control Levels of Co Fractions in the Soil of the 

Study Area. 

 

The comparison  of the mean cobalt concentration in the soil of the study area and the 

control showed the following trend: F5> F4> F3> F2 >F1 and F5 >F1 >F2 =F4 >F3 

(Figure 4.12). The total extractable and the bio-available cobalt were 58.5mg/kg and 

6.85mg/kg observed in the the study area, while 3.4mg/kg and 0.7mg/kg were recorded in 

the control site respectively ( Table 4.7). The results showed that cobalt concentrations 

were higher in the study area than the control site, which inferred that Co concentration in 

the study area was attributed to coal ash dump. 
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Fig. 4.13: Comparison of mean and control levels of Zn fractions in the soil of the 

study area.  

 

Figure 4.13 is the plot of the comparison of mean zinc concentration in the soil of the 

study area and the control. The observed trend: F5> F4> F3> F2 >F1 and F5 >F4 >F3 

>F1 >F2 were for both the study area and control site respectively. The total extractable 

and the bio-available zinc were 93.675mg/kg and  3.4mg/kg while 9mg/kg and 

0.975mg/kg were observed in the control site respectively (Table 4.7). The results 

showed that zinc concentrations were higher in the study area than the control site. The 

inference was that the level of zinc concentrations especially in the residual fraction of 

the study area was mostly attributed to the parent soil material than coal ash dump. 

 

 

 

 

0

10

20

30

40

50

60

F1 F2 F3 F4 F5

m
g/

kg



103 

 

 

 

 

 

 

 

 

 

 

Fig. 4.14: Comparison of mean and control levels of Cr fractions in the soil of the 

study area.  

 

Comparison of mean level of chromium fractions in the soil of the study area and the 

control showed the following trend: F5> F3> F4> F2 >F1 and F5 >F3 >F1 >F2 >F4 

(Figure 4.14). The total extractable and the bio-available chromium were 67.325mg/kg 

and 1.85mg/kg recorded in the study area while 3.8mg/kg and 1.225mg.kg observed in 

the control site respectively (Table 4.7). The results showed that chromium 

concentrations were higher in the study area than the control site. The low level of Cr in 

the non-residual fractions of both the study area and control and the dominance of 

residual fraction in the study area inferred that Cr was probably not form the coal ash 

dump. 
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Fig. 4.15: Comparison of mean and control levels of Cu fractions in the soil of the 

study area.  

 

 

The observed trend for copper concentration in the study area and the control was F5> 

F4> F3> F2 >F1(Figure 4.15). The total extractable copper were 24.275mg/kg and 

3.1mg/kg observed in both the study area and the control (Table 4.7). The bio-available 

fraction of 3.3mg/kg was observed only in the study area, while the bio-available 

fractions of the control site were below detectable limit of the instrument. The inference 

here is that coal ash dump was not implicated in the level of copper in the study area.  
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Fig. 4.16: Comparison of mean and control levels of As fractions in the soil of the 

study area.  

 

The observed trend for the comparison of arsenic concentration were F3> F1> F2> F4 

>F5 and F2 >F4 >F3 >F1 =F5 (Figure4.16). The total extractable and the bio-available 

arsenic were 352.75mg/kg and 161.75mg/kg recorded in the study area, while 

2.825mg/kg and 0.325mg/kg were observed in the control site (Table 4.7). The results 

showed that arsenic concentrations were higher in the study area than the control site. 

The dominance of non-residual fractions in the study area and the low level of arsenic in 

all the fraction of the control area indicated that arsenic in the study area was contributed 

mostly by the coal ash dump. 
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Fig. 4.17: Comparison of mean and control levels of Mo fractions in the soil of the  

                study area.  

 

The comparison of mean molybdenum fractions in the study area and the control 

(Figure 4.17), showed Some level of variations in their trend: F4> F3> F5> F2 >F1 

and F5 >F3 >F4 >F1 >F2. The total extractable and the bio-available molybdenum 

were 39.225mg/kg and 1.7mg/kg recorded in the study area, while 3.525mg/kg  and 

0.175mg/kg were observed in the control site (Table 4.7). The results showed that 

molybdenum concentrations were higher in the study area than the control site. The 

inference is that Mo concentration in the study area was attributed to both the coal ash 

dump and the parent soil material. 
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Fig. 4.18: Comparison of mean and control levels of Se fractions in the soil of the   

                   study area.  

 

The sequentially extracted selenium followed the trend: F5> F4> F3> F2 >F1 and F5 

>F1 >F3 >F4 >F2 in both the study area and control site respectively (Figure 4.18). 

The total extractable and the bio-available selenium were 153.335mg/kg 

and1.375mg/kg recorded in the study area, while 2.25mg/kg and 0.5mg/kg were 

observed in the control site respectively (Table 4.7). The results showed that selenium 

concentrations were higher in the study area than the control site. The inference was 

that Se concentration in the study area was attributed partly to parent soil material and 

partly to coal ash dump. 
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Fig. 4.19: Comparison of mean and control levels of Hg fractions in the soil of the   

                  study area.  

 

The observed trend for Mercury concentration in the control site was: F5> F4= F3> 

F2 =F1. In the study area the trend was F5>F4, the remaining fractions were below 

detectable limit of the instrument (Figure 4.19). The ratio of the extractable mercury 

was 37.675mg/kg: 1.375mg/kg for both the study area and the control site. The bio-

available fraction of 0.05mg/kg was observed only in the control site (Table 4.7). The 

result inferred that Hg was probably not a pollutant from coal ash dump. 
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4.1.6 Variation of bio-available metal fractions with soil depth of the sampled soil 

Results of depth profile of the bioavailable metal fractions in the soil are presented in 

Tables 4.9-4.21 and figures 4.20-4.36.  

It was observed from the depth profiles that iron and nickel did not follow any regular 

trend in concentration levels from top soil to 100cm into the soil especially in fractions 5 

(Figures 4.20 and 4.21). The highest level of iron concentration was recorded between 25 

cm and 50cm depths, while the top soil (1-5cm) had higher concentration level than 

100cm, which was higher than 75cm (Table 4.9).  

Table 4.9: Mean variation of Fe (mg/kg) with depths in the study area  

 

 

 

 

 

 

 

 

 

                                            

 

                         

Fig. 4.20:   Mean variation of Fe with depths (cm) 

Depth 

in cm F1 F2 F3 F4 F5 BAF %BAF 

1-5 3.675 15.125 100.525 17.500 268.975 18.775 4.608 

25 6.475 14.075 79.725 14.775 309.900 20.550 5.115 

50 4.775 11.725 64.300 12.625 191.250 16.500 6.408 

75 4.450 9.925 43.850 8.950 209.500 14.375 5.213 

100 2.850 9.450 33.550 9.425 124.750 12.250 7.038 
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 Nickel concentration level had similar irregular pattern in the depth profile of the bio-

available fractions (Table 4.9). The highest level of concentration (3.175mg/kg), was 

observed at 75 cm depth followed by (2.65mg/kg) at 25 cm depth, the least concentration 

of (0.675mg/kg) was observed at the surface 1-5 cm. The 100 cm depth was higher than 

1-5 cm but less than 50 cm which had a concentration of 1.675mg/kg. The observed trend 

for the depth profile was 75 cm > 25 cm > 50 cm > 100 cm >5 cm (Figure 4.21).  

Irregularity in depth profile usually suggest that activities on the top soil may not be 

directly responsible to the heavy metal concentration in the soil, therefore Fe and Ni 

concentration may not be completely attributed to the coal ash dump. 

 

Table 4.10: Mean variation of Ni (mg/kg) with depths in the study area    

Depth in (cm) F1 F2 F3 F4 F5 BAF %BAF 

1-5 0.200 0.500 1.175 0.875 25.150 0.675 3.073 

25 0.350 0.975 2.575 9.55 32.725 2.650 3.265 

50 BDL 1.250 2.075 1.075 23.525 1.675 6.123 

75 0.200 2.375 1.275 BDL 16.675 3.175 14.467 

100 0.200 0.583 0.625 0.050 17.750 1.025 5.553 

 

 

 

 

 

 

 

Fig. 4.21: Mean variation of Ni with depths (cm) 
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 The heavy metals: Mn, Pb, Cd, Co, Cr, As, Mo, Se had regular pattern in their depth 

profiles. The highest level of concentrations was found between 1-25cm and decreased 

into the soil, with the least concentration recorded at the 100cm depth (Tables 4.10-4.17). 

The trend of the depth profile for the eight elements was: 1-25 cm > 50 cm >75 cm >100 

cm (Figures 4.22-4.28). The trend for the metals Mn, Pb, Cd, Co, Cr, As, Mo, Se 

suggested that coal ash dump probably contributed to their level of concentrations in the 

soil. 

 

 Table 4.11: Mean variation of Mn (mg/kg) with depths in the study area 

 

 

 

 

 

 

 

 

 

 

 

 

 

                         Fig. 4.22: Mean variation of Mn with depths (cm) 
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Depth 

in (cm) F1 F2 F3 F4 F5 BAF %BAF 

 

1-5  74.800 75.650 341.300 52.275 618.500 150.425 13.070 

25 111.925 108.425 367.500 127.650 636.175 220.275 16.208 

50 101.400 117.700 295.275 70.075 627.900 219.125 18.060 

75 61.500 88.075 206.525 39.500 428.250 149.625 16.305 

100 54.925 95.000 257.550 9.475 440.150 149.850 18.063 
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Table 4.12: Mean variation of Pb (mg/kgth depths in the study area 

 

 

 

 

 

 

 

 

 

 

Fig. 4.23: Mean variation of Pb with depths (cm) 

 

 

 

                    

Depth in cm F1 F2 F3 F4 F5 BAF %BAF 

1-5 41.725 86.425 75.125 85.900 49.000 128.200 37.938 

25 49.750 92.625 83.875 82.225 69.350 142.325 37.685 

50 42.175 89.175 84.000 79.750 60.275 131.325 37.125 

75 41.875 86.500 81.700 79.200 57.250 128.500 36.965 

100 39.075 78.500 79.775 72.525 30.550 117.575 39.043 
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Table 4.13: Mean variation of Cd (mg/kg) with depths in the study area   

Depth 

in cm F1 F2 F3 F4 F5 BAF %BAF 

1-5 4.600 4.275 4.950 6.975 29.775 8.875 27.768 

25 9.825 6.025 4.800 6.725 2.725 15.875 44.615 

50 3.925 4.525 4.250 5.650 0.950 8.450 40.390 

75 1.875 4.075 3.550 4.850 BDL 6.000 37.008 

100 0.825 1.775 2.525 3.900 BDL 2.625 27.183 

 

 

   

 

 

 

 

 

 

 

                      Fig. 4.24: Mean variation of Cd with depths (cm) 
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Table 4.14: Mean variation of Co mg/kg with depths in the study area    

Depth 

in cm F1 F2 F3 F4 F5 BAF %BAF 

1-5 2.325 6.275 8.700 11.825 52.825 8.575 10.998 

25 2.650 5.900 8.275 11.125 48.175 8.575 13.625 

50 1.900 5.225 8.100 9.975 37.325 7.100 14.05 

75 1.575 4.500 7.200 9.150 15.150 6.075 20.998 

100 0.425 3.450 6.175 8.475 15.900 3.825 13.233 

 

 

   

 

 

 

 

 

 

 

                               

Fig. 4.25: Mean variation of Co with depths (cm) 
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Table 4.15: Mean variation of Cr (mg/kg) with depths in the study area    

Depth 

in cm F1 F2 F3 F4 F5 BAF %BAF 

1-5 1.900 1.775 0.625 2.200 77.875 3.725 4.215 

25 1.225 1.525 0.925 2.550 77.225 2.725 3.738 

50 0.500 0.825 2.000 1.975 63.000 1.400 2.435 

75 0.375 0.575 1.925 0.100 59.675 1.000 1.703 

100 BDL 0.425 3.750 0.825 32.900 0.900 3.640 

 

 

                

 

 

 

 

 

 

 

 

Fig. 4.26: Mean variation of Cr with depths (cm) 
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Table 4.16: Mean variation of As (mg/kg) with depths in the Study Area   

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.27: Mean variation of As with depths (cm) 

 

Depth in cm F1 F2 F3 F4 F5 BAF %BAF 

1-5 91.175 88.330 134.800 83.970 26.000 179.500 42.240 

25 105.200 104.800 121.400 73.550 29.350 210.100 49.120 

50 79.775 79.000 113.200 64.030 20.275 158.800 43.760 

75 74.375 73.100 97.4300 50.000 14.400 147.600 47.340 

100 70.300 36.280 87.130 46.750 7.450 106.6 38.300 
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Table 4.17: Mean Variation of (Mo mg/kg) with Depths in the Study Area    

Depth in cm F1 F2 F3 F4 F5 BAF %BAF 

1-5 2.100 2.225 19.83 21.200 19.825 4.275 7.235 

25 0.900 1.625 19.85 11.58 15.575 2.375 10.29 

50 0.175 0.975 13.100 9.375 10.450 1.175 3.815 

75 0.100 0.550 4.800 10.300 4.975 0.675 5.655 

100 0.050 0.050 3.575 9.275 6.275 0.100 1.147 

 

    

 

 

 

 

 

 

 

 

Fig. 4.28: Mean variation of Mo with depths (cm) 
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Table 4.18: Mean variation of (Se mg/kg) with depths in the study area    

Depth in cm F1 F2 F3 F4 F5 BAF %BAF 

1-5 1.600 1.425 47.200 64.880 94.250 3.075 1.453 

25 0.950 1.575 53.630 71.450 78.450 2.600 1.243 

50 0.350 0.300 38.130 52.000 38.200 0.675 0.580 

75 0.213 0.125 29.000 46.880 53.325 0.375 0.278 

100 0.100 0.025 14.500 45.080 33.075 0.125 0.200 

 

 

 

 

 

 

 

 

 

 

Fig. 4.29: Mean variation of Se with depths (cm) 
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Table 4.19: Mean variation of Hg (mg/kg) with depths in the study area   

Depth in cm F1 F2 F3 F4 F5 BAF %BAF 

1-5 BDL BDL BDL 1.225 32.200 BDL BDL 

25 BDL BDL BDL 3.325 53.100 BDL BDL 

50 BDL BDL BDL 0.175 39.730 BDL BDL 

75 BDL BDL BDL BDL 43.400 BDL BDL 

100 BDL BDL BDL BDL 21.350 BDL BDL 

BDL= Below detectable limit 

 

 

                         

 

 

 

 

 

 

 

Fig. 4.30: Mean variation of Hg with depths (cm) 
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A reverse trend of concentration levels in depth profile were observed in the metals, zinc 

and copper. The results showed that the concentration increased from the surface down 

into the soil (Figure 4.31 and 4.32)  

The highest concentrations were recorderd at 100cm. Depth profile for both zinc 

and copper followed the order: 100cm> 75cm> 50cm> 25cm> 5cm (Tables 4.19 and 

4.20). The trend for depth profile of Zn and Cu may be attributed to their level of 

mobility in the soil. 

 

Table 4.20: Mean variation of Zn (mg/kg )with depths in the study area   

Depth in cm F1 F2 F3 F4 F5 BAF %BAF 

1-5 0.800 1.700 20.100 20.500 101.650 2.500 1.820 

25 0.775 1.850 21.350 15.625 66.450 2.700 2.663 

50 0.675 2.200 18.775 18.600 50.125 3.000 3.953 

75 0.475 1.700 16.375 16.675 34.350 2.200 4.955 

100 0.300 1.575 16.525 11.625 25.525 6.575 10.348 

 

 

 

 

 

 

 

 

Fig. 4.31: Mean variation of Zn with depths (cm) 
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Table 4.21: Mean variation of (Cu mg/kg) with depths in the study area  

Depth in cm F1 F2 F3 F4 F5 BAF %BAF 

1-5 1.350 1.825 2.125 2.075 24.600 3.225 10.32 

25 1.275 1.825 2.225 2.150 23.650 3.125 10.33 

50 1.075 1.400 1.900 2.025 20.800 2.475 9.500 

75 0.913 1.250 1.700 1.625 18.825 2.125 8.830 

100 0.625 1.175 1.550 1.375 8.300 5.950 17.400 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.32: Mean variation of Cu with depths (cm) 
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4.1.7:  Heavy Metal Distribution in five Plant Leaves Common to the Study Area  

 Distribution of metals in five plant leaves comon to the soil of the study area were 

determined and the results are presented in Table 4.22 and Figures 4.33 

Table 4.22:  Heavy Metals (mg/kg) Distribution in Plant Leaves 

Metals Manihot 

esculenta 

Aspilia 

africana 

Zea mays Abelmoschus 

esculenta 

Panicum 

maximum 

Fe 26.1±26.81 46.65±7.91 38.38±25.75 48.5±24.50 33.18±19.35 

Mn 46.93±20.91 40.00±27.53 45.95±48.79 34.85±22.54 37.60±22.58 

Ni 5.68±9.25 7.05±12.86 3.98±3.46 4.03±5.90 1.10±0.57 

Pb 8.48±5.33 6.85±1.84 6.45±5.75 7.38±5.18 9.25±5.43 

Cd 3.58±5.97 1.13±0.34 5.23±6.55 3.65±1.86 1.60±1.96 

Co 0.73±1.02 1.05±0.82 0.93±1.04 1.55±1.84 0.05±0.10 

Zn 62.85±55.10 44.93±20.50 42.35±25.26 101.13±70.30 36.88±31.86 

Cr  BDL 0.025±0.04 0.05±0.09 0.03±0.05  BDL 

Cu 1.28±1.47 3.95±3.72 4.58±4.58 3.70±4.61 2.28±1.47 

As 22.53±30.69 4.13±6.54 13.08±12.26 16.63±17.50 14.73±27.34 

Mo 10.33±12.00 18.35±22.32 18.48±11.93 25.45±20.96 7.03±12.96 

Se 13.38±10.51 12.03±9.00 7.93±9.63 14.43±20.22 15.45±10.70 

Hg 0.03±0.04  BDL 0.05±0.05 0.03±0.03 BDL 

 

The concentration of heavy metals in plant leaves varied between 4.125mg/kg to 

22.525mg/kg for arsenic, molybdenum varied from 7.025mg/kg to 25.45mg/kg,  Mercury 

varied from 0.025mg/kg to 0.05mg/kg, manganese varied from 34.85mg/kg to 

46.925mg/kg, selenium varied from 7.925mg/kg to 15.45mg/kg, lead varied from 

6.45mg/kg to 9.25mg/kg, iron varied from 26.1mg/kg to 48.5mg/kg, cobalt varied from 

0.05mg/kg to 1.525mg/kg, copper varied from 1.275mg/kg to 4.575mg/kg, cadmium 

varied from 1.125mg/kg to 5.225mg/kg, chromium varied from 0.025mg/kg to 

0.05mg/kg, nickel varied from 1.10mg/kg to 7.05mg/kg and zinc varied between 
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36.875mg/kg to 101.125mg/kg. in the five selected plant leaves samples. (Table 4.22). 

The level of metals accumulated by plant leaves growing naturally on the soil of the 

study area are presented in Figures (4.33). The results revealed that the most abundantly 

accumulated metal in the leaves of sampled plants is zinc, followed by iron (Fe) and 

managanese while the least accumulated were chromium and mercury. 

 

 

 

 

 

 

 

 

Fig. 4.33: Distribution of metals in Plant Leaves 
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was observed in Table 4.22 and Figure 4.33 that the highest level of mercury was found 

in Zea mays (0.05mg/kg) followed by Abelmoschus esculenta and Manihot esculenta 

each having a concentration of (0.025mg/kg).  

In Aspilia africana and Panicum maximum, mercury concentration were below detectable 

limit of the instrument,while in zea mays a concentration of 0.05mg/kg was recorded 

(Table 4.22 and Figure 4.33). The result suggested possible Hg poisoning through eating 

of Manihot esculenta, Zea mays and Abelmoschus esculenta from the study area. 

Maximum concentrations of managanese were found in zea mays 46.925mg/kg, followed 

closely by Manihot esculenta 45.95mg/kg, Aspilia africana 40.00mg/kg, Panicum 

maximum 37.6mg/kg, and the least Abelmosehus esculenta 34.85mg/kg Table 4.22 and 

Figure 4.33. The result suggested that Mn did not pose any contamination problem to any 

of the five selected plant leaves and no adverse health implications to consumers of the 

plants were expected. 

The highest concentration of selenium was found in Panicum maximum 15.45mg/kg 

followed by Abelmoschus esculenta 14.425mg/kg, Manihot esculenta 13.375mg/kg, 

Aspilia africana 12.025mg/kg and the least Zea mays 7.925mg/kg (Table 4.22 and Figure 

4.33). Selenium is a possible toxicant since its concentration was above the permissible 

limit in all the selected plant leaves. 

Lead (Pb) accumulated most in Panicum maximum 9.25mg/kg followed closely by 

Manihot esculenta 8.475mg/kg, Abelmosehus esculenta 7.375mg/kg, Aspilia africana 

(6.85mg/kg and Zea mays 6.45mg/kg (Table 4.22, Figure 4.33).  The result suggested that 

Pb  posed a toxicity threat to the five selected plant leaves and possible Pb poisoning to 

people who eat the plants. 

Maximum concentration of iron (Fe) was found in Abelmosehus esculenta (48.5mg/kg) 

followed by Aspilia africana (46.65mg/kg), Zea mays (38.375mg/kg), Panicum maximum 

(33.175mg/kg) and Manihot esculenta (26.1mg/kg).  Iron was neither a possible toxicity 
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threat to the plants or to their consumers since its concentration was below the standard 

limit. 

 It was observed from Table 4.22 and Figure 4.33 that the highest concentration of cobalt 

(Co) was found in Abelmoschus esculenta 1.525mg/kg followed by Aspilia africana 

(1.05mg/kg), Zea mays (0.925mg/kg), Manihot esculenta (0.725mg/kg) and the least 

Panicum maximum (0.05mg/kg). This result suggested possible Co poisoning through 

eating of Abelmoschus esculenta and Aspilia africana from the study area. 

Table 4.22 and Figure 4.33 above shows that the maximum concentration of copper (Cu) 

was found in Zea mays 4.575mg/kg, followed by Aspilia africana 3.95mg/kg, 

Abelmosehus esculenta 3.7mg/kg, Manihot esculenta 0.725mg/kg and the least Panicum 

maximum 0.05mg/kg.The result indicated that  Copper was not a toxicity threat in any of 

the plant leaves studied. 

The highest level of concentration of cadmium was found in Zea mays 5.225mg/kg 

(Table 4.22 and Figure 4.33), followed by Abelmoschus esculanta (3.65mg/kg), Manihot 

esculenta (3.575mg/kg), Panicum maximum (1.60mg/kg) and Aspilia africana 

(1.125mg/kg). The five selected plant leaves were at danger of Cd contamination and 

possible adverse health effect to their consumers since the level of Cd in each of the plant 

leaves exceeded its permissible limit. 

Chromium concentration was most abundant in Zea mays (0.05mg/kg), Aspilia africana 

and Abelmoschus esculenta had concentrations of 0.025mg/kg each, while Manihot 

esculenta and Panicum maximum concentrations were below detectable limit of the 

instrument (Table 4.22 and Figure 4.33). The result showed that eating of Zea 

mays,Aspilia Africana and Abelmoschus esculenta from the study area may lead to 

chromium poisoning. 

Nickel (Ni) accumulated maximum in Aspilia africana 7.05mg/kg (Table 4.22 and Figure 

4.33), followed by manihot esculenta 5.675mg/kg, Abelmoschus esculenta 4.025mg/kg, 

Zea mays 3.975mg/kg, and Panicum maximum 2.35mg/kg. The result showed that 
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Aspilia Africana and Manihot esculenta may be at danger of nickel contamination and 

possible adverse health implication to their consumers. 

 Maximum concentration of zinc (Zn) was found in Abelmoschus esculent 101.125mg/kg 

followed by Manihot esculenta 62.85mg/kg, Aspilia africana 44.925mg/kg Zea mays 

(42.35mg/kg) and Panicum maximum 36.875mg/kg (Table 4.22 and Figure 4.33). The 

result showed that zinc was not a possible toxicant to the five selected plant leaves in the 

study area. 
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4.1.8 Comparison of Heavy Metal Distribution in Five Plant Leaves from the Study 

Area and the Control.  

The Comparison of Heavy Metal Distribution in five Plant Leaves from the Study Area 

and the Control, are shown in Table 4.23 and Figures 4.34-4.46  
 

Table 4.23: Comparison of Heavy Metal Accumulation in five Plant Leaves 

Metals  Manihot 

esculenta 

Aspilia 

africana 

Zea mays Abelmoschus 

esculenta 

Panicum 

maximum 

Fe A 26.1±26.81 46.65±7.91 38.38±25.75 48.5±24.50 33.18±19.35 

B 52.95±21.44 56.18±36.21 62.38±32.85 42.48±7.76 48.98±13.95 

Mn A 46.93±20.91 40.00±27.53 45.95±48.79 34.85±22.54 37.60±22.58 

B 20.30±17.12 8.80±8.13 5.78±7.48 6.68±10.80 18.80±17.78 

Ni A 5.68±9.25 7.05±12.86 3.98±3.46 4.03±5.90 1.10±0.57 

B 1.3±0.87 1.30±1.06 1.45±1.58 0.58±0.81 0.88±0.84 

Pb A 8.48±5.33 6.85±1.84 6.45±5.75 7.38±5.18 9.25±5.43 

B 0.80±0.32 0.30±0.17 1.05±0.35 0.38±0.29 0.43±0.39 

Cd A 3.58±5.97 1.13±0.34 5.23±6.55 3.65±1.86 1.60±1.96 

B 0.83±0.86 0.50±0.73 0.95±0.58 0.45±0.46 0.65±0.30 

Co A 0.73±1.02 1.05±0.82 0.93±1.04 1.55±1.84 0.05±0.10 

B 0.93±0.64 0.63±1.20 1.18±0.85 0.08±0.10 1.00±0.95 

Zn A 62.85±55.10 44.93±20.50 42.35±25.26 101.13±70.30 36.88±31.86 

B 16.40±16.64 26.83±27.70 16.38±13.67 15.08±16.16 19.10±8.65 

Cr A  BDL 0.025±0.04 0.05±0.09 0.03±0.05  BDL 

B  BDL BDL  BDL 0.20±0.39  BDL 

Cu A 1.28±1.47 3.95±3.72 4.58±4.58 3.70±4.61 2.28±1.47 

B 3.03±0.25 4.00±3.15 2.25±1.15 2.33±1.65 2.30±1.15 

As A 22.53±30.69 4.13±6.54 13.08±12.26 16.63±17.50 14.73±27.34 

B  BDL 0.05±0.05 0.03±0.04 0.15±0.30 0.05±0.07 

Mo A 10.33±12.00 18.35±22.32 18.48±11.93 25.45±20.96 7.03±12.96 

B 2.98±1.58 1.58.48±1.18 0.15±0.15 0.70±0.62 1.15±1.34 

Se A 13.38±10.51 12.03±9.00 7.93±9.63 14.43±20.22 15.45±10.70 

B 2.40±1.34 1.33±0.93 1.38±0.69 1.33±0.85 2.03±2.23 

Hg A 0.03±0.04  BDL 0.05±0.05 0.03±0.03 BDL 

B 0.08±0.09 0.05±0.09 0.03±0.06 0.1±0.07 0.05±0.05 
 

A = Study area, B = control 
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The result for mercury (Hg) analysis showed that except for zea mays, mercury 

concentrations were higher in the plant leaves of the control samples than the study area 

(Figure 4.34). The concentration varied between 0.025mg/kg and 0.1mg/kg in 

Abelmoschus esculenta, 0.025mg/kg and 0.075mg/kg in manihot esculenta, 0.05mg/kg 

and 0.025mg/kg in zea mays. In Aspilia africana and Panicum maximum, mercury (Hg) 

concentration  was the same 0.05mg/kg in the control, while in the study area the 

concentration was below detectable limit of the instrument (Table 4.23). The result 

showed that Hg is probably a native of the environment under study and possibly little 

contribution from coal ash dump. 

 

 

 

 

  

 

 

 

 

 

Fig 4.34: Comparison of Hg concentration in the study area and the  control 
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Figure 4.35 revealed that arsenic concentrations were higher in the plant leaves in the 

study area than the control sites. The concentration varied between 4.125mg/kg and 

0.05mg/kg in Aspilia africana, 13.075mg/kg and 0.025mg/kg in Zea mays, 16.625mg/kg 

and 0.15mg/kg in Abelmoschus esculenta and 14.725mg/kg and 0.05mg/kg in Panicum 

maximum. In Manihot esculenta, the arsenic concentration of 22.525mg/kg was the 

highest in the study area, but the control result was below detectable limit of the 

instrument (Table 4.23). The results showed that arsenic contents of the plant leaves from 

the study area were attributed to coal ash dump.  

 

 

 

 

 

 

 

 

 

 

Fig. 4.35: Comparison of Mean Level of As in the leaves of the study area and the 

control      
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Figure 4.36; is the result of comparism of molybdenum mean concentration in the plant 

leaves of the study area and control. The concentration of molybdnum from the study 

area and the control sites varied between 10.325mg/kg and 2.975mg/kg in Manihot 

esculenta, 18.35mg/kg and 1.575mg/kg in Aspilia africana, 18.475mg/kg and 0.15mg/kg 

in Zea mays, 25.45mg/kg and 0.7mg/kg in Abelmoschus esculenta and 7.025mg/kg and 

1.15mg/kg in Panicum maximum (Table 4.23). The result indicated that the levels of 

Molybdenum in the plant leaves of the study area were attributed to coal ash dump. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.36: Mean Level of Mo in leaves 
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Figure 4.37 is the plot of comparism of manganese (Mn), mean concentration in the plant 

leaves of the  study area and control. The result revealed that though there were 

reasonable concentration of managanese in two plants from the control, managanese 

concentrations were higher in all the plant leaves from the study area. Manganese 

concentration in both the study area and control varied between 46.925mg/kg and 

20.3mg/kg in Manihot esculenta, 40mg/kg and 8.8mg/kg Aspilia africana, 45.95mg/kg 

and 5.775mg/kg Zea mays, 34.85mg/kg and 6.675mg/kg Abelmoschus esculenta and 

37.60mg/kg and 18.80mg/kg Panicum maximum (Table 4.23). The level of Mn content in 

the selected plant leaves of the study area were mostly contributions from coal ash dump. 

 

 

 

 

 

  

 

 

 

                                        

 

 

Fig. 4.37:  Comparison of Mean Level of Mn in leaves of the study area and control 
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Selenium concentrations were higher in all the plant leaves in the study area than in the 

control. The results of (Figure 4.38) revealed that concentration of selenium in plant 

leaves from both the study area and control varied between 13.375mg/kg and 2.40mg/kg 

in Manihot  esculenta, 12.025mg/kg and  1.325mg/kg in Aspilia africana, 7.925mg/kg 

and 1.375mg/kg in Zea mays, 14.425mg/kg and 1.325mg/kg in Abelmoschus esculenta 

and 15.45mg/kg and 2.025mg/kg in Panicum maximum (Table 4.23). The result showed 

that higher level of selenium in the plant leaves of the study area may be attributed to 

coal ash dump.  

 

 

                      

 

 

 

 

 

                                                   

 

 

Fig. 4.38: Comparison of Mean Level of Se in leaves of the study area and the control 
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Concentration of lead (Pb) followed the same trend like selenium. The results of Figure 

4.39 showed that lead (Pb) concentration in all the plant leaves in the study area were 

higher than the results of the control. The concentration of lead in plant leaves from both 

the study area and the control site, varied between 8.475mg/kg and 0.8mg/kg in Manihot 

esculenta, 6.85mg/kg and 0.30mg/kg in Aspilia Africana, 6.45mg/kg and 1.05mg/kg in 

Zea mays, 7.375mg/kg and 0.375mg/kg in Abelmoschus esculenta and 9.25mg/kg and 

0.425mg/kg in Panicum maximum (Table 4.23). The result showed that Pb is probably a 

pollutant from the coal ash dump. 

 

 

 

 

  

  

 

 

 

 

 

                                                          

Fig. 4.39: Mean Level of Pb in leaves 
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Figure 4.40 is the plot of the comparism of mean conentration of iron (Fe) in the plant 

leaves from both the study area and control. The results showed that the concentration of 

iron (Fe) is higher in four of the plant leaves from the control than the study area, except 

Abelmoschus esculenta. the concentration varied between 52.95mg/kg and 26.10mg/kg in 

Manihot esculenta, 56.175mg/kg and 46.65mg/kg in Aspilia africana, 62.375mg/kg and 

13.375mg/kg in Zea mays, 13.375mg/kg and 48.50mg/kg in Abelmoschus esculenta and 

48.975mg/kg and 33.175mg/kg in Panicum maximum (Table 4.23). The result showed 

that coal ash dump is probably not a major contributor to the level of iron content in the 

selected plant leaves in the study area. 

 

 

 

  

         

 

  

 

 

 

                                         

Fig. 4.40: Comparison of Mean Level of Fe in leaves of the study area and the control   
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The results of cobalt concentration in the leaves of sampled plants from the study area 

and the control sites (Figure 4.41) showed that the concentration of Cobalt were higher in 

Manihot esculenta, Zea mays and Panicum maximum from the control site. However, 

concentration in Aspilia africana and Abelmoschus esculenta were higher in the study 

area than the control. The results from both the study area and the control sites (Table 

4.23) also revealed that cobalt concentration varied between 0.725mg/kg and 0.925mg/kg 

for Manihot esculenta, 1.05mg/kg and 0.625mg/kg in Aspilia africana, 0.925mg/kg and 

1.175mg/kg in Zea mays, 1.525mg/kg and 0.075mg/kg in Abelmoschus esculenta and 

0.05mg/kg and 1.00mg/kg in Panicum maximum. The result showed that the Co content 

of the selected plant leaves were contributions from the parent soil materials and the coal 

ash dump. 

 

 

 

 

 

 

 

  

 

 

Fig.4.41: Comparison of Mean Level of Co in leaves of the study area and the control  
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Figure 4.42 is the plot of the comparism of mean copper concentration in leaves of the 

sampled plants from both the study area and the control sites. The results revealed that 

copper concentration in the leaves from both the study area and the control sites varied 

between 1.275mg/kg and 3.035mg/kg in Manihot esculenta, 3.95mg/kg and 4.00mg/kg in 

Aspilia africana, 2.075mg/kg and 2.25mg/kg in Zea mays, 3.70mg/kg and 2.325mg/kg in 

Abelmoschus esculenta and 2.275mg/kg and 2.30mg/kg in Panicum maximum (Table 

4.23). This result showed that the level of copper content in the selected plant leaves 

cannot be attributed to coal ash dump. 

  

  

 

 

 

 

 

 

  

 

 

 

Fig. 4.42: Comparison of Mean Level of Cu in leaves of the study area and the control  
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Figure 4.43 is the result of the mean cadmium (Cd) concentration in the leaves of the 

sampled plants from the study area and the control. The result revealed that the 

concentration is higher in all the leaves from the study area than the control. The 

concentration of cadmium in the leaves from the study area and the control sites varied 

between 3.575mg/kg and 0.825mg/kg in Manihot esculenta, 1.125mg/kg and 0.50mg/kg 

in Aspilia africana, 5.225mg/kg and 0.95mg/kg in Zea mays, 3.65mg/kg and 0.45mg/kg 

in Abelmoschus esculenta and 1.6mg/kg and 0.65mg/kg in Panicum maximum (Table 

4.23). The level of cadmium content in the selected plant leaves of the study area were 

attributed to coal ash dump. 

      

 

 

 

 

 

 

 

 

 

                                                             

 

Fig. 4.43: Comparison of Mean Level of Cd in leaves of the study area and the control  
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Comparism of mean level of chromium concentration in the leaves of sampled plants 

from the study area and the control (Figure 4.44). The result revealed that concentration 

of chromium (Table 4.23).was below detectable limit in Manihot esculenta and Panicum 

maximum for both  the study area and the control. In Zea mays  and Aspilia africana, 

chromium concentration were below detectable limit of the instrument in the control site. 

Also chromium concentration varied between 0.025mg/kg and 0.20mg/kg in 

Abelmoschus esculenta for the study area and the control.The inference is that Chromium 

is probably not a pollutant from the coal ash dump. 

 

 

 

  

 

 

 

   

        

 

 

Fig. 4.44: Comparison of Mean Level of Cr in leaves of the study area and the control 
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Figure 4.45 is the results of the comparism of mean concentration of nickel (Ni) in the 

selected plant leaves from the study area and the control. The results showed that nickel 

concentration was higher in all the plant leaves from the study area than the control. 

Nickel concentration in the leaves of the sampled plants from the study area and the 

control varied between 5.675mg/kg and 1.30mg/kg in Manihot esculenta, 7.05mg/kg and 

13.00mg/kg in   Aspilia africana, 3.975mg/kg and 1.45mg/kg in Zea mays, 4.024mg/kg 

and 0.575mg/kg in Abelmoschus esculenta and 1.1mg/kg and 0.875mg/kg in Panicum 

maximum (Table 4.23). The level of nickel content in the selected plant leaves in the 

study area can be attributed to coal ash dump. 

 

 

 

                

 

 

 

 

 

 

 

Fig. 4.45: Comparison of Mean Level of Ni in leaves of the study area and the control 

 

  

0

1

2

3

4

5

6

7

8

Manihot 
esculenta

Aspilia 
africana

Zea mays Abelmoschus 
esculenta

Panicum 
maximum

m
g/

kg



140 

Figure 4.46 is the plot of comparison of mean concentration of zinc (Zn) in the leaves of 

the sampled plants from the study area and control. The plot showed that Zn 

concentration was higher in all the leaves from the study area than the control site. It was 

also observed that zinc was the most abundantly accumulated metal in the sampled leaves 

from the study area (Table 4.23). Also zinc concentration in the sampled leaves from both 

the study area and the control varied between 62.85mg/kg and 16.4mg/kg in Manihot 

esculenta, 44.925mg/kg and 26.825mg/kg in Aspilia africana, 42.35mg/kg and 

16.375mg/kg in Zea mays, 101.125mg/kg and 15.075mg/kg in Abelmoschus esculenta 

and 36.875mg/kg and 19.10mg/kg in Panicum maximum. The level of zinc content in the 

selected plant leaves may be mostly attributed to coal ash dump and little from the parent 

soil material. 

 

  

 

 

              

 

 

 

 

 

 

Fig. 4.46: Comparison of Mean Level of Zn in leaves of the study area and the control 
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4.1.9  Heavy Metals Concentration in the Sediment of Oji River  

The results of heavy metals concentration in the sediment of Oji-river are presented in 

Table 4.24 and Figure 4.47. 

Heavy metal concentrations were categorized into five fractions: F1(exchangeable), F2 

(carbonate), F3 (reducible/Fe-Mn oxides) F4 (Oxidizable), and F5 (residual). 

 

Table 4.24; Mean concentration (mg/kg) of fractions of heavy metal samples of 

sediment of Oji-river 

 

 

 

 

 

 

 

 

 

 

 

 BDL = Below detectable limit, BAF = Bio-available fraction 

  

 
F1 F2 F3 F4 F5 Total Mean BAF %BAF 

Fe 14.23±17.74 10.40±12.30 208.28±52.47 19.20±16.33 233.70±5.63 485.80 97.15±11.85 24.63 4.74 

Mn 4.98±2.30 10.00±5.17 19.13±14.33 7.18±3.36 49.30±31.01 90.55 18.30±9.31 14.95 18.72 

Ni 0.38±0.34 0.15±0.21 1.15±1.40 0.50±0.68 BDL 2.15 BDL 0.53 26.26 

Pb 46.38±17.13 79.85±33.90 61.93±33.21 68.63±32.47 41.95±28.25 299.73 59.95±26.76 126.25 45.28 

Cd 1.43±1.04 1.23±0.97 3.73±2.02 4.23±2.29 BDL 110.68 27.68±1.03 2.65 30.35 

Co 4.13±1.36 5.55±2.30 8.05±3.92 9.45±4.79 38.75±33.69 65.60 11.33±8.50 9.68 25.52 

Zn 0.40±0.18 0.80±0.49 2.35±3.14 3.40±6.63 26.40±1.36 28.35 5.68±3.39 1.20 12.36 

Cr 0.38±0.25 0.73±0.08 1.75±0.13 1.05±0.94 16.80±12.80 20.68 4.13±2.52 1.10 7.22 

Cu 0.70±0.43 1.35±0.88 1.63±0.88 1.30±0.71 3.63±3.37 8.58 1.73±0.83 2.05 23.50 

As 1.25±0.98 1.58±0.94 5.43±4.14 8.33±4.13 7.05±3.43 21.38 4.28±2.36 2.83 13.41 

Mo BDL 6.45±3.09 6.20±2.51 BDL 7.23±3.36 19.85 6.63±0.52 6.45 32.07 

se BDL 1.40±0.52 1.30±0.82 1.65±1.53 31.50±5.86 35.85 8.98±1.22 1.40 3.91 

Hg BDL BDL BDL BDL 48.15±29.75 48.15 48.15±8.73 BDL BDL 

 



142 

 

 

 

 

 

 

 

 

 

Fig. 4.47: Mean concentration (mg/kg) of fractions of heavy metal samples of 

sediment of Oji-river. (F1= exchangeable, F2= carbonate bound, F3= Fe/Mn bound, F4= oxidizable, F5= residual) 

 

The availability of Fe in the sequentially extracted fractions followed the order: residual> 

reducible> oxidizable> exchangeable> carbonate (Figure 4.47). The mean bioavailable 

fraction was 24.625mg/kg representing 4.74% of the mean total available Fe (Table 

4.24). It was observed also that residual fraction predominate other fractional components 

while the least concentration was found in the bio-available fractions. The level of iron in 

the bio-available fraction was not a potential toxic threat and cannot be wholly attributed 

to coal ash dump. 

 The observed trend for the available sequentially extracted Mn fractions were residual> 

reducible > carbonate > oxidizable> exchangeable (Figure 4.47). The dorminant 

concentration was found in the residual phase while the least concentration was found in 

the exchangeable fraction. Manganese was below thresh hold effect concentration and the 

source could not be attributed to coal ash dump.The dominance of non-residual fractions 

of nickel in the sediment may be linked to coal ash dump.The observed trend  for the 
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mean available nickel concentration in the sediment samples was reducible> oxidizable> 

exchangeable> carbonate> residual (Figure 4.47). Also nickel concentration was below 

detectable limit in the residual. 

 The  observed trend for the sequentially available Pb concentration in the sediment were 

carbonate> oxidizable> reducible> exchangeable> residual (Figure 4.47).The mean 

bioavailable fraction was 126.25mg/kg representing 45% of the mean total available lead 

in the sediment (Table 4.24). The level of bio-available fraction of lead in the sediment 

was a possible toxic threat and can be attributed to coal ash dump. 

The observed trend for the available sequentially extracted mean cadmium were;  

oxidizable  > reducible > exchangeable > carbonate > residual. In all the sampling points 

(Figure 4.47). Meanwhile the concentration of the residual phase was below the 

detectable limit of the instrument. The mean bio-available fraction was 2.65mg/kg 

representing 30% of the mean total available Cd in the sediment.The result showed that 

the level of cadmium in the sediment is a probable pollutant from coal ash dump. 

 The mean total extractable cobalt in the study area was 65.6mg/kg. The availability of 

sequentially extracted mean cobalt concentration was of the order: residual > oxidezable 

> reducible > carbonate > exchangeable (Figure 4.47). The mean bioavailable fraction 

has a concentration of 9.675mg/kg which is 25.52% of the total extractable cobalt in the 

study area. The result showed that available cobalt in the sediment cannot be attributed to 

coal ash dump. 

 The availability of mean zinc concentration in each fraction is of the order: Residual > 

oxidizable > reduciable > carbonate > exchangeable (Figure 4.47). The total mean 

extractable zinc was28.35mg/kg, the mean bioavailable fraction was 1.20mg/kg which is 

12.36% of the total extractable zinc. The inference is that the level of zinc in the sediment 

cannot be attributed to coal ash dump.   

 The mean total extractable chronium is 20.675mg/kg, while the readily bioavailable 

fraction is 1.10mg/kg (Table 4.24) which represents 7.22% of the total extractable 
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chromium. The  availability of mean chromium concentration in each fraction is of the 

order: Residual > Reducible > oxidizable > carbonate > exchangeable (Figure 4.47). The 

trend indicated that chromium content in the sediment was probably not a pollutant from 

coal ash dump. 

 The mean total extractable copper is 8.575mg/kg; The bioavailable fraction is 2.05mg/kg 

which is 23.5% of the total extractable fraction in the sediment of the study area (Table 

4.24). Availability of mean copper concentration in each fraction is of the order: residual 

> reducible > carbonate > oxidizable > exchangeable (Figure 4.47). The trend indicated 

that copper content in the sediment is probably not a pollutant from coal ash dump.  

The mean total extractable arsenic in the sediment of the study area is 0.855. The 

bioavailable fraction is 2.825mg/kg which is 13.41 % of the total extractable Arsenic 

(Table 4.24). The availability of mean Arsenic concentration in each fraction is of the 

order: oxidizable > residual > reducible > carbonate > exchangeable. The predominate 

concentration is found in oxidizable while the least in abundance is exchangeable phase 

(Figure 4.47).  The trend attributed the available arsenic in the sediment to coal ash dump 

and its concentration level was a possible toxic threat to the environment.  

 The concentration of molybdenum in the exchangeable and oxidizable fractions were 

below detectable limit of the instrument in all the sampling points. The total mean 

extractable molybdenum is 0.794, while the bioavailable fraction is 6.45mg/kg which 

represents 32.068% of the total extractable Mo (Table 4.24). The trend for the availability 

of the sequentially extracted mean Molybdenum concentration was Residual > carbonate 

> Reducible > oxidizable = exchangeable (Figure 4.47). The trend indicated that 

molybdenum content in the sediment is probably a pollutant from coal ash dump.    

The mean total extractable selenium was 1.434mg/kg, while the bioavailable fraction was 

1.40mg/kg which represents 3.908 % of the total extractable selemium in the sediment of 

the Oji River water (Table 4.24). The availability of the sequentially extracted mean 

selenium concentration was of this order: Residual > oxidizable > carbonate > 
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Reduciable > exchangeable (Figure 4.47). The trend indicated that selenium content in 

the sediment is probably not a pollutant from coal ash dump. 

Mercury concentration was below detectable limit of the instrument in exchangeable, 

carbonate, reducible and oxidizable fractions, in all the sampling points. The mean total 

extractable Hg in the Oji-river was 48.15mg/kg (Table 4.24). The trend indicated that 

mercury content in the sediment was probably not a pollutant from coal ash dump.  

  

4.1.10 Total and %Bioavailability of Heavy Metal Concentration in the Sediment of 

Oji-River.  

Results of total and % bioavailability of metals in the sediment of Oji-river are presented 

in table 4.25 and figure 4.48. 

Table 4.25: Total and percentage bio-available metals in the sediment of Oji River 

Metals Concentration (mg/kg) % BAF 

 Fe 485.80 4.74 

 Mn 90.55 18.72 

 Ni 2.15 26.26 

 Pb 299.73 45.29 

 Cd 110.68 30.35 

 Co 65.60 25.52 

Zn 28.35 12.36 

Cr 20.68 7.22 

Cu 8.58 23.50 

As 21.38 13.41 

Mo 19.85 32.07 

Se 35.85 3.91 

Hg 48.15 BDL 
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The results of the mean extractable metals in the sediment of oji river, revealed that iron 

had the highest concentration of 485.8mg/kg, followed by lead 299.725mg/kg. The 

concentrations of cadmium, manganese, cobalt, zinc, chromium, copper, arsenic, 

molybdenum, selenium and mercury ranged from 2.15mg/kg – 110.675mg/kg obtained in 

nickel and cadmium respectively (Table 4.25).The extractable metals in the sediment of 

oji river followed the trend: Fe >Pb >Cd >Mn >Co >Hg >Se >Zn >As >Mo >Cr >Cu >Ni 

(Figure 4.48). 

 

 

 

 

 

 

 

 

 

 

Fig. 4.48: Total metal in sediment of Oji River 
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Fig. 4.49: Percentage bio-availability of metals in the sediment of Oji-River 

 

The results of the percentage bio-availability of metals in the sediment of Oji river 

(Figure 4.49), revealed that lead (Pb) had the highest bio-availability value of 45%. This 

was followed by molybdenum 32%, cadmium 30%, nickel 26%, cobalt 25.5% and 

chromium 23.5%. The other metals iron, manganese, zinc, chromium, arsenic and 

selenium had bio-availability range between 3.91% and 18.72%. The percentage bio-

availability value of mercury was below detectable limit of the instrument. Also the 

percentage bio-availability of metals in the sediment of Oji river followed the trend: lead 

>molybdenum >cadmium >nickel >cobalt >copper >manganese >arsenic >zinc 

>chromium >iron >selenium >mercury (Figure 4.49). The results showed that Iron with 

the highest extractable value in the sediment had low percentage bioavailability which is 

not harmful, since iron is not toxic at low concentration. Also mercury with high level of 

concentration in the residual phase was below detectable level in bio-available phase, 

therefore less harmful. Pb, Mo and Cd were the possible toxicity threat to the 

environment considering their level of bio-availability. The rest of the metals Mn, Zn, Cr, 

As, Se, Cu, Co. were less harmful since their bio-available fractions were below the 

threshold effect concentration. 
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4.1.11 Heavy Metal Concentration in Oji-River Water Samples 

Table 4.26 is the result of mean heavy metal concentrations in Oji river water East of the 

coal ash dumpsite.The samples were collected at five different strategic locations. 

Table 4.26; Concentration of metals (ppm) in Oji- River water samples at different 

sampling points (1, 2, 3, 4 and 5) 

 

 

 

 

 

 

 

Metals  1 2 3 4 5 Total Mean 

Fe 0.149 1.238 0.290 0.373 0.329 2.379 0.476 

Mn 0.295 0.149 0.158 0.140 0.336 1.078 0.216 

Ni 0.013 0.053 0.040 0.044 0.072 0.222 0.044 

Pb 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Cd 0.00 0.00 0.00 0.00 0.09 0.09 0.018 

Co 0.020 0.024 0.056 0.012 0.060 0.172 0.034 

Zn 0.019 0.007 0.019 0.008 0.026 0.079 0.016 

Cr 0.009 0.060 0.00 0.029 0.00 0.098 0.020 

Cu 0.024 0.00 0.00 0.00 0.00 0.000 0.000 

As 0.521 1.911 1.092 1.033 0.606 5.163 1.033 

Mo 2.166 1.173 1.415 1.011 0.109 5.874 1.175 

Se 2.542 1.25 2.25 2.025 1.604 9.669 1.934 

Hg 0.030 0.007 0.008 0.019 0.009 0.073 0.0146 
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      Fig. 4.50: Mean concentration of metals (ppm) in Oji-River water samples 

Mercury concentrations ranged between 0.007ppm and 0.030ppm in the five sampling 

points of Oji River water. The total available Hg was 0.073ppm, while the mean mercury 

concentration in the study area is 0.015ppm. (Table 4.26, Figure 4.50). 

Manganese concentration in the water of Oji River East of the coal ash dumpsite ranged 

between 0.140ppm to 0.336ppm in the five sampling points. The total extractable Mn in 

the water is 1.078ppm, mean while the mean manganese concentration is 0.216ppm 

(Table 4.26, Figure 4.50). 

Cadimium concentration was below detectable limit in sampling points, (1-4) along the 

Oji River water. However concentration of 0.09ppm was obtained in sampling point 5 

(Table 4.26, Figure 4.50).  

Fe concentration ranged between 0.149ppm to 1.238ppm in the 5 sampling points. The 

total extractable iron was 2.379ppm, while the mean of Fe concentration in the five 

sampling points is 0.476ppm (Table 4.26, Figure 4.50).   
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Zn concentration ranged between 0.007ppm to 0.026ppm in the five sampling points, 

with a total extractable zinc of 0.079ppm. The mean concentration of zinc in the study 

area is 0.016ppm (Table 4.26, Figure 4.50). 

Chromium concentration ranged between 0.009ppm to 0.060ppm in the five sampling 

points of Oji river water East of the dumpsite. The total mean concentration of Cr in the 

water sample is 0.020ppm (Table 4.26, Figure 4.50). 

Nickel concentration ranged between 0.013ppm to 0.072ppm in the five sampling points 

of the Oji River water East of the coal ash dumpsite. Mean of the total Nickel 

concentration in the water samples was 0.044ppm (Table 4.26, Figure 4.50).  

Selenium concentration ranged between 1.25ppm to 2.542ppm in the five sampling 

points of the Oji River water. The total mean concentration of selenium is 1.934ppm 

(Table 4.26, Figure 4.50). 

Arsenic concentration ranged between 0.521ppm to 1.911ppm in the five sampling points 

along Oji River water East of the coal ash dumpsite. Copper concentration was below 

detectable limit in sampling points two to 5. However a concentration of 0.024ppm was 

obtained in sampling point one. Molybdenum concentration ranged from 0.109ppm to 

2.166ppm in the five sampling points. The total mean concentration of Mo is 1.175 

ppm.Cobalt concentration ranged between 0.012ppm in point four to 0.060ppm in point 

five along the Oji river water East of the coal ash dumpsite (Table 4.26). 

Concentration of lead in Oji river water samples were below detectable limit of the 

instrument. The availability of the heavy metals in Oji river water were in the order of; Se 

> Mo > As > Fe >Mn > Ni > Co > Cr > Cd > Zn > Cu = Pb (Figure 4.50). It was 

observed that the concentration of metals were more significant in the sampling points 2, 

3 and 4 for those metals with reasonable concentration levels.  
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4.1.12  Heavy Metals Concentration in Ground Water Sources 

Table 4.27 is the results of heavy metal concentration (ppm) in underground water 

sources around the study area and the control. 

Table 4.27:  Heavy metal concentration (ppm) at different locations 

 

 

 

 

 

 

 

BDL = Below detectable limit 

Table 4.27 is the results of heavy metal concentration (ppm) in underground water 

sources around the study area and the control 

Cobalt concentration ranged between 0.004ppm recorded in the borehole of salvation 

army hospital and 0.025ppm recorded in the borehole at the PHCN staff quarters. The 

concentration of Co in the water samples of PHCN staff training institute and Oji 

wonderful were below detection limit of the instrument (Table 4.27). 

Cadmium concentration in the four borehole water samples (Table 4.27), ranged between 

0.048ppm obtained in PHCN staff quarters and 0.062ppm obtained in salvation army 

hospital borehole water sample. The concentration of cadmium in the PHCH training 

institute borehole and Oji wonderful waters were below detectable limit of the 

instrument.  

Metals PHCN Staff  

Quarters 

PHCN Staff  

Training Institute 

Oji Wonderful Salvation Army 

Hospital 

Fe 9.71 5.17 9.98 0.81 

Mn 1.61 1.66 0.93 0.07 

Ni 0.01 0.01 BDL BDL 

Pb BDL BDL BDL BDL 

Cd 0.05 BDL BDL 0.06 

Co 0.03 BDL BDL 0.01 

Zn 0.03 BDL 0.08 BDL 

Cr 0.64 0.35 0.14 BDL 

Cu BDL BDL BDL BDL 

As 1.06 1.19 BDL 0.01 

Mo 0.50 0.30 0.33 0.06 

Se 1.57 1.27 0.22 0.05 

Hg 0.01 0.01 0.06 0.01 
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Zinc concentration in the water samples from the boreholes studied ranged from 

0.027ppm obtained in PHCN staff quarters to 0.081ppm recorded in the water samples of 

Oji wonderful water borehole . The results of  the water analysis of PHCN staff training 

institute and salvation army hospital borehole were below detectable limit of instrument 

(Table 4.27). Lead (Pb) concentration in all the four borehole waters were below 

detectable limit of the instrument. 

Ni concentration was  0.01ppm recorded in the  analysis of PHCN staff quarters borehole 

and PHCN training institute borehole. The results obtained from the analysis of Oji 

wonderful borehole and salvation  army hospital borehole were below detectable limit of 

the instrument (Table 4.27). 

The concentration of iron (Fe) in the four boreholes studied were 9.982ppm recorded in 

Oji wonderful bore hole, 9.713ppm recorded in PHCN staff quarters, 5.174ppm in PHCN 

staff training institute and 0.814ppm in salvation army hospital borehole (Table 4.27). 

The trend for the concentration levels were in the following order: Oji wonderful 

borehole > staff quarters > staff training institute > salvation army hospital.. 

The results of analysis for manganese in the water samples from the boreholes (Table 

4.27) showed the following trend : PHCN Staff training institute > PHCN Staff quarters > 

Oji wonderful > Salvation Army hospital. 

Results of water sample analysis in Table 4.27 also showed that Chromium concentration 

in the PHCN staff quarters borehole water sample was 0.641ppm, PHCN staff training 

institute borehole has a concentration of 0.035ppm, while the Oji wonderful borehole 

water was 0.143ppm concentration. Chromium concentration in salvation army hospital 

borehole water sample was below the detection limit of the instrument. 

Arsenic concentration was 1.058ppm in PHCN staff quarters water sample, 1.185ppm in 

PHCN staff training institute borehole water sample, 0.004ppm in the salvation army 

hospital bore hole water sample. The concentration of Arsenic was below detection limit 
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of the instrument in the borehole water sample of Oji wonderful borehole water (Table 

4.27). 

The results of the molybdenum concentration in the bore holes studied showed that 

0.501ppm was obtained in PHCN staff quarters, 0.300ppm in PHCN staff training 

institute, 0.333ppm in Oji wonderful and 0.063ppm in salvation army hospital (Table 

4.27). 

Selenium concentration in the borehole water samples showed that 1.570ppm was 

obtained in PHCN staff quarters, 1.273ppm in PHCN staff training institute, 0.222ppm in 

Oji wonderful and 0.05ppm in salvation army hospital (Table 4.27). The trends of the 

available selenium in the boreholes follow the order: PHCN staff quarter > PHCN staff 

training institute > Oji wonderful > Salvation army. 

Mercury concentration was low in all the bore holes. The results in Table 4.27 showed 

that the highest level of concentration of 0.060ppm was obtained in Oji wonderful while 

the least concentration of 0.001ppm was obtained in salvation army. PHCN staff quarters 

and training institute had the same concentration of 0.006ppm.The overall trend for Hg 

concentration in the sampled bore holes showed the following order; Oji wonderful > 

PHCN staff quarters = PHCN training institute > salvation army hospital (Table 4.27) .  

The concentration of copper (Cu) was below detectable limit of the instrument in the 

water samples of the studied boreholes.  

The summary of the overall results was that the metals Fe, Mn, Cd, As, Mo, Se were 

possible toxic threats in the drinking water sources. These metals exceeded the WHO 

standard limit in some of the underground water sources especially those nearer to the 

coal ash dump (PHCN Training institute and PHCN Staff quarters). 
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4.2 Results of Health Risk Assessment 

4.2.1 Non-Carcinogenic Risk of Heavy Metals for Adults and Children 

Non carcinogenic risk for adults and children were calculated based on RfD values as 

presented in Table 3.3 and ADI values in Table 4.28. These results for the ingestion, 

inhalation and dermal pathways are all presented in terms of HQs as shown in Table 4.29 

and Figure 4.51 

Table 4.28 is the result of Average daily intake (ADI) values in mg/kg/day for adults and 

children in soil from the study area for non-carcinogenic risk calculations. 

 

Table 4.28: Average daily intake (ADI) values in mg/kg/day for adults and children 

in the soil for non-carcinogenic risk calculations. 

 ADULT CHILDREN 

Metals Ingestion Inhalation Dermal Total Ingestion  Inhalation  Dermal  Total  

Fe 6.85E-04 1.06E-07 1.70E-04 8.55E-04 6.39E-03 2.46E-07 8.19E-04 7.21E-03 

Mn 1.28E-04 1.97E-08 3.17E-05 1.60E-04 1.20E-03 4.60E-08 1.53E-04 1.35E-03 

Ni 7.04E-06 1.08E-09 1.74E-06 8.78E-06 6.57E-05 2.53E-09 8.42E-06 7.41E-05 

Pb 3.95E-04 6.08E-08 9.78E-05 4.93E-04 3.69E-03 1.42E-07 4.72E-04 4.16E-03 

Cd 2.48E-05 3.80E-09 6.11E-06 3.09E-05 2.30E-04 8.86E-09 2.95E-05 2.60E-04 

Co 3.37E-05 5.19E-09 8.36E-06 4.21E-05 3.15E-04 1.21E-08 4.03E-05 3.55E-04 

Zn 5.21E-05 8.02E-09 1.29E-05 6.50E-05 4.87E-04 1.87E-08 6.23E-05 5.49E-04 

Cr 7.11E-06 1.09E-09 1.76E-06 8.87E-06 3.16E-05 2.55E-09 8.50E-06 4.01E-05 

Cu 6.86E-06 1.06E-09 1.70E-06 8.56E-06 6.41E-05 2.46E-09 8.21E-06 7.23E-05 

As 4.57E-04 7.02E-08 1.13E-04 5.70E-04 4.26E-03 1.64E-07 5.46E-04 4.81E-03 

Mo 3.81E-05 5.86E-09 9.44E-06 4.76E-05 3.56E-04 1.37E-08 4.56E-05 4.02E-04 

Se 1.29E-04 1.98E-08 3.19E-05 1.61E-04 1.20E-03 4.62E-08 1.54E-04 1.35E-03   

Hg 1.30E-06 2.00E-10 2.88E-07 1.58E-06 1.22E-05 4.67E-10 1.56E-06 1.38E-05 
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Table 4.29 is the result of the calculated Hazard quotient (HQ) and Hazard index (HI) 

values for heavy metals in adults and children for soil from the study area 

 

 

Table 4.29: Hazard quotient (HQ) and Hazard index (HI) values for heavy metals in 

adults and children for soil from the study area 

 ADULT CHILDREN 

Metals 

HQ 

(Ing) 

HQ 

(Inh) 

HQ 

(Derm) HI 

HQ 

(Ing) HQ (Inh) 

HQ 

(Derm) HI 

Fe NA NA NA NA NA NA NA NA 

Mn 5.33E-03 1.38E-05 1.32E-03 6.66E-03 0.06 1.34E-03 6.38E-03 0.068 

Ni 3.52E-04 NA 8.7E-05 4.39E-04 3.29E-03 NA 4.21E-04 3.711E-03 

Pb 1.10E-01 NA 2.72E-02 0.14 1.03 NA 1.31E-01 1.161 

Cd 4.96E-02 NA 1.22E-02 6.18E-02 0.46 NA 5.90E-02 0.519 

Co 3.37E-03 1.82E-04 8.36E-04 4.39E-03 5.15E-02 4.23E-04 4.03E-03 0.056 

Zn 1.74E-04 NA 4.30E-05 2.17E-04 1.62E-03 NA 2.08E-04 1.83E-03 

Cr 4.74E-06 NA 1.17E-06 5.91E-06 2.11E-05 NA 5.67E-06 2.68E-05 

Cu 1.85E-04 NA 4.60E-05 2.31E-04 1.73E-03 NA 2.22E-04 1.95E-03 

As 1.52 NA 3.77E-01 1.89 14.2 NA 1.82 16.02 

Mo NA NA NA NA NA NA NA NA 

Se NA NA NA NA NA NA NA NA 

Hg 4.33E-03 2.33E-06 9.60E-04 4.39E-03 4.07E-02 5.43E-06 5.20E-03 4.59E-02 
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Fig. 4.51: Hazard quotient (HQ) and Hazard index (HI) values for heavy metals in adults 

and children for soil from the study area. 

 

When HQ and HI values are less than 1, there is no obvious risk to the population, but if 

these values exceed one, there may be concern for potential non-carcinogenic effects 

(USEPA 2004). For the adult population, calculated values of HQ and HI values were 

more than one in ingestion pathway mainly driven by As giving a total HI of 2.12 for all 

the pathways. This meant that the adult population was at risk of non-carcinogenic 

effects. For children, the ingestion and dermal pathways had HQ and HI values greater 

than 1 mainly driven by Pb and As giving a total HI of 17.88 for all the pathways. This 

high value indicated heavy metal pollution that may pose a very high non cancer health 

risk to children living around the study area. The results also indicated that, in both adults 

and children, the ingestion pathway contributed the greatest value to non-carcinogenic 

risk followed by the dermal pathway. Inhalation is the least contributor to the risk. 
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4.2.2 Carcinogenic Risk Assessment of Heavy Metals for Adults and Children 

The excess lifetime cancer risks for adults and children are calculated separately from the 

average contribution of the individual heavy metals in soil for all the pathways using 

Equations (6) and (7). Based on the carcinogenic risk values of the calculated ADI values 

presented in Table 4.30, the results of the excess lifetime cancer risks are presented in 

Figure 4.56. 

Figure 4.56 Cancer risk values of heavy metals for adults and children in soil from study 

area. 

 

Table 4.30: Average daily intake (ADI) values in mg/kg/day for adults in soil from 

the study area for carcinogenic risk calculations 

 ADULT CHILDREN 

Metals Ingestion Inhalation Dermal Total Ingestion  Inhalation  Dermal  Total  

Fe 5.48E-04 4.51E-08 7.27E-05 6.21E-04 5.48E-04 2.11E-08 7.02E-05 6.18E-04 

Mn 1.03E-04 8.45E-09 1.36E-05 1.17E-04 1.03E-04 3.94E-09 1.31E-05 1.16E-04 

Ni 5.63E-06 4.64E-10 7.47E-07 7.38E-06 5.63E-06 2.17E-10 7.22E-07 6.35E-06 

Pb 3.16E-04 2.61E-08 4.19E-05 3.16E-04 3.16E-04 1.22E-06 4.05E-05 3.58E-04 

Cd 1.97E-05 1.63E-09 2.62E-06 2.23E-05 1.97E-05 7.59E-10 2.53E-06 2.22E-05 

Co 2.70E-05 2.23E-09 3.58E-06 3.06E-05 2.70E-05 1.04E-09 3.46E-06 3.05E-05 

Zn 4.17E-05 3.44E-09 5.53E-06 4.72E-05 4.17E-05 1.60E-09 5.34E-06 4.70E-05 

Cr 5.69E-06 4.69E-10 7.55E-07 6.45E-06 5.69E-06 2.19E-10 7.29E-07 6.42E-06 

Cu 5.49E-06 4.53E-10 7.28E-07 6.22E-06 5.49E-06 2.11E-10 7.03E-07 6.19E-06 

As 3.65E-04 3.01E-08 4.85E-05 4.14E-04 3.65E-04 1.41E-08 4.68E-05 4.12E-04 

Mo 3.05E-05 2.51E-09 4.04E-06 3.45E-05 3.05E-05 1.17E-09 3.90E-06 3.44E-05 

Se 1.03E-04 8.48E-09 1.37E-05 1.17E-04 1.03E-04 3.96E-09 1.32E-05 1.16E-04 

Hg 5.58E-07 8.58E-11 1.38E-07 5.58E-07 1.04E-06 4.00E-11 1.33E-07 1.17E-06 
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Table 4.31: Cancer risk values of heavy metals for adults and children in soil from 

the study areas 

 ADULT CHILDREN 

Metals Ingestion Inhalation Dermal Total Ingestion  Inhalation  Dermal  Total  

Fe NA NA NA NA NA NA NA NA 

Mn NA NA NA NA NA NA NA NA 

Ni NA NA NA NA NA NA NA NA 

Pb 2.69E-06 1.10E-09 NA 2.69E-06 2.69E-06 5.12E-08 NA 2.74E-06 

Cd NA 1.03E-08 NA 1.03E-08 NA 4.78E-09 NA 4.78E-09 

Co NA 2.19E-08 NA 2.19E-08 NA 1.02E-08 NA 1.02E-08 

Zn NA NA NA  NA NA NA  

Cr 2.85E-06 1.92E-08 NA 2.87E-06 2.85E-06 8.89E-09 NA 2.86E-06 

Cu - - NA  NA NA NA NA 

As 5.48E-04 4.52E-08 7.30E-04 5.48E-04 5.48E-04 2.12E-07 7.02E-05 6.18E-04 

Mo NA NA NA  NA NA NA  

Se NA NA NA  NA NA NA  

Hg NA NA NA  NA NA NA  

CR  5.54E-04  6.22E-04 

 

 

 

 

 

 

 

 

 

 

Fig. 4.52: Cancer risk values of heavy metals for adults and children in soil from the  

                   study areas 
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The carcinogenic risk was calculated based on As, Pb, Cd, Cr and Co.  As, Cr and Pb 

were found to be the highest contributors to the cancer risk. The US Environmental 

Protection Agency considers acceptable for regulatory purposes a cancer risk in the range 

of 1 × 10
−6

 to 1 × 10
−4

 (USEPA, 2004). The cancer risk for adults was found to be 5.54 × 

10
−4 

(Table4.31 and Fig. 4.56), while the children cancer risk was found to be 6.22 × 

10
−4

, which were both higher than acceptable values. In the study area, children are 

therefore more at risk than adults. The ingestion route seems to be the major contributor 

to excess lifetime cancer risk followed by the dermal pathway. 

 

4.3 Statistical Analysis 

4.3.1 Statistical Analysis for Soil Samples 

The results of the heavy metal analysis were accessed statistically using the univariate 

analysis of variance (ANOVA) to compare the concentration of different metals and their 

fractions at different axis of the study area. 

In the East axis, the analysis of variance for metals showed a significant difference since 

the p-value of 0.00 is less than 0.05 (Appendix 1). Since the metals showed significant 

differences, a pair wise multiple comparison test was carried out using the method of 

least square difference. From the summary of the pair wise multiple comparison tests, Fe 

is most significant and prominent than others. The remaining eleven detectable metals; 

Mn, Ni, Pb, Cd, Co, Zn, Cr, Cu, As, Mo and Se had no significant difference at the 0.05 

level with each other.  

ANOVA results also revealed that the heavy metal concentration at different fractions 

(F1, F2, F3, F4, F5) had significant difference, since the p-value of 0.038 is less than 

0.05, hence the need for multiple pair wise comparison test. From the summary of the 

comparison test F5 is most significant and dominant. It was observed that there was no 

significant difference between F5 and F3 or between F3 and the other fractions F1, F2 

and F4. 
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Also the three phases had no significant difference with each other, meaning that they 

have similar concentration effects. Similar results were obtained in the west, north and 

south axis of the study area (Appendices 2-4). The only difference between the east axis 

and the other three was that mercury was not detected in the east axis contrary to the 

other three axis. The overall ANOVA results showed that the bio-available fractions were 

mostly lower than the residual fractions and had the same source which may be attributed 

to coal ash dump. 

The effects of the heavy metal concentrations in each axis of the study area were 

accessed statistically using the Pearson correlation analysis. The results revealed that the 

correlation of iron in the east axis and the other three axis were positively significant at 

the 0.01p-value (Appendix V). The result showed that the source of iron was the same in 

the entire axis and were attributed partly to coal ash dump. 

The statistical analysis using Pearson correlation showed a positive significant difference 

at the p-value of 0.01, between the Mn concentration in the east axis and all the three 

other axis of the study area (Appendix VI). The result showed that the source of 

manganese was the same in the entire axis and were not completely linked to coal ash 

dump. 

The correlation was positively significant between the Nickel concentration in the east 

and the other three axis at the 0.01and 0.05 p-values respectively (Appendix VII). 

Meanwhile the correlation was significantly different at the 0.05 level between the nickel 

concentration in the west with north and south axis. Also the correlation between the 

north and south axis was positive but not significant since the p-value of 0.125 is greater 

than 0.05. The correlation was the same in the entire axis and the source were partly 

attributed to coal ash dump. 

Correlation of lead (Pb) concentration in the east axis showed a positive significant 

difference at the p-value of 0.01 and 0.05 with the lead concentration in the west and 

north axis respectively (Appendix viii). Meanwhile the relationship with the south was  

not significant, but it was positive with correlation value of 0.771. Also the correlation of 
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the lead concentration in the west with the north and south axis were positively 

significant at the 0.05 level. Although, the correlation between the Lead concentration in 

the north axis and the south axis was not significant, but it had a positive correlation 

value of 773. The result inferred that the correlation was the same in all the axis and the 

source were attributed to coal ash dump. 

The result of the correlation between the cadmium concentration in the east axis with the 

west was not significant, but it was positive with the correlation value of 0.940. 

Meanwhile it was positively significant at the 0.01 level with the Cd concentration in the 

north axis. The relationship with the south axis was not significant, rather it had negative 

correlation value of -.819 . The correlation of cadmium concentration in the west and the 

north axis was not significant, but a correlation value of .928 was observed. Meanwhile 

the relationship with the west and  south, and the north and the south were not significant 

with correlation values of -.954, and -.814 respectively (Appendix IX). The result showed 

that the source of cadmium was basically the same in the entire axis and were mostly 

attributed to coal ash dump. 

 The result of the correlation of cobalt concentration in the east axis with the west and 

north axis were significant since the p-value of 0.00 is less than 0.01(Appendix X). There 

was no significant difference between cobalt concentration in the East axis and the South 

axis, but a correlation value of .734 was observed.Correlation between the cobalt 

concentration in the West and the north axis was significant, since the p-value of 0.001 

was less than 0.01. The result of the correlation between the cobalt in the west and the 

south axis was not significant, but it has a positive correlation value of 699.There was no 

significant difference between the cobalt concentration in the north and south axis but a 

correlation value of .790 was observed. The result inferred that the source of cobalt was 

the same in the four axis and were attributed to coal ash dump. 

 Zinc (Zn) concentration in the east axis had a significant correlation at the 0.01and 0.05 

levels with the zinc concentration in the west, north and south respectively (Appendix 

XI). The result of the correlation of zinc in the west axis had significant difference at the 
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0.01 level with the zinc concentration in the North axis, while the relationship with the 

south had no significant difference since the p-value of 0.111 is greater than 0.05. The 

result inferred that the source of zinc was the same in the four axis and were attributed 

partly to coal ash dump. 

 There was a significant correlation at the 0.01 level, between the chromium 

concentration in the east axis and the other three axis (west, north and south). Similarly, 

the same relationship existed between the west and north, west and south and between 

north and south axis. It therefore means that when the concentration increased in any of 

the axis there will be correspondent increase in the other three axis (Appendix XII). The 

result inferred that the source of chromium was the same in the four axis and were 

attributed partly to coal ash dump. 

Positive correlation at the 0.01 level existed between the copper concentration in the East 

and the other three axis of the study area (Appendix XIII). Similarly the correlation 

between the west and the north, the west and south were significantly positive since the 

p-value of 0.00 is less than 0.01. Also, the relationship between the north and south axis 

had significant difference at 0.01. The result inferred that the source of copper was the 

same in the four axis and were attributed partly to coal ash dump. 

 The result showed that the correlation of the arsenic concentration in the east axis with 

the west axis had no significant difference since the p-value of 0.573 is greater than 0.05 

level (Appendix xiv).The correlation between the east and the north axis was significant 

at 0.05 level, while the relationship between the east and the south was not significant but 

a negative correlation value of -070 was observed. The relationship between the other 

three axes (west, north and south) were not significant though positive correlation values 

of .524, .647 and .334 respectively were observed. The source of arsenic was basically 

the same and may be attributed to coal ash dump, the variation in the north and south may 

be as a result of geographical position. 

 Molybdenum concentration in the east axis had no significant difference with any of the 

other three axis (west, north and south) however, positive correlation values of .110,.196 
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and .115 were observed respectively.Correlation of molybdenum concentration in the 

west axis with the north axis was significant since the p-value of 0.005 is less than 0.01 

(Appendix XV).  Mean while the relationship between the north and the south was not 

significant since the p-value of 0.148 is greater than 0.05.  The source of molybdenum 

was basically the same and may be partly attributed to coal ash dump, the variation in the 

north and south may be as a result of geographical position. 

The result of the correlation of selenium concentration in the east with the west and north 

axis were not significant since the p-values of 0.07 and 0.06 were greater than 0.05 

respectively. The correlation of selenium in the east and the south was significant at the 

0.05 level (Appendix XVI). Selenium concentration in the west axis had positive 

correlation at 0.01 level with the concentration in the north axis. There was also 

significant difference at the 0.05 level between selenium concentration in the West and 

selenium concentration in the South axis. Correlation of Selenium concentration in the 

North and the south axis was significant at the 0.05 level. The source of selenium was the 

same in the four axis and may be partly attributed to coal ash dump. 

The result showed that mercury in the east axis could not be correlated with the mercury 

concentration in the other three axis since the values were below detectable limit of the 

instrument.  However, the correlation was significant at 0.01 level between the mercury 

concentration in the west, north and south axis (Appendix XVII). 

 

4.3.2 Statistical Analysis of Sediment Samples 

The results of sequential analysis of heavy metals in the sediment of oji river were 

subjected to statistical analysis of variance (ANOVA), to compare the concentration of 

different metals and their fractions at different sampling points. 

The analysis of variance showed a significant difference since the p-value of 0.00 is less 

than 0.05. Since the metals showed significant differences, a pair wise multiple 

comparison test was carried out using the method of least square difference. The 
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summary of the pair wise multiple comparisons revealed that iron (Fe) is the most 

significant and prominent than others. The results also showed that lead (Pb) was the 

second most significant and prominent than the rest of the metals. The other metals 

manganese, nickel, cadmium, cobalt, zinc, chromium, copper, arsenic, molybdenum and 

selenium had no significant difference at the 0.05 level with each other (Appendix 

XXXII). The trend was in accordance with the level of contribution from coal ash dump 

and distinguished iron and lead as the most abundant metals in the sediment. 

The results of the analysis of variance also revealed that the heavy metal concentrations 

at different fractions; exchangeable (F1), carbonate (F2) reducible (F3), oxidizable (F4) 

and residual (F5) showed no significant difference since the p-value of 0.053 is greater 

than 0.05 (Appendix XXXI). 

 

4.3.3 Correlation of Bio-Available Metal Fractions in the Sediment of Oji River and 

the Soil of the Study Area 

The bio-available fractions of the sequentially extracted metals from Oji river sediment 

and the soil samples of the study area were subjected to paired samples correlation 

analysis. The result revealed that the correlations of iron, manganese, lead, cobalt, zinc, 

chromium, and copper were significant since their p-values were either less than 0.01 or 

0.05.  The other metals nickel, cadmium, and molybdenum had no significant difference 

but positive correlation values of .300, .610 and .221 were observed. The correlation of 

arsenic in the sediment and the study area was not significant, rather a negative 

correlation value of -.422 was observed (Appendix XXXIII). The metals Fe, Mn, Pb, Co, 

Zn, Cr, Cu with positive correlations may be attributed to coal ash dump. 
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4.3.4 Correlation of Bio-Available Metal Fractions in the Soil and the Mean of the 

Metal Concentrations in the Drinking Water Sources 

The results of the heavy metal analysis from the drinking water sources near the study 

area were subjected to paired samples correlation analysis with the bio-available fractions 

of the metals in the study area. The result revealed that cobalt, and selenium had 

significant and positive correlation with the cobalt and selenium in the bioavailable 

fraction in the soil of the study area since the p-value of 0.000 and 0.033 were less than 

0.01 and 0.05 respectively (Appendices XXXIX and XLV). Other metals; iron, 

manganese, chromium, molybdenum, had positive but non-significant correlations 

(Appendices XXXI, XXXV, XLI and XLIV).  The relationship of cadmium and zinc in 

the study area and the drinking water sources were negatively significant (Appendices 

XXXVIII and XL). The result implied that the level of some metals in the drinking water 

sources were attributed to the coal ash dump. 

 

4.3.5 Correlation  of  Bio-Available  Metal  Fractions  in  the  Soil    and  the  Mean  

Of  The  Metal  Concentrations  in  the  Oji River  Water  Samples 

The results of the heavy metal analysis from the Oji river water sample points were 

subjected to paired samples correlation analysis with the bio-available fractions of the 

metals in the study area. The results revealed that iron, nickel, chromium, arsenic, and 

molybdenum had insignificant positive correlations (Appendices Xlvii, Xlix, Liv,Lvi and 

Lvii). Meanwhile, manganese, cobalt, zinc and selenium had non-significant negative 

correlations (Xlviii, Lii, Liii and Lviii). The result implied that the level of some metals 

in the sediment were attributed to the coal ash dump. 
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4.3.6 Correlation  of  Bio-Available  Metal  Fractions  in  the  Soil and  the  Mean  Of  

The  Metal  Concentrations  in  the Plant  Leaves 

The heavy metal concentrations in each plant leave and bio-available metal fractions in 

the soil samples of the study area were subjected to statistical analysis using Pearson 

correlation method.  

The results revealed that the correlation of iron concentration in Manihot esculenta with 

iron in the bio-available fraction of soil samples in the study area was positively 

significant at 0.01. Also, its correlation with Panicum maximum was significant since the 

p-value of 0.042 was less than 0.05. Its correlation with Abelmoschus esculenta and 

Aspilia Africana were not significant, but a positive correlation value of .993 and .034 

were observed. Mean while the correlation with Zea mays was negative and insignificant.   

Iron concentration in Aspilia africana had a non significant positive correlations with 

Abelmoschus esculenta and the bio-available iron in the soil sample of the study area 

since their p-values of 0.803 and 0.067 are greater than 0.05. Its correlation with Zea 

mays and Panicum maximum were negative and non significant. 

Iron concentration in Zea mays correlated positively and non significantly with the iron 

centration in Panicum maximum since the p-value of 0.494 is greater than 0.05. Its 

correlation with the bioavailable iron concentration in the soil of the study area and 

Abelmoschus esculenta was negative and non significant. The correlation of iron in 

Abelmoschus esculenta with the bioavailable iron in the soil of the study area and 

Panicum maximum was positive but not significant. 

The result also revealed that iron concentration in Panicum maximum had insignificant 

negative correlation with the soil samples of the study area (Appendix LX). The summary 

of this correlation indicated  that the level of iron in the selected plant leaves were partly 

attributed to coal ash dump, as they had positive correlations  with the bio-available iron 

in the soil. 
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The result showed that manganese concentration in Manihot esculenta had a positive 

significant correlation at p-value 0.05 level with Aspilia africana, has positive but non-

significant correlation with panicum maximum and zea mays. The correlation of 

manganese in Manihot esculenta and the soil sample was not significant since the p-value 

of 0.172 is greater than 0.05, the same result was observed with Abelmoschus esculenta 

where the p-value of 0.984 was recorded. Manganese concentration in Aspilia africana 

had postive correlation with zea mays and Panicum maximum but negatively correlated 

with Abelmoschus esculenta and the bio-available fractions in the soil of the study area.  

Concentration of manganese in Abelmoschus esculenta had postive but non-significant 

correlation with Panicum maximum and the bioavailable manganese in the soil of the 

study area since their p-values were greater than 0.05. 

Concentratioin of manganese in Panicum maximum had a non-significant correlation with 

the bioavailable manganese in the soil of the study area since the p-value of 0.169 is 

greater than 0.05 (Appendix Lxi). The results inferred that manganese contents in the 

selected plant leaves were partly attributed to coal ash dump. 

Concentration of nickel in Manihot esculenta leaves had a significant postive correlation 

at 0.05 level with Aspilia africans, non significant positive correlation with Zea mays and 

the bioavailable fractions in the soil of the study area. The results also showed that nickel 

concentration in Manihot esculenta had negative but non-significant correlation with 

Abelmoschus esclenta and Panicum maximum since their p-values of 0.612 and 0.159 are 

greater than 0.05. 

Nickel concentration in Aspilia africana had significant but negative correlation at at p-

value of 0.01 with the concentration of nickel in Zea mays and Panicum maximum, it had 

negative and non significant correlation with Abelmoschus esculenta. Its correlation with 

the bioavailable nickel in the soil samples of the study area was not significant since the 

p-value of 0.842 was greater than 0.05. Concentration of nickel in Zea mays had 

significant but negative correlation at 0.01 level with the concentration of nickel in 

Panicum maximum and the bioavailable fraction in the soil of the study area. Its negative 
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correlation with Abelmoschus esculenta was not significant. Nickel concentration in 

Abelmoschus esculenta had a positive but non significant correlation with Panicum 

maximum and the bioavailable nickel in the the soil of the study area since their p-values 

of 0.431 and 0.451 are greater than 0.05. Mean while concentration of nickel in Panicum 

maximum had significant correlation at 0.01 with the bioavailable nickel in the soil 

samples of the study area (Appendix LXII). The results inferred that nickel contents in 

the selected plant leaves were partly attributed to coal ash dump. Variations among the 

plants may be related to absorption characteristics of each plant. 

Concentration of lead in Manihot esculenta had non-sgnificant negative, correlation with 

the other plants, Aspilia africana, Zea mays, Abelmoschus esculenta and Panicum 

maximum since their p-values are greater than 0.05. It also had a significant, but negative 

correlation at 0.05 level with the bioavailable fractions in the soil. Lead (Pb) in Aspilia 

africana had positive but non significant correlation with the other three plants, Zea 

mays, Abelmoschus esculenta, and Panicum maximum, including the bioavailable lead in 

the soil of the study area.  

Concentration of lead in Zea mays had positive but non-significant correlation with 

Abelmoschus esculenta and the bioavailable fraction in the soil sample of the study area 

since their values of 0.086 and 0.845 are greater than 0.05 . Also it had a negative 

correlation with Panicum maximum. Lead concentration in Abelmoschus esculenta  had a 

non significant negative correlation with Panicum maximum and positive correlation with 

the bioavailable lead in the soil sample of the study area. 

Concentration of lead in Panicum maximum had a non-significant, positive  correlation 

with the bio-available lead in the soil samples of the study area since the p-value of 0.532 

was greater than 0.05 (Appendix LXIII). The overall result indicated that Lead 

accumulations in the selected plant leaves were mostly attributed to coal ash dump. 

Cadmium concentration in Manihot esculenta had significant correlation at 0.01 level 

with the bioavailable cadmium in the soil samples of the study area. Also it had positive 

but non significant correlation with Aspilia africana and Abelmoschus esculenta.The 
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correlation of cadmium concentration in Manihot esculenta with Zea mays and Panicum 

maximum were negative.  Concentration of cadmium in Aspilia africana had a positive  

but non significant correlation with Zea mays and Panicum maximum. Mean while, 

negative correlation exist between Aspilia africana, Abelmoschus esculenta and the 

bioavailable cadmium in the soil samples of the study area. Concentration of cadmium in 

Zea mays had positive but non significant correlation with Panicum maximum and 

negative correlation with Abelmoschus esculenta and the bioavailable cdmium in the soil 

samples of the study area. 

Cadmium concentration in Abelmoschus esculenta has negative correlation with Panicum 

maximum and positive correlation with the soil samples of the study area. Panicum 

maximum had significant, negative correlation with the bioavailable cadmium in the soil 

samples of the study area at p-value of 0.01 (Appendix LXIV).  The result inferred that 

cadmium accumulations in the selected plant leaves were partly attributed to coal ash 

dump since three of the plants had positive correlations with the bio-available Cd in the 

soil of the study area. 

Cobalt concentration in the sampled leaves of Manihot esculenta correlated significantly 

at 0.01 level with the bioavailable fraction of cobalt in the soil samples of the study area 

and Abelmoschus esculenta. It had negative correlation with Aspilia africana and 

positive, but non-significant correlation with Zea mays.  Cobalt concentration in Aspilia 

african had negative correlation with Zea mays, Abelmoschus esculenta and the 

bioavailable fractions in the soil samples of the study area. 

In Zea mays, cobalt concentration correlated negatively and non-significantly with 

Abelmoschus esculenta and the bioavailable fractions in the study area. Cobalt 

concentration in Abelmoschus esculenta had significant correlation at p-value of 0.01 

level with the bioavailable cobalt in the soil samples of the study area.  Concentration of 

cobalt in the sampled leaves of Panicum maximum had no relationship with any of the 

other plant leaves nor the bioavailable cobalt in the soil samples of the study area 
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(Appendix LXV). The results indicated that the level of cobalt in the selected plant leaves 

may not be attributed mostly to coal ash dump. 

Zinc concentration in Manihot esculenta had positive but non significant correlation with 

the bioavailable fraction of zinc in the soil samples of the study area, since the p-value of 

0.761 is greater than 0.05. Also it had non significant positive correlation with Aspilia 

africana, Abelmoschus esculenta and Panicum maximum. Mean while, the relationship 

with Zea mays is negative and non-significant. In Aspilia africana the zinc concentration 

correlated positively at non significant level with Abelmoschus esculenta, Panicum 

maximum and the bioavailable zinc in the soil samples of the study area. 

In Zea mays zinc concentration had positive but non significant correlation with 

Abelmoschus esculenta, Panicum maximum and the bioavailable zinc in the soil samples 

of the study area. In Abelmoschus esculenta zinc concentration correlated positively and 

non significantly with Panicum maximum and the bioavailable zinc in the soil samples of 

the study area. The concentration of zinc in Panicum maximum has  a negative 

correlation with the bioavailable zinc in the soil samples of the study area (Appendix 

Lxvi). Deduction from the results was that zinc accumulations in the selected plant leaves 

were probably not from coal ash dump. 

There was no statistical correlation associated with chromium concentration in the 

sampled leaves and the bioavailable fractions in the soil samples of the study area 

(Appendix Lxvii). The level of chromium contents in the selected plant leaves were 

probably not from the coal ash dump. 

Correlation of copper concentration in the sampled leaves of Manihot esculenta with that 

of Abelmoschus esculenta and the bioavailable copper in the soil samples of the study 

area were significant at 0. 01 level. Also copper had positive but non significant 

correlation result with Aspilia african, Zea mays and Panicum maximum. Correlation of 

copper concentration in Aspilia africana with Zea mays was positively significant at the 

0.05 level. It had positive and negative correlation with Abelmoschus esculenta and 

Panicum maximum respectively  
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copper concentration in the sampled leaves of Zea mays has negative correlation with 

Abelmoschus esculenta and the bioavailable fraction in the soil samples of the study area.  

Mean while, copper had positive but non significant correlation with Abelmoschus 

eaculenta and Panicum maximum. The correlation of in Abelmoschus esculenta, 

concentration of copper had positive but non significant correlation with the bioavailable 

copper in the soil of the study area. Also the copper concentration in Abelmoschus 

esculenta had negative correlation with Panicum maximum. Correlation of copper 

concentration in Panicum maximum with the bioavailable fraction in the soil samples of 

the study area was negative (Appendix Lxviii). The results showed that the level of 

copper in the selected plant leaves were probably not from coal ash dump. 

In Manihot esculenta arsenic concentration has positive and significant correlation with 

Panicum maximum and the bioavailable arsenic in the soil samples of the study area at 

0.01 level. Also arsenic concentration in Manihot esculenta had significant and negative 

correlation at 0.01 level with the Zea mays and Abelmoschus esculenta respectively. 

In Aspilia africana arsenic concentration had significant and positive correlation  at 0.01 

level with Zea mays and the bioavailable arsenic in the soil samples of the study area. 

Mean while, it had positive and negative correlation with Abelmoschus esculenta and 

Panicum maximum respectively. In zea mays arsenic concentration had positive 

correlation with Abelmoschus esculenta and the bioavailable arsenic in the soil samples 

of the study area. 

In Abelmoschus esculenta arsenic concentration had positive and negative correlation 

with the bioavailable arsenic in the soil sample of the study area and Panicum maximum 

respectively. In Panicum maximum, arsenic concentration correlated negatively with the 

bioavailable arsenic in the soil samples of the study area (Appendix LXIX). The 

deduction from the above results was that arsenic concentrations in the selected plant 

leaves were mostly attributed to coal ash dump.  
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In Manihot esculenta molybdenum concentration correlated positively and significantly 

with Aspilia africana and Abelmoschus esculenta at 0.01 level. The correlation with the 

bioavailable molybdenum in the soil samples of the study area was insignificantly 

positive. Meanwhile molybdenum had negative correlation with molybdenum 

concentration in Panicum maximum. The deduction from the above results was that 

arsenic concentrations in the selected plant leaves were mostly attributed to coal ash 

dump. 

In Aspilia africana molybdenum concentration has a positive and a negative significant 

correlation with the bioavailable molybdenum in the soil samples of the study area and 

Panicum maximum respectively. In Zea mays the concentration of molybdenum was 

positively and significantly correlated with the molybdenum concentration in 

Abelmoschus esculenta and Panicum maximum. It had no correlation with the 

bioavailable fraction in the soil samples of the study area. 

In Abelmoschus esculenta molybdenum concentration correlated positively and 

significantly with the bioavailable fraction in the soil samples of the study area at 0.01 

level. Also it had negative correlation with Panicum maximum. 

In Panicum maximum, molybdenum concentration was negatively and significantly 

correlated with the bioavailable molybdenum in the soil samples of the study area at 0.05 

level (Appendix LXX). The results indicated that the levels of molybdenum in the 

selected plant leaves were partly attributed to coal ash dump. 

Correlation of selenium concentration in the sampled leaves of Manihot esculenta with 

Panicum maximum was significant and at the 0.05 level. Also positive but non significant 

correlation was observed between the concentration of selenium in Manihot  esculenta 

and Aspilia africana, Zea mays and Abelmoschus esculenta. However negative 

correlation exist between the selenium concentration in Manihot esculenta and the 

bioavailable selenium in the soil samples of the study area. 
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In Aspilia africana selenium concentration had significant but negative correlation with 

the bioavailable selenium in the soil samples of the study area at 0.01 level. It eqaully had 

positive but non significant correlation with Se in Abelmoschus  esculenta and Panicum 

maximum.  Its correlation with Zea mays was negative. 

In Zea mays selenium concentration had positive and non significant correlation with 

Abelmoschus esculenta, panicum maximum and the bioavailable selenium in the soil 

samples of the study area. Selenium concentration in Abelmoschus esculenta had a 

positive but non-significant correlation with Panicum maximum and negative correlation 

with the bioavailable selenium in the soil samples of the study area since the p-value of 

0.620 is greater than 0.05. In Panicum maximum the concentration of selenium had a 

negative correlation with the bioavailable selenium in the soil samples of the study area 

(Appendix LXXI). The results indicated that accumulation of selenium in the five 

selected plant leaves were probably not from the coal ash dump. 

Mercury concentration in the sampled leaves had no statistical correlationship with the 

bioavailable mercury in the soil samples of the study area (Appendix LXXII). The level 

of mercury contents in the selected plant leaves were probably not from the coal ash 

dump. 

 

4.4 Detailed Results/Discussion 

The heavy metals Fe, Mn, Ni, Pb, Cd, Co, Zn, Cr, Cu, As, Mo, Se, Hg analysed  were 

present in all the samples from different axis of the study area with some variations. The 

environmental components investigated for heavy metals include, soil, surface water (Oji 

river water), ground water sources, sediment of Oji River and selected plant leaves. 

4.4.1 Soil 

The mean total and bioavailable Fe concentration in the soil samples were below the 

USEPA maximum permissible limit of 5500mg/kg for agricultural soils. This result of 
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the mean Fe concentration is similar to the one reported by Ruqia et al., (2015). The 

ANOVA results revealed that residual fraction (F5) is more significant and dorminant 

than carbonate and oxidizable fractions, though F5 is dorminant over F3 (reducible) 

fraction, but the relationship was not significant (appendices ii-iv). The results also 

showed that non-residual fractions constituted over 50% of the available Fe (Fig. 4.9). 

This level of iron in the study area may be related to the composition of the parent soil 

material and the impact of the coal ash deposits. The results revealed that the 

concentration of Fe in the study area is higher than the  control area. The solubilty and 

mobility of Fe is affected by hydrolysis, complexation and pH (Kabata and Pendias, 

1992). Iron (Fe) is essential for all organisms, it is a co-factor in enzymes and heme 

protein, and is involved in photosynthesis and nitrogen fixation. High level of Iron 

concentration is found in residual and non residual fractions,  but they were still within 

the USEPA permissible range.  

 Mean extractable managanese is above the maximum permissible limit of 300mg/kg, 

(USEPA, 1996), but the bioavailable fraction was below the permissible limit (Table 4.6). 

Similar results were reported by Obasi et al., (2012). The high percentage of Mn in the 

residual fraction may be attributed to the soil parent material as well as the pH condition. 

Though  total Mn was above the permissible limit, but the percentage bioavailable 

fractions and other non residual fractions were 5.68% and 37% respectively, this means 

that the non residual fraction was below 50% of the extractable managanese in the study 

area. Since only few managanese may be available for plants up take, there may not be 

Mn toxicity threat to the soil environment. The result also revealed that managanese 

accumulate more in the surface between 5cm – 25cm under the ground in accordance 

with the report of kabata and pendias, 1992. Managanese is essential for production of 

oxygen in plant chloroplasts, it is also essential in the human diet.  

The results in Table 4.6, and Fig. 4.9 revealed that both the mean total and bioavailable 

Ni were below the maximum permissible range of 20 – 60 mg/kg for agricultural soils 

(Kabata and Pendias, 2001). ANOVA result revealed that residual fraction (F5) was more 
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prominent than other fractions, as the non residual fraction was just 18% of the 

extractable nickel(appendices II-IV). However, the result did not agree with that of 

Haluschak et al (1998), who reported that most available nickel in the soil may be that 

associated with Fe and Mn oxides. Since the residual fraction is not easily soluble, only 

few Ni may be available for plant uptake. The correlation of the axis was positive and 

significant, which implied that the origin of nickel in the study area was the same. Also, 

the correlation with the control sample results showed that Nickel concentration was 

more on the surface of the soil and decreases down. The implication is that certain 

amount of nickel might have been introduced into the study area by anthropogenic 

activities. Nickel bioavailablity decreases as soil pH increases, nickel is required by 

animals and it may also be essential for human health (Mograth and Simth, 1990). The 

available Ni may not pose any danger in the study area, since the bio-available fractions 

were far below the permissible limit. 

Mean extractable lead (Pb) in the soil of the study area was above the USEPA, 1986 set 

limit of 30 – 300mg /kg, while the mobile fractions were within the set limit. Results also 

revealed that more than 50% of the lead was found in the non- residual fractions. 37.44% 

of the total lead concentraction is associated with the mobile phase (Table 4.6). The 

ANOVA results revealed the dorminance of the acid soluble fraction followed closely 

with the reducible and organic phases, though the relationship were not 

significant(Appendices II-IV). The high level of mobile phase and other non – residual 

fractions may be related largely to the impact of coal ash deposit and the composition of 

the parent soil materials. Similar results were reported by Obasi et al (2012). The 

correlation of results from the four axis was positive and significant, showing that the 

source of lead in the study area was the same. Naturally lead is the least mobile of the 

heavy metals (Kabata and Pendias, 1992) and it accumulates more on the surface of soil 

which is in agreement with result of our depth profile analysis (Fig. 4.27). Lead is most 

available under acid condition and it is non essential element to all living things. The high 

level concentration of lead in the mobile phase and other non residual fractions means 
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that more lead may be available for plants uptake, thereby posing toxicity danger to the 

environment through food chain.        

 Mean extractable and bioavailable cadmium were above the 3mg/kg USEPA set limit 

1986 and 5mg/kg set limit by some European communities (Kabata and Pendias 2001). 

Similar results were obtained by Obasi et al (2012). Over 50% of the extractable Cd is 

associated with the non- residual fraction, while the bioavailable fractions contributed 

35.39% of the available cadmium (Table 4.6 and Fig. 4.9). The ANOVA results also 

revealed a positive non-significant relationship among all the fractions (Appendices ii-

iv). Correlation of the results among the four axis in appendix ix were positvely 

significant, which implied that cadmium has the same source in the study area. There is 

no known biological function related to cadmium. It can rapidily accumulate in live stock 

and other animals, partcularly in kidney, it is a potential hazard for human consumption 

(CCRM, 1995). The high level of cadmium in the non-residual fractions means that more 

Cd may be available for plants uptake. Moreso, the level of Cd in the soil of the study 

area may be largely attributed to the impact of  coal ash deposit and the composition of 

the soil parent materials.  

 Mean extractable cobalt is above the maximum allowable concentration of 50mg/kg 

recorded by Kabata-Pendias and Pendias (2001). However the bioavailable fraction 

which consituted  14.32% of the total cobalt figure 4.23 is below the set limit. The result 

also revealed that non- residual fractions made up 42% of the total cobalt in the study 

area. Similar results were obtained by Andreu (1991). ANOVA result also  revealed that 

the residual fraction was more significant and dorminant over the mobile fractions (Table 

4.6). The correlation of cobalt in the four axis revealed a positive relationship which 

indicated that cobalt concentration in the study area comes from the same source. The 

high level of residual fraction may be related to the composition of the parent soil 

materials, and little input from the coal ash deposit. The lower percentage of the mobile 

phase may imply lesser  risk of cobalt concentration in the study area. However cobalt is 
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essential for plant growth when the concentration is within the allowable limit, it is also 

an essential element for some animals Kabata and Pendias (1992). 

Mean extractable and bioavailable zinc in the study area were below 300mg/kg set limit 

by USEPA, 1986. 40% of the total zinc was associated with the non residual fractions 

(Table 4.6). The dorminace of residual fraction agrees with the ANOVA result which 

revealed that residual fraction is more significant and prominent than other fractions 

(appendices ii-iv). The results of the mobile fraction is similar to the one reported by 

Obasi et al (2012). The high level of residual fraction may be attributed to the 

composition of the parent soil materials, while the mobile phase may be related to the 

impact of coal ash deposit. Since zinc is more soluble in the soil than other metals, it is 

therefore likely that most of the zinc that came with the coal ash might have been 

converted to soluble zinc and taken away through different sources, hence the low mobile 

phase (Kabata and Pendias (1991 ). As long as the mobile phase is below the permissible 

limit, zinc toxicity is not implicated. Mean while zinc is required for several enzymes in 

animals, it is also essential for energy metabolism in humans (Kiekans, 1990). 

Total chromium concentration in the study area is below the maximum allowable 

concentration of 200mg/kg reported by kabata – pendias and pendias (2001) for 

agricultural and domestic soils, and 750mg/kg USEPA set limit. Chromium was mostly 

associated with  the   residual fraction as was shown also in the ANOVA results(Table 

4.6 and appendices II-IV). The mobile phase consituted only about 2.87% of the total 

chromium which is too low to make any meaningful impact in chromium containmation 

or plant uptake in the study area (Fig. 4.23). 

The dorminance of the residual fraction may be related to the composition of the parent 

soil materials. The result  is also in agreement with the report of Kabata-Pendias and 

Pendia (1992), that chromium is resistant to weathering and only slightly soluble under 

very acid condition. Chromium (Cr) is required for removal of excess glucose in mamals 

(Scott, 1972) and deficiences have been found to occur in humans and animals (NRCC, 

1976), while Cr
+6

 is toxic to  both plants and animals (Kabata, 1992). 
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Total and bioavailable copper concentrations in the study area were below the maximum 

permissible limit of 100 – 300mg/kg set limit by USEPA, 1986 for agricultural lands. 

Similar result were reported by Obasi et al (2012) and Obasi et al (2013). The result 

indicated that copper concentration was mostly associated with the residual fraction, 

which is in agreement with the ANOVA results which revealed dorminance of residual 

fraction over other fractions (Table 4.6). Since the bioavailable fraction is just 11.28% of 

the total copper and the concentration of other non residual fractions were low, it means 

that the area is not at risk of copper containination, as less copper will be available for 

plants up take. Copper in soil can be fixed by adsorption, precipitation organic chellation 

and complexation and  basically the solubilty of copper decreases at pH 7 – 8 ( kabata  

and pendias 1992). Copper is necessary in animal nutrition where it plays role in oxidase 

functions (Kabata and Alloway, 1972). In this research the dorminance of residual 

fraction may be related to the composition of parent soil material. 

Total and bioavailable arsenic in this study were above  the maximum allowable 

concentration of  15 – 20mg/kg for agricultural soil, (Kabata and Pendias, 2001). The 

results of mean arsenic level in this study was similar to the one obtained by (Halluschak 

et al (1998). ANOVA results revealed dorminance of mobile phase over residual phase 

(Appendices II-IV). Correlation of results from the axis indicated a positive and 

significant correlation which implied that arsenic concentration in the study area has the 

same source (Appendix XIV). Also the mean arsenic concentration in the study area is 

higher than the control samples. The mobile phase has 44.15% of the total arsenic in the 

study area, while the residual fraction is associated with only 5.53%. the high level 

concentration  of the mobile phase may be related to the impact of coal ash deposit. 

Arsenic minerals and compounds are soluble, but there is limited movement of As in the 

soil because it is adsorbed by hydroxides, clays and organic matter (Kabata  and Pendias, 

1992). Solubilty of arsenic is affected by pH, unlike most trace elements, the inorganic 

forms  of arsenic are more mobile and more toxic than the organic forms (Kabata  and 

Pendias, 1992). Arsenic is a component of most plants, but its biological function, if any, 
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has not been determined, also it is not a requirement for animals or humans. The result 

indicated that the study area is in a high risk of arsenic contamination. 

 Mean extractable molybdenum in the study area was above the maximum allowable 

concentration range of 4-10mg/kg for agricultural soils in some European communities 

(Kabata and Pendias, 2001). Mean while the result revealed that the bioavailable fractions 

were below the  set limit. The result of ANOVA revealed dorminance of the oxidizable 

fraction followed by reducible and the residual fractions (Appendices II-IV). The least 

concentration was associated with the mobile fractions which is 5.22% of the available 

molybdenum in the study area. The results obtained in this study were less than the ones 

obtained by Halluschak 1998, Obasi, 2012 and 2013. More than 50% of the total 

molybdenum was associated with the non – residual fractions which implied that, though, 

the bioavailable fractions were below the set limit, but the area may be prone to 

molybdenum contamination, as high level of molybdenum may be available for plant up 

take when there is slight change in pH condition. The high level of molybdenum in the 

oxidizable and reducible fractions may be related to the composition of parent soil 

material and the impact of coal ash deposit. Hence, the conversion of mobile fractions to 

precipitates, oxides and complexes during aging may be the reason for reduced level of 

the mobile fraction (Kabata and Pendias, 1992). Molybdenum is essential in animal 

nutrition (MCBRIDE, 1994) and can result in copper toxicity if present in deficient 

amounts (Kabata and Alloway, 1972). 

Total selenium concentration in the study area was above the trigger action value of 3 – 

10mg/kg for agricultural soils in some European communities (Kabata and Pendias, 

2001).The result also showed that the bioavailable fractions which contributed only 

10.75% of the total selenium were within the approved range. However other non – 

residual fractions were associated with more than 50% of the total selenium in the study 

area. The correlation of the results from the four axis was positively significant, which 

implied that the source of selenium was the same (Appendix XVI). Elevated selenium 

concentration associated with the oxidizable and residual fractions may be attributed to 
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selenites and selenium sulfides in the composition of the parent soil material and to the 

impact of coal ash deposits. The dorminance of oxidizable and residual fractions means 

that unless there is suden change of pH, their availability for plant, uptake may be limited 

(Kabata and Pendias, 1992). Selenium is essential in human, and can lead to 

cardiomyopathy and tubular bone changes if deficient (Kabata  and Pendias, 1992). Toxic 

levels in humans may lead to malformation in children, miscarriages and dermatitis 

(Marier and Jaworski, 1983).  

 Total mercury concentration in the study area was above maximum allowable 

concentration range of 0.5 – 5mg/kg for agricultural soils in some European communities 

(Kabata  and Pendias 2001). Apart  from the resiual and oxidizable fractions, other 

fractions were below the detectable limit of the instrument.  

The dorminance of the residual fraction may be attributed the composition of the parent 

material and little contribution from the coal ash deposit. Though the total mercury is 

above the set limit but the available mercury for plants uptake may be limited since the 

bioavailable fractions were below detection limit.   

         

4.4.2 Water 

Trace amount of metals are common in water, and normally they are not harmful to our 

health. Infact among the metals and metalliods studied some are essential, to sustain life. 

Cobalt, copper Iron, manganese, molybdenum, selenium and zinc are needed at low 

levels as catalysts for enzyme activities. However, drinking water (surface and ground), 

containing high levels of these essential metals, or toxic metals such as arsenic, cadium, 

chromium, lead, mercury, selenium and nickel may be hazardious to human health and 

the environment (Salen et al., 2000).  

 The concentration of iron (Fe) was higher than 0.3mg/l WHO guidline in all the four 

boreholes sampled (Table 4.27). The least concentration of   0.814ppm was recorded in 

salvation army hospital borehole, this could be as a result of water treatment unit 
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connected to the borehole outlet. The highest concentrations of 9.982 and 9.713 were 

recorded in Oji wonderful and PHCN staff quaters. The two boreholes were within the 

100 meter range to the coal ash deposit and non of them has any formal treatment unit. 

The correlation of the result with bio-available phase of the soil of the study area was 

non-significant and negative at the 0.05 level, which revealed an inverse relationship 

between them (Appendix XXXIV). The high level of iron (Fe) in the borehole water 

especially within the 100 meters range of the study area may be attributed mainly to the 

natural sources and partly to the coal ash deposit of the study area. The result of the 

salvation army bore hole and Oji river water were similar to the result of hospital bore 

hole and bells pool reported by Aneke et al (2013). Also the results of the other three 

bore holes were higher than the results of Mile et al. (2013). Iron is required at trace 

amount by plants, animals, and humans, but at excessive level it could lead to various 

health complications. Meanwhile  the mean iron level in Oji river water was slightly 

above the WHO standard for surface water, the result was similar to the result of bells 

pool reported  by Mile et al. (2013). However, the statistical correlation analysis between 

the Fe in Oji river and the soil of the study area was negative and insignificant. Therefore 

the level of iron in Oji river could not be attributed wholly to that of the soil of the  study 

area, but could be related mainly to some natural phenomenona. 

Manganese (Mn) level in the three boreholes  (PHCN staff quaters, PHCN training and 

Oji wonderful) within the 100m range of the study area were above the WHO standard of 

0.4ppm. but that of the salvation army hospital which is about 500m away from the study 

area was below the WHO standard (Table 4.27). The results were higher than the one 

reported by Aneke et al. (2013). Also the mean level of manganese in Oji river water was 

slightly above the WHO standard for surface water, the correlation of the Mn in the 

boreholes and Oji river water with the soil of the study area was insignificantly negative 

(Appendix XXXV). The levels of manganese in the boreholes and the Oji river water 

may be related to natural source and partly to the impact of coal ash deposit on the  soil 

of the study area. Though humans, and other living things need trace amount of Mn for 
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proper functioning, but it could be toxic at high level which may be, as a result of daily 

dependence on the water. 

 The level of nickel in the boreholes of PHCN staff quaters and training institute were 

below the WHO standard of 0.07mg/l, while that of Oji wonderful and the back ground 

(Salvation Army Hospital) were below the detectable limits of the instrument (Table 

4.27). Also mean level of nickel in Oji river water was below the WHO standard.The 

results were similar to that of  Reddy et al. (2012). The correlation of the boreholes and 

the Oji river with the mobile phase of the soil of the study area were positive but not 

significant(appendix XXXVI). The level of nickel in the sampled waters may be.related 

partly to the impact of the coal ash deposit and the natural sources. 

The level of lead in both the borehole samples and the Oji river water were below the 

detectable limit of the instrument. Though there were high levels of lead in the mobile 

and other non-residual fractions of lead in the soil of the study area, but they may have  

been flushed away over a long period of time or they may have been converted to 

insoluble forms through chemical and physical changes.  

Cadmium concentration in the boreholes of PHCN staff quaters and the Salvation Army 

Hospital (background) slightly exceeded the WHO standard value of 0.003ppm (Table 

4.27). The cadmium level of PHCN training institute and the Oji wonderful were below 

detectable limit of the instrument. Also the concentration of cadmium in Oji river water 

was above the WHO standard for surface water. The results of the salvation army and 

PHCN staff quarters bore holes including Oji river water, were similar to the results 

obtained by  Reddy et al. (2012) in his samples 1,3,5,6,8,9. There was no correlation 

between the cadmium in the borehole water and the Oji river water samples with the 

mobile phase of the soil samples of the study area (appendix XXXVIII). The cadmium 

content of the  borehole and the Oji river water may be attributed to some natural sources. 

Cadmium above the standard level may be hazardous to human health especially on long 

accumulation by those who depend on the water daily.  
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The concentration of cobalt were below the USEPA 1994 standard limit of 1ppm in the 

borehole water of PHCN staff quaters and the salvation  army hospital. In the boreholes 

of PHCN training institute and Oji wonderful the concentration were below the detection 

limit of the instrument (Table 4.27). Meanwhile the concentration of cobalt in Oji river 

was also below the USEPA, 1994 standard limit. The results of the bore holes and Oji 

river water were similar to the results obtained by Reddy et al. (2012), in samples 1,4,8 

and 10. The correlation of cobalt concentration in water boreholes and the Oji river water 

with the mobile phase of the soil samples from the study area were positive but not 

significant (Appendix XXXIX). The level of cobalt in the borehole and Oji river water 

samples may be attributed largely to the impact of coal ash deposit in the study area and 

partly to the natural sources. However, the level of cobalt in the boreholes and Oji river 

water may not pose any risk to human health or the  environment. 

The concentration of zinc in the borehole water of the PHCN staff quaters and Oji 

wonderful slightly exceeded the WHO standard of 0.01 but below the 2ppm standard 

limit set by USEPA, 1994. In the boreholes of PHCN training institute and salvation 

army hospital, zinc concentration was below the detectable limit of the instrument (Table 

4.27). Also, the mean concentration of zinc in Oji river water sample slightly exceeded 

the WHO limit but below the USEPA, 1994 limit (Table 4.26). The results were similar 

to the ones obtained by Aneke et al. (2013). The results revealed a positive but non-

significant correlation between the zinc level in the borehole water samples, Oji river 

water samples and the soil samples of the study area (Appendices XL and LIII). 

Therefore the level of zinc concentration in the boreholes and the Oji river water samples 

may be related to the impact of coal ash deposits in the study area. Zinc is an essential 

element for normal cell functioning of human body including plants, but at excessive 

level could be toxic. The present level of zinc on the borehole and the Oji river water 

sample does not pose any threat to man and the environment.  

The concentration of chromium (Table 4.27) in the sampled borehole waters exceeded 

the WHO guidline of 0.05ppm in PHCN staff quaters, PHCN training institute and Oji 
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wonderful. In salvation army hospital borehole the chromium concentration (Table 4.27) 

was below detectable limit of the instrument, similar results were reported by Mile et al.( 

2013). Meanwhile the mean chromium concentration (Table 4.26, Fig 4.53). in Oji river 

water was below the WHO standard for surface water. It was observed that the 

correlation of the chromium level in the boreholes with chromium in the soil samples of 

the study area was insignificantly negative (Appendix xli). The result of correlation of 

chromium level in Oji river water and the soil sample was positive but not significant 

(Appendix LIV). 

Though the chromium level in the bore water has inverse relationship with chromium in 

the soil sample, there is still reason to attribute the level of chromium in the borehole 

water mostly to the impact of coal ash deposit in the study area since the background 

result was below detectable limit of the instrument used. Chromium is toxic even at trace 

amount, therefore the level of chromium in the three drinking water sources was a threat 

to human health and the environment. 

The copper concentration (Table 4.27) in all the sampled boreholes were below the 

detectable limit of the instrument. The results of Oji river water (Table 4.26, Fig.4.53) 

fell below the WHO standard limit of 2ppm. Similar results were reported by Aneke et al. 

(2013). The result indicated that copper concentration of water sources in the study area 

could not be correlated with the mobile phase of the soil samples of the study area. 

Copper contamination is not expected since the only detectable copper in the surface 

water is far below the permissible limit. 

The level of arsenic (Table 4.27) in the boreholes of PHCN staff quaters and training 

institute far exceeded the WHO standard limit of 0.01ppm. the level in Oji wonderful was 

below detectable limit of the instrument. In the background sample (Salvation Army 

Hospital) borehole, the concentration was below the WHO standard limit. The mean 

arsenic concentration in Oji river water sample (Table 4.26, Fig.4.53) also exceeded the 

WHO standard limit. The result of the correlation of arsenic concentration in the two 

boreholes with the soil samples of the study area was negative but not significant 
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(Appendix XLIII), Also the correlation of the Oji river water and the soil of the study 

area was insignificantly negative (Appendix LVI).This result was similar to the ones 

reported by Reddy et al. (2012), the level of concentration in the two boreholes and the 

Oji river water samples may be attributed partly to the natural sources and partly to the 

impact of coal ash deposit in the study area. Arsenic is toxic even at trace amount 

therefore the level of Arsenic in the two boreholes and the Oji river water was  toxic and 

a threat to the environment and human health. 

The concentration of molybdenum (Table 4.27) in the three sampled boreholes, PHCN 

staff quaters, training institute, and Oji wonderful exceeded the WHO standard limit of 

0.07ppm. The result of the salvation army hospital (background) was below the WHO 

standard limit. Also  the mean molybdenum concentration (Table 4.26, Fig.4.53) in Oji 

river water is above the WHO limit for surface and drinking water. It was observed that 

the result of the correlation of molybdenum concentration in the three boreholes 

including the Oji river water samples were negative and insignificant Appendices XLIV 

and LVII). The  level of molybdenum in the tested samples may be attributed partly to 

the natural sources and the impact of the coal ash deposit of the study area. Though 

molybdenum is an essential element for human body at trace amount but higher level 

could be toxic. The level of molybdenum in the tested samples could be hazardous for 

those who depend on the water regularly.  

Selenium concentration (Table 4.27) in the boreholes of PHCN staff quaters, PHCN 

training institute and Oji wonderful exceeded the WHO standard limit of 0.04ppm. The 

result was higher than the one reported by Reddy et al. (2012). The Salvation Army 

Hospital borehole fell within the WHO standard limit. Also the concentration of selenium 

(Table4.26, Fig. 4.53) in Oji river water sample exceeded the WHO standard limit. The 

result of the  correlation of selenium (Appendices XLV and LVIII) in the three boreholes 

and Oji river with the soil sample of the study area were positive but not significant. The 

elevated level of selenium in the tested samples may be related to the impact of the coal 

ash deposit on the study area and some natural sources. Selenium is essential to normal 
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body functioning at trace amount but at elevated level it could be hazardous to the 

environment and humans, the level of selenium observed in this study was high compared 

to standard limits and could lead to toxicity threat to those who depend on the water from 

these boreholes daily. 

The concentration of mercury (Table 4.27) in the boreholes of PHCN staff quaters and 

PHCN training institute fell within the, WHO standard limit of 0.006ppm, the result of 

mercury in Oji wonderful slightly exceeded the WHO standard limit of 0.006. while 

salvation army hospital (background) borehole was below the standard limit. Also, the 

mercury concentration (Table 4.26) in the Oji river water slightly exceeded the WHO 

standard limit. The results were higher than the one reported by  Reddy et al. (2012). 

However, the non-detection of mercury in the bio-available fractions in the soil of the 

study area means that the results could not be correlated (Appendix XLVI). Although the 

results of mercury in the boreholes could not be correlated with the soil samples, there is 

strong indication that the presence of mercury in the water samples may be attributed 

partly to the coal ash deposit in the study area. Mercury does not play significant role in 

the human body so its presence in food or water is always dangerous as it could lead to 

various health complications.  

 

4.4.3 Sediment 

Previously, sediments and particulate matter have been considered as purely abiotic 

material, but recent researches showed that sediments contain large bacterial population 

and some higher living organisms. The observed metal concentration were placed into 

ecotoxicological context, as obtained results were compared with consensus-based 

sediment quality guidelines (CBSQGS). The CBSQGS values are refered to as the 

threshold effect concentration (TEC) and the probable effect concentration ( PEC) . 

These values provide a reliable basis for assessing sediment quality conditions in aquatic 

ecosystems. TEC defines values below which harmful effects are unlikely to be observed, 

while PEC defines values above which harmful effects are likely to be observed. 
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The results of sequential analysis of sediment of Oji river (Table 4.24  and Figure 4.50), 

showed that the mean total and mobile fractions of iron (Fe) are below the 20,000mg/kg 

threshold effect concentration (TEC) reported by MacDonald etal. (2009). The result of 

bio-available fraction in this work is similar to the result obtained by Saeed and Shaker 

(2008).The paired samples correlation (Appendix XXXIII) revealed that there was link 

between the study area and the sediment. 

The result revealed that both the  mean total and the mobile phase of manganese in the 

sediment were below 460mg/kg threshold effect concentration (TEC). The value of 

manganese obtained in this study was lower than the ones reported by Lakeshmanasenthil 

et al. (2013) and Abdo (2007). Also the paired sample correlation between the 

manganese in the soil of the study area and the sediment was significantly positive. 

Therefore the level of manganese  in the sediment may be attributed to the impact of coal 

ash deposit on the soil of the study area and some other natural sources. However no 

harmful effect was expected at that level of concentration. 

Nickel concentrations in the sediment of Oji river water was far below the 23mg/kg 

threshold effect concentration (TEC). The result of our total mean and bio-available 

fraction were similar to the level reported by Lakeshmanasenthil  et al. (2013). The 

paired samples correlation result between the Ni in the sediment and the Ni in the soil of 

the study area was positive but not significant. The level of nickel concentration in the 

sediment may be related partly to the soil of the study area and the composition of the 

parent material. However no harmful effect is expected since the level of nickel is below 

the TEC.  

Mean total lead (Pb) concentration in the sediment of Oji River was above the 36mg/kg 

threshold effect concentration and the probable effect concentration (PEC). Also the non 

residual fraction was above 50% of the extractable lead in the sediment. The paired 

samples correlations between the lead in the sediment and the soil of the study area was 

significant at the 0.05 level. Therefore the high level of lead in the non-residual fractions 

implicated anthropogenic origin, which may be attributed to the coal ash deposits in the 
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soil of the study area. Cosquently, there is tendency of lead pollution and its harmful 

effect in the study area. 

Total mean cadmium (Cd) concentration in the sediment of Oji river was above 

0.99mg/kg TEC and PEC complied by MacDonald et al. (2000). The mobile fractions 

were above the TEC but below PEC. Also, both the  reducible and oxidizable fractions 

were above the PEC. The mobile fraction of this result was similar to  the one reported by  

Abdo et al. (2007), Ibigoni and Olulu (2012). The result of the paired samples correlation 

revealed that cadmium in the sediment correlated positively but not significantly with the 

cadmuim in the soil of the study area. The high level of cadmium observed in the 

sediment may be related to the composition of parent material, flooding and the impact of 

coal ash deposit on the nearby soil of the study area. Consquently cadmium pollution of 

the aquatic environment may be expected. 

Mean total cobalt concentration in the sediment of Oji river was above the 50mg/kg 

USEPA fresh water sediment screening bench mark. The mobile phase were below the 

benchmark, however the non residual fractions make up to 40% of extractable cobalt in 

the sediment. Our total mean concentration was similar to the one reported by Abdo et al. 

(2007). The result of the pair samples correlation revealed a significantly positive 

correlation between the cobalt in the sediment and the soil of the study area. The level of 

cobalt in the sediment may be attributed to the composition of the parent materials and 

the impact of the coal ash deposit in the soil of the study area. Since the total cobalt was 

above the benchmark and the non-residual fractions were above 40%, harmful effect of 

cobalt  may be observed among the benthic organisms. 

The level of zinc concentration in the sediment of Oji river was below the consensus 

based sediment quality guidelines (TEC) of 120mg/kg. This result was lower than the one 

reported by Moore et al. (2009). The paired sample correlation revealed a positive and  

significant relationship between the zinc in the sediment and the soil of the study area, 

which may imply that zinc in the soil of the study area had influence in the level of zinc 
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in the sediment. Below the TEC, harmful effects of heavy metals contamination is not 

expected among benthic and aquatic organisms.  

The level of chromium in the sediment of Oji river was below the threshold effect 

concentration of 43mg/kg for fresh water sediment. The result of our extractable 

chromium was similar to the result obtained by Abdo et al. (2007). The paired sample 

correlation revealed a positive and significant correlation between the chromium in the 

sediment and the soil of the study area, it therefore means that the level of chromium in 

the sediment was similar to that of the soil of the study area. However chromium 

contamination may not be expected in the aquatic ecology since the concensus based 

threshold effect  concentration was not exceeded.  

The level of copper in the sediment of oji river was below the threshold effect 

concentration of 32mg/kg for fresh water sediment. The results of the mean total and bio-

available copper recorded in this work were lower than the ones reported by  Abdo 

(2007) and  Moore (2009). The correlation analysis revealed a positive and significant 

correlation between copper in the sediment and the soil of the study area. The value of 

copper in the sediment may be related to the impact of coal ash deposit near the Oji river 

water. No harmful effect was expected among the benthic organisms since the level of 

copper was below TEC. 

Arsenic concentration in the sediment of Oji river was below the concensus based 

sediment quality guidelines, threshold effect concentration of 9.8mg/kg for fresh water 

sediments. The results of our bio-available fraction are higher than the ones reported by  

Moore et al. (2009). Mean while, the correlation between the arsenic in the sediment and 

the soil indicated that the Arsenic in the sediment can not be related to the soil of the 

study area. However, harmful effect of Arsenic containination among benthic organisms 

was not expected, since the TEC was not exceeded. 

There was no concensus based sediment quality guidlines, threshold and probable effect 

concentration values for selenium. There was also no USEPA screening benchmark for 

selenium in fresh water sediments. However, The extractable selenium is above the 
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maximum allowable concentration (MAC) range of 3-10mg/kg for trace metals in 

agricultural soils (Kabata and Pendias, 2001), but the bioavailable selenium in the 

sediment of Oji river was below the MAC value. The level of bio-available selenium 

obtained in this study was similar to the bio-available fraction reported by Goetze and 

Mackey (2004), in their study of wellstead estuary. The paired samples correlation 

between the selenium in the sediment and the soil of the study area was insignificantly 

negative. The high percentage of selenium in the residual fraction of sediment of Oji river 

may be related to the parent material and coal ash deposit in the study area. The result 

indicated that harmful effect of selenium contamination may be observed in some of the 

water plants species. 

The mean total and bioavailable molybdenum in the sediment of Oji river were above the 

operational range assessment screening benchmark value of 4mg/kg complied by  

MacDonald et al. (1994). The correlation analysis revealed a positive and significant 

correlation between the molybdenum in the sediment and the soil of the study area. The 

high level of molybdenum in the sediment may therefore be related to the coal ash 

deposit in the soil of the study area and the composition of the parent material. Harmful 

effect  of molybdenum toxicity may be observed, since the mobile fraction is above the 

benchmark value. 

Mean total mercury in the sediment of Oji river was above 0.18mg/kg concensus based 

sediment quality guidlines threshold effect concentration (TEC). However the mobile 

fraction and  other non residual  fractions were below detectable limit of the instrument. 

Consquently, harmful effect of mercury toxicity was not expected.         

  

4.4.4  Plant Leaves 

The mean values of iron in the 5 sampled plant leaves from the study area and the control 

(Table 4.23) were below the WHO/FAO safe limit of 450mg/kg for naturally growing 

plants. It was observed that apart from Abelmoschus esculenta in which the concentration 
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of iron was higher in the leaf from the study area than the control, reverse were the cases 

in Manihot esculenta, Aspilia africana, Zea mays and Panicum maximum. Similar results 

were obtained by  Essiett et al. (2010) in their study of Diodia scandeas leaves. 

Correlation of the results (Appendix LX) with the bioavailable iron in the soil of the 

study area revealed positive correlation with three plants Manihot esculenta, Aspilia 

africana and Abelmoschus esculenta while correlation with Zea mays and Panicum 

maximum was negative. The result indicated that the bioavailable iron in the soil may 

have influenced the concentrations in the leaves. Variation in different leaves may be 

related to the absorption characteristics of the plants roots. Iron (Fe) plays an important 

role in photosynthesis and Nitrogen fixation (Kabata and Pendias, 1992). 

Plants vary wildely in their susceptibility to deficiency and toxicity, so that thresh hold 

values are difficult to estimate (Kabata and Pendias, 1992). The level of iron in the 

sampled leaves constitute no danger to the plants, humans and animals that feed on those 

plant leaves, since animals require about 50 – 100ppm in feed on dry weight basis. Also 

incidences of Fe toxicity to plants have not been reported under natural conditions.  

The mean levels of managanese (Table 4.23) in the sampled plant leaves of both the 

study area and the control were either below or within the normal range of 30–300mg/kg 

reported by Kabata and Pendias (1992). The results obtained in this work were however 

lower than the results obtained by Essiett et al., (2010), in Diodia scandeus. 

The results of the correlation of manganese concentration (Appendix Lxi) in plant leaves 

with the bioavailable fraction of manganese in the soil of the study area was negative for 

Manihot esculenta, Aspilia africana, Zea mays and Panicum maximum, it was only in 

Abelmoschus esculenta that we have positive correlation. The results signified that the 

manganese concentation in the  plant leaves was not a direct attribute from the 

managanese in the soil of the study area. Though certain levels of Mn may have come 

with coal ash but it was not suficient to contribute meaningfully to the level of 

managanese in the plant leaves. Manganese is essential for the production of oxygen in 

plant chloroplasts, and it affects plant nutrition indirectly through its involvement in 
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nitrate reduction (Kabata and Pendias, 1992). Since plants require manganese for 

development, they absorb manganese even at unfavourable conditions. The level of 

manganese in the sampled leaves is not yet a toxicity threat either to the plants or animals 

that feed on the plants including humans who may depend on those plants directly or 

indirectly.  

The  mean nickel value (Table 4.23) in the sampled leaves of Zea mays, Abelmoschus 

escenlenta and Panicum maximum were within the normal range of 0.1 – 5mg/kg 

reported by Kabata and Pendias, (1992) for plants growing on natural soils, while 

Manihot esculenta and Aspilia africana had Ni concentrations beyond the normal range. 

The results also revealed that nickel concentration (Fig.4.48) were higher in the plant 

leaves from the study area than the control. The results were similar to sample A of Obasi 

et al. (2013). The level of nickel in the sampled plant leaves may be attributed to coal ash 

deposit in the study area. Correlation of the nickel values (Appendix LXII) in the plant 

leaves with the bioavailable fraction in the soils of the study area were positive except in 

Zea mays which had a negative significant correlation. The results implicated a direct link 

between the nickel concentration in the soil and plants in the study area. It has not been 

established that nickel is essential for plant growth; it is easily translocated within plants 

and accumulated in leaves and seeds. Though animal and humans require trace amounts 

of nickel for their good health, but the level of nickel in the plant leaves of the study area 

need  to be monitored. Plants show symptoms of toxicosis at leaf levels and may exhibit 

chlorosis, gray-green leaves exceeded (Kabata and Pendias, 1992).  

 The mean lead value (Table 4.23)  in the sampled plant leaves of both the study area and 

the control were within the normal range of 5-10mg/kg reported by Kabata and Pendias, 

(2001) for plants growing on natural soil. The results resemble the ones of sample “B” 

reported by Obasi et al. (2013). The results showed that lead concentration in the leaves 

from the study area were all higher than those of the control, which was a reflection of 

the peculiarity of the study area. The correlation of lead content (AppendixLXIII) in the 

sampled leaves with the bioavailable fractions of lead in the soil samples of the study 
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area were positive, except in manihot esculenta which showed a significant negative 

correlation. The implication is that, lead content in the leaves, had positive link with the  

lead content  of the  soil of the study area which invariably implicated the coal ash dump. 

This result may be related  to the coal ash deposit in the study area. The negative 

correlation of the manihot esculenta may be due to absorption characteristics of the plant.  

Lead is a non essential element for plants,  animals and humans. It is toxic to plants at 

leaf levels of 30-300ppm (dry weight basis ) at which point plants exhibit dark green 

leaves ,wilting and stunted foliage and roots (Kabata and Pendias, 1992 ). Lead is highly 

toxic to animals at a level of 30ppm Pb in diet on a dry weight basic (FAO, 1992). 

Consequently, though, the lead content in the sampled leaves were within the normal 

range, but it may be dangerous due to accumulation in the body systems of animals and 

humans that feed regularly on those plants.  

The mean value of cadmium (Table 4.23) in the sampled plant leaves of both the study 

area and the control were all above the normal range of 0.05-0.2mg/kg for plants growing 

on natural soil reported by Kabata and Pendias (2001). The results of the study area were 

all above the control(Fig.4.46) which implicated the coal ash deposit in the study area. 

Similar results were reported by Jehan et al., (2016) in their study of cauliflower and 

radish. The correlation of the results with the bioavailable fractions of the soil samples 

from the study area were positive with manihot esculenta and Abelmoschus esculenta, 

but negative with Aspilia africana, Zea mays, and Panicum maximum. The variance of 

cadmium levels in different leaves may be related to differences in absorption 

characteristics of each plant and their translocation tendencies, which may or may not 

reflect the actual level of cadmium in the soil. However, evidence abound that high level 

of cadmuim concentration in the sampled plant leaves may be linked to the cadmium in 

the soil of the study area. Cadmium has no known biological functions, the main concern 

regarding cadmium is its role as a toxicant. Cadmium is phytotoxic at leaf levels of 5- 

30ppm (Kabata and Pendias, 1992). And it is a pontential hazard for human consumption. 

Consquently  animals and humans feeding on those plant leaves may be exposed to 

cadmium contamination.  
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The mean value of cobalt (Table 4.23) in Manihot esculenta  from the study area and the 

control are below the normal range of 0.02- 1mg/kg reported by Kabata and Pendias, 

(1992). Cobalt concentration in Aspilia africana from the study area was above the 

normal range, while in the control samples cobalt was below the normal range. Cobalt 

level in Zea-mays was below the normal range in the study area and above the normal 

range in the control samples. In Abelmoschus  esculenta cobalt value was above the 

normal range in the study area and below the normal range in the control samples. Also 

cobalt level in Panicum maximum was below the normal range in the study area but 

above in the control samples (Fig. 4.44).The results were similar to those  obtained by  

Essiett et al. (2010) in their study of Diodia scandeus. The variance in the concentration 

of cobalt between the study area and the control samples and the high level of cobalt in 

the control samples may be related to the composition of cobalt in the parent soil 

materials with some contributions from coal ash dump.  

The correlation of the results with bioavailable fractions of cobalt in the soil of the study 

area (Appendix LXV) was positively significant in Manihot esculenta, Zea mays and 

Abelmoschus esculenta, but negatively significant in Aspilia africana. It was therefore 

observed that the level of cobalt in the plant leaves from the study area had positive link 

with the level of cobalt in the soil. The reverse case in Aspilia africana may be attributed 

to the absorption characteristics and translocation of cobalt by the plant. Cobalt is 

essential for blue-green  algae and N2- fixing hizobia but its essentiality for higher plants 

is not proven, although it has  been shown to be beneficial to plant growth (Kabata and 

Pendias,1992). Under natural conditions toxicity to either plants or  animals is unlikely, 

though cobalt levels in some plants are relatively above the normal range but non of them 

is upto the toxic level. 

The mean value of zinc (Table 4.23) in the sampled plant leaves from both the study area 

and the control are either below or within the normal range of 27 -150mg/kg reported by 

Kabata and Pendias (2001). It was also observed that in all the plants, those from the  

study area have higher level of zinc than the control samples (Fig. 4.49). Similar results 
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were obtained by Okeke et al. (2014) and Dinesh et al.  (xxx) in the study of Solenum 

nigrum L. and Spanacia oleracia L. plants. The correlation analysis with the bioavailable 

fractions of zinc in the soil samples of the study area were positive except in Panicum 

maximum which had negative correlation (Appendix LXVI). The high level of zinc in the 

sampled leaves from the study area may be related to the impact  of the coal ash deposits 

in the soil of the study area and the composition of the parent soil materials. The negative 

correlation with Panicum maximum may be attributed to the plants absorption 

characteristics and its translocation tendencies. Zinc is essential for plants in lipid and 

carbohydrate metabolism (Kabat and Pandias, 1992), it is required for several enzymes in 

animals (Scott, 1972), and is also essential for energy metabolism in humans (Kiekens, 

1990). The level of zinc in the sampled plant leaves was not a toxicity threat considering 

the normal range and its role as essential trace metal for both plants and animals.   

The mean value of chromium (Table 4.43) in the sampled plant leaves from the study 

area and the control were below the normal range of 0.1-0.5mg/kg reported by (Kabata 

and Pendias, 2001). The results also resembled the ones reported by Essiett et al. (2010) 

in their studies of Solenum nigrum l; Spinacia oleracia l. and Dissotis erecta respectively. 

It was observed in (Appendix LXVII) that there was no significant variance between the 

level of Cr in leaves from the study area and the control samples. The value of chromium 

observed in this result may be attributed to the composition of the parent soil materials 

with lesser impact from the coal ash deposit in the study area. There was no evidence that 

chromium is essential for plants. Cr
3+

 is required for removal of excess glucose in 

mammals (Scott, 1972), while Cr
6+

 is toxic to both plants and animals (Kabata and 

Pendias, 1992). It is necessary that when chromium concentration is above normal range, 

further  analysis may be required to establish the oxidation number of the chromium 

before concluding whether it is toxic or not. In this work there may not be  toxic threat 

since the value of Cr was below the normal range and in some plants it was below 

detectable limit of the instrument used. 
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 The mean value of copper (Table 4.23) in the sampled plant leaves from the study area 

and the control were below the normal range of 5-30mg/kg reported by kabata and 

pendias (2001). Similar results were reported by Nazir et al. (2015) and Jehan et al., 

(2016) in their studies of leaves of Dodonea visose and Cauliflower and Radish 

respectively. It was observed that there were no significant difference between the copper 

levels in the leaves from the study area and the control. The value of copper in the plant 

leaves from the study area may be related to the amount of copper in the composition of 

the parent soil materials and the impact of coal ash deposit. Correlation of the results 

(Appendix LXVIII) with the bioavailable fractions of copper in the soil samples of the 

study area were positive with Manihot esculenta and Abelmoschus esculenta, but 

negative with Aspilia africana, Zea mays and Panicum maximum. The variation observed 

in the correlation analysis may be attributed to the absorption charactertics and 

translocation tendencies of different plant species. Copper functions in oxidation, 

photosynthesis and metabolism, consquently, it is essential in plants (Kabatab and 

Pendias, 1992). As well, it is necessary in animal nutrition where it plays a role in 

oxidase functions (Kubota and Alloway, 1972). However, because copper accumulates in 

the organs of animals, care must be taken in the consumption of food items containing 

copper especially when such items form part of our regular diets. 

 The mean level of Arsenic (Table 4.23) in sampled plants leaves of the study area were 

above the normal range of 1-1.7mg/kg reported by kabata and pendias (2001). The results 

of this study were higher than the ones obtained by Hamid et al., (2015) and Opaluwa et 

al.(2012). It was also observed that Arsenic concentrations in the control leaves were 

below the normal range. The high level of Arsenic in the plant leaves from the study area 

may be related to the impact of coal ash deposit. The result of the correlation of the 

bioavailable fractions of the soil samples from the study area and the sampled leaves 

(Appendix LXIX) were significantly positive for  Manihot esculenta and Aspilia 

africana. In Zea mays and Abelmoschus esculenta, the correlation was positive but not 

significant. The correlation of the bio-available arsenic in the soil samples of the study 

area with Panicum maximium was non-significantly negative. The results indicated that 
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the level of arsenic in the soil of the study area had positive influence on the amount of  

arsenic in the leaves from the study area. Arsenic is a component of most plants, but its 

biological function, if any, has not been determined (Kabata and Pendias, 1992). It is 

unlikely that phytotoxic arsenic levels will result in the poisoning of consumers because 

plants will cease to grow if roots have absorbed too much arsenic, and fruits and seeds 

will not have elevated levels (NRCC, 1978b). In the present study, the levels of arsenic in 

the plant leaves from the study revolves around the toxic range of 5-20mg/kg as reported 

by kabata  and pendias (2001), therefore it poses a toxic threat to human and animal 

health. 

 The mean level of molybdenum (Table 4.23) in the sampled plant leaves of the study 

area were above the normal range of 0.0-5mg/kg reported by kabata and pendias (2001). 

However, the results obtained in this study was higher than the ones obtained by  Essiett 

et al. (2010) in their study of Diodia Scandeus leaves the results of the control samples 

were below the normal range. The high level of molybdenum in the leaves of the study 

area may be attributed to the impact of coal ash deposit and the composition of the parent 

soil materials. The correlation of the results with the bioavailble fraction in the soil of the 

study area (Appendix LXX) were positively significant in Aspilia africana and 

Abelmoschus esculenta, positive but not significant in Manihot esculenta, while in 

Panicum maximum the result was significantly negative. The implication is that the 

amount of molybdenum in the soil of the study area had positive influence in the level of 

molybdenum in the plant leaves. Molybdenum is essential to plant nutrition, as it is 

involved in nitrogen fixation, nitrate reduction and valence changes (Kabata-pendias and 

Pendias, 1992). Molybdenum is also essential in animal nutition (Mcbride, 1994) and can 

result in copper toxicity if present in deficient amounts (Kubota and Alloway, 1972). In 

this study the results are still within the toxic limit but there is tendency of accumulating 

molybdenum in the tissues and organs of  animals that feed regularly on the leaves of 

such plants. 
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The mean value of selenium (Table 4.23) in the sampled leaves of the study area were all 

above the normal range of 0.01-2mg/kg reported by Kabata and Pendias, (2001). It was 

also observed that selenium concentration in the control samples were above the normal 

range in Manihot esculenta and Panicum maximum, others were within the normal range. 

The results obtained in this work was higher than the ones reported by Essiett et al. 

(2010) in their study of Diodia scandeus leaves. The high level of selenium in plant 

leaves of the study area may be  related to the impact of coal ash deposit and the 

composition of the parent soil materials. Though most of the results of the correlation 

analysis were negative, but plants can take up metals from other non residual fraction 

when the mobil fraction are not sufficient, just as the case in this study. Selenium is 

essential  for some  plants, but it has not been established  as an essential element in 

general (Kabata-Pendias and Pendias, 1992). Selenium is also essential for animals and 

humans and its deficiency can be dangerous to health. At elevated levels, selenium can be 

toxic and dangerous to health. 

In this study the level of selenium are already within the toxic range of 5-30mg/kg 

Kabata and Pendias (2001) and care should be taken  in regular dependence on such plant 

leaves. 

 The mean value of mercury (Table 4.23) in the sampled plants leaves from the study area 

and the control were below the toxic range of 1-3mg/kg.  There were no clear differences 

between the results from the study area and the control samples. In some of the plant 

leaves the level of mercury (Fig.4.38) were higher in the control samples than the study 

area,  hence the mercury observed in this result may be related mostly to the composition 

of the parent soil materials with little or no impact from the coal ash deposit in  the study 

area. Mercury is not essential to plants, animals or humans, translocation of mercury is 

generally limited as mercury accumulates in the roots, thereby reducing problems caused 

by consumption of plant foliage (Steinnes, 1990). In this present study , fear of mercury 

containination is minimised, since, mercury levels in the plant leaves were below the 

toxic range and in the soil samples, mercury was observed only in the residual phase.          
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

Evidence abounds that coal ash contain varing levels of metals and metalliods depending 

to some extent on the geological composition of the coal‟s immediate environment. 

Therefore it will not be out of place to carry out routine checks on the coal ash and its 

surrounding environments, in order to restore or maintain the natural equilibrium of the 

environment. 

The pH of the soil and the water environment under study were determined and found to 

be between 6.1 and 6.7 for soil and between 7.29 and 7.8 for  ground water sources, while 

the mean pH for sediment and Oji river water are 6.0 and 6.4 respectively. The results 

showed that the average pH of the soil and bore hole water were within the normal range. 

However, that of the sediment and the Oji River water were slightly acidic.  

The concentration of the total and bioavailable heavy metals determined in this study 

were in the order of Fe > As > Pb > Mn > Se > Zn > Cr > Co > Mo > Hg > Ni > Cd > Cu 

and Fe > As > Pb > Mn> Co > Zn > Cu > Cr > Mo > Se > Ni > Hg for soil. Also the 

sequence Fe > Pb > Cd > Mn > Co > Hg > Se > Zn > As > Cr > Mo > Cu > Ni and Pb > 

Fe > Mn > Co > Mo > As > Cd > Cu > Se > Zn > Cr > Ni > Hg were for the total and 

bioavailable metal levels in the  sediment of Oji- river water. 

The extractable metals in Oji- river water was in the order of Se > Mo > As > Fe > Mn > 

Ni > Co > Cr> Cd > Zn > Hg > Cu > Pb. The order for the metals in the bore holes were 

Fe > Mn > Se > As > Cr > Mo > Zn > Cd > Co > Ni > Hg > Pb > Cu. Meanwhile, the 

phytoaccumulation of the metals in the five selected plant leaves were in the order of  Zn 

> Mn > Fe > As > Mo > Se > Pb > Ni > Cu > Cd > Co > Cr > Hg. It was observed that 

iron was the most abundant metal in this study, but it rarely exceeds its standard limit 

except in the bore hole water sources. Its level of accumulation in the residual fraction of 

the soil and sediment samples may be an indication that iron is a native of the soil 
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environment under study. The concentrations of the metals were more in the study area 

than the control except in the plant leaves where iron, cobalt, and copper were higher in 

some leaves in the control samples. 

The result of the sequential analysis of the soil revealed that only the bioavailable 

fractions of arsenic and cadmium were above the standard limit for agricultural soils. 

Meanwhile the total concentration of the metals Mn, Pb, Mo, Se, Hg, As and Cd 

exceeded the standard limit. Also the non residual fractions of these metals were above 

50% of the total metal except mercury. 

The result of the water samples revealed that the metals Fe, Mn, Cd, Zn, Cr, As, Mo, and 

Se were above the WHO standard limit in at least one of the three boreholes within the 

100 meter range of the coal ash dump site. 

In the sediment samples, the result revealed that only the bioavailable fraction of Cd was 

above the bench mark value of 4mg/kg. Meanwhile, mean total concentration of the 

metals Pb, Co, Mo, and Cd were above the TEC values and their non-residual fractions 

were above 50%. In plant leaves the concentration of the  metals Ni, Pb, Cd, Co, As, Mo, 

and Se were above the acceptable limit separately or jointly in at least one of the five 

selected plant leaves.Meanwhile the selected plants were considered on the basis of their 

consumption by man or animals. All the five plants are consumable by cattles, goats and 

sheep, but Abelmoschus esculenta, Manihot esculenta and Zea mays are consumed by 

man.  The results of the depth wise analysis revealed that most of the metals have steady 

decrease into the soil from the top soil to 100cm depth which may be an indication that 

the metals must have been introduced through anthropogenic activities.  

The result of the pairwise correlation analysis revealed that more than half of the metals 

with their concentrations above the standard limit had positive correlations at 0.05 or 0.01 

level with the same metals in the bioavalable fractions of the soil samples. Meanwhile the 

correlations with the back ground results were negative. Therefore the level of these 

metals in the water, sediment and plant leaves may be implicated to the coal ash deposit 

on the soil of the study area. Consquently, the regular dependent on the plants and water 
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sources from the study area is an issue of health and environmental concern. The results 

also indicated that, in both adults and children, the ingestion pathway was the greatest 

contributor to the non-carcinogenic risk followed by the dermal pathway. The inhalation 

pathway was the least contributor to non-cancer risk and the carcinogenic effect. Also, it 

can be concluded that soils surrounding the coal ash dump area are seriously polluted by 

heavy metals, especially from As, Pb, Cd and Cr. 

 5.2  Recommendations 

Based on the conclusions drawn from this study, we recommend for more studies which 

will include the analysis of human blood of those who have been dwelling near the study 

areas for twenty years or more. We also recommend that soil amendment should be 

applied if the place must be cultivated. And that the drinking water sources from the area 

should undergo proper treatment before being used for both drinking and other domestic 

purposes. More so, as the Federal Government of Nigeria is planning to resuscitate the 

coal industry, they should incorporate heavy metal remediation programme into the 

original plant design. 

5.3 Contribution to Knowledge  

This study has contributed the following to  knowledge; 

(i) The study has generated a baseline data for the pollution status of the environment 

of Oji with heavy metals by coal ash generated by coal fired power plant. 

(ii) The inhabitants of the study area might have been exposed to carcinogenic and non-

carcinogenic health effects largely driven by As, Pb, and Cd with high 

concentration. 

(iii) Concentration of the bio-available fractions of As and Cd in the soil varies inversely 

with depth from top soil to 100 cm. 

(iv) The leaves of Abelmoschus esculenta in the study area contain high level of Zn 

which may sugesst that the plant can be used to harvest Zn from any environment. 

(v) The concentration of the metals As, Mo, Mn, Se, Cd and Cr in each of the  borehole 

varies according to the distance of the bore hole to the coal ash dump. 
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APPENDIX I 

UNIANOVA Observations BY Metals Fractions 

  /METHOD=SSTYPE(3) 

  /INTERCEPT=INCLUDE 

  /POSTHOC=Metals Fractions(LSD) 

  /CRITERIA=ALPHA(0.05) 

 /DESIGN=Metals Fractions. 

 

[DataSet1] C:\Users\Dr. F.C. Eze\Desktop\ANOVA on mean of metal fraction

s in the east axis.sav 

 

Between-Subjects Factors 

  Value Label N 

Metals 1 Fe 5 

2 Mn 5 

3 Ni 4 

4 Pb 5 

5 Cd 4 

6 Co 5 

7 Zn 5 

8 Cr 5 

9 Cu 5 

10 As 5 

11 Mo 5 

12 Se 5 

Fractions 1 F1 11 

2 F2 12 

3 F3 12 

4 F4 12 

5 F5 11 
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Tests of Between-Subjects Effects 

Dependent 

Variable:Observations 

    

Source 

Type III Sum 

of Squares df Mean Square F Sig. 

Corrected 

Model 
320.237

a
 15 21.349 4.219 .000 

Intercept 152.713 1 152.713 30.178 .000 

Metals 261.242 11 23.749 4.693 .000 

Fractions 56.472 4 14.118 2.790 .038 

Error 212.538 42 5.060   

Total 692.126 58    

Corrected Total 532.775 57    

a. R Squared = .601 (Adjusted R Squared = .459)   

 

Post Hoc Tests Fractions 

Multiple Comparisons 

Observations 

LSD 

     

(I) 

Fraction

s 

(J) 

Fraction

s 

Mean 

Difference 

(I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

F1 F2 .1197 .93901 .899 -1.7753 2.0147 

F3 -.9614 .93901 .312 -2.8564 .9336 

F4 .0293 .93901 .975 -1.8657 1.9243 

F5 -2.5697
*
 .95921 .010 -4.5055 -.6340 

F2 F1 -.1197 .93901 .899 -2.0147 1.7753 

F3 -1.0811 .91837 .246 -2.9344 .7723 

F4 -.0903 .91837 .922 -1.9437 1.7630 

F5 -2.6894
*
 .93901 .007 -4.5844 -.7944 

F3 F1 .9614 .93901 .312 -.9336 2.8564 

F2 1.0811 .91837 .246 -.7723 2.9344 

F4 .9907 .91837 .287 -.8626 2.8441 

F5 -1.6083 .93901 .094 -3.5033 .2867 

F4 F1 -.0293 .93901 .975 -1.9243 1.8657 
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F2 .0903 .91837 .922 -1.7630 1.9437 

F3 -.9907 .91837 .287 -2.8441 .8626 

F5 -2.5991
*
 .93901 .008 -4.4941 -.7041 

F5 F1 2.5697
*
 .95921 .010 .6340 4.5055 

F2 2.6894
*
 .93901 .007 .7944 4.5844 

F3 1.6083 .93901 .094 -.2867 3.5033 

F4 2.5991
*
 .93901 .008 .7041 4.4941 

Based on observed means. 

 The error term is Mean Square(Error) = 5.060. 

  

*. The mean difference is significant at the 0.05 level.  

 

 

Metals 

Multiple Comparisons 

 

     

(I) 

Metals 

(J) 

Metals 

Mean 

Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Fe Mn 5.8644
*
 1.42274 .000 2.9932 8.7356 

Ni 7.5906
*
 1.50904 .000 4.5453 10.6360 

Pb 4.9364
*
 1.42274 .001 2.0652 7.8076 

Cd 7.6334
*
 1.50904 .000 4.5880 10.6788 

Co 7.2476
*
 1.42274 .000 4.3764 10.1188 

Zn 7.2906
*
 1.42274 .000 4.4194 10.1618 

Cr 7.3702
*
 1.42274 .000 4.4990 10.2414 

Cu 7.6046
*
 1.42274 .000 4.7334 10.4758 

As 4.7668
*
 1.42274 .002 1.8956 7.6380 

Mo 7.5334
*
 1.42274 .000 4.6622 10.4046 

Se 6.3016
*
 1.42274 .000 3.4304 9.1728 

Mn Fe -5.8644
*
 1.42274 .000 -8.7356 -2.9932 

Ni 1.7262 1.50904 .259 -1.3191 4.7716 

Pb -.9280 1.42274 .518 -3.7992 1.9432 

Cd 1.7690 1.50904 .248 -1.2764 4.8144 

Co 1.3832 1.42274 .337 -1.4880 4.2544 

Zn 1.4262 1.42274 .322 -1.4450 4.2974 

Cr 1.5058 1.42274 .296 -1.3654 4.3770 

Cu 1.7402 1.42274 .228 -1.1310 4.6114 
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As -1.0976 1.42274 .445 -3.9688 1.7736 

Mo 1.6690 1.42274 .247 -1.2022 4.5402 

Se .4372 1.42274 .760 -2.4340 3.3084 

Ni Fe -7.5906
*
 1.50904 .000 -10.6360 -4.5453 

Mn -1.7262 1.50904 .259 -4.7716 1.3191 

Pb -2.6542 1.50904 .086 -5.6996 .3911 

Cd .0428 1.59067 .979 -3.1673 3.2528 

Co -.3430 1.50904 .821 -3.3884 2.7023 

Zn -.3001 1.50904 .843 -3.3454 2.7453 

Cr -.2204 1.50904 .885 -3.2658 2.8249 

Cu .0140 1.50904 .993 -3.0314 3.0593 

As -2.8239 1.50904 .068 -5.8692 .2215 

Mo -.0572 1.50904 .970 -3.1026 2.9881 

Se -1.2890 1.50904 .398 -4.3344 1.7563 

Pb Fe -4.9364
*
 1.42274 .001 -7.8076 -2.0652 

Mn .9280 1.42274 .518 -1.9432 3.7992 

Ni 2.6542 1.50904 .086 -.3911 5.6996 

Cd 2.6970 1.50904 .081 -.3484 5.7424 

Co 2.3112 1.42274 .112 -.5600 5.1824 

Zn 2.3542 1.42274 .105 -.5170 5.2254 

Cr 2.4338 1.42274 .095 -.4374 5.3050 

Cu 2.6682 1.42274 .068 -.2030 5.5394 

As -.1696 1.42274 .906 -3.0408 2.7016 

Mo 2.5970 1.42274 .075 -.2742 5.4682 

Se 1.3652 1.42274 .343 -1.5060 4.2364 

Cd Fe -7.6334
*
 1.50904 .000 -10.6788 -4.5880 

Mn -1.7690 1.50904 .248 -4.8144 1.2764 

Ni -.0428 1.59067 .979 -3.2528 3.1673 

Pb -2.6970 1.50904 .081 -5.7424 .3484 

Co -.3858 1.50904 .799 -3.4312 2.6596 

Zn -.3428 1.50904 .821 -3.3882 2.7026 

Cr -.2632 1.50904 .862 -3.3086 2.7822 

Cu -.0288 1.50904 .985 -3.0742 3.0166 

As -2.8666 1.50904 .064 -5.9120 .1788 

Mo -.1000 1.50904 .947 -3.1454 2.9454 

Se -1.3318 1.50904 .383 -4.3772 1.7136 

Co Fe -7.2476
*
 1.42274 .000 -10.1188 -4.3764 

Mn -1.3832 1.42274 .337 -4.2544 1.4880 
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Ni .3430 1.50904 .821 -2.7023 3.3884 

Pb -2.3112 1.42274 .112 -5.1824 .5600 

Cd .3858 1.50904 .799 -2.6596 3.4312 

Zn .0430 1.42274 .976 -2.8282 2.9142 

Cr .1226 1.42274 .932 -2.7486 2.9938 

Cu .3570 1.42274 .803 -2.5142 3.2282 

As -2.4808 1.42274 .089 -5.3520 .3904 

Mo .2858 1.42274 .842 -2.5854 3.1570 

Se -.9460 1.42274 .510 -3.8172 1.9252 

Zn Fe -7.2906
*
 1.42274 .000 -10.1618 -4.4194 

Mn -1.4262 1.42274 .322 -4.2974 1.4450 

Ni .3001 1.50904 .843 -2.7453 3.3454 

Pb -2.3542 1.42274 .105 -5.2254 .5170 

Cd .3428 1.50904 .821 -2.7026 3.3882 

Co -.0430 1.42274 .976 -2.9142 2.8282 

Cr .0796 1.42274 .956 -2.7916 2.9508 

Cu .3140 1.42274 .826 -2.5572 3.1852 

As -2.5238 1.42274 .083 -5.3950 .3474 

Mo .2428 1.42274 .865 -2.6284 3.1140 

Se -.9890 1.42274 .491 -3.8602 1.8822 

Cr Fe -7.3702
*
 1.42274 .000 -10.2414 -4.4990 

Mn -1.5058 1.42274 .296 -4.3770 1.3654 

Ni .2204 1.50904 .885 -2.8249 3.2658 

Pb -2.4338 1.42274 .095 -5.3050 .4374 

Cd .2632 1.50904 .862 -2.7822 3.3086 

Co -.1226 1.42274 .932 -2.9938 2.7486 

Zn -.0796 1.42274 .956 -2.9508 2.7916 

Cu .2344 1.42274 .870 -2.6368 3.1056 

As -2.6034 1.42274 .074 -5.4746 .2678 

Mo .1632 1.42274 .909 -2.7080 3.0344 

Se -1.0686 1.42274 .457 -3.9398 1.8026 

Cu Fe -7.6046
*
 1.42274 .000 -10.4758 -4.7334 

Mn -1.7402 1.42274 .228 -4.6114 1.1310 

Ni -.0140 1.50904 .993 -3.0593 3.0314 

Pb -2.6682 1.42274 .068 -5.5394 .2030 

Cd .0288 1.50904 .985 -3.0166 3.0742 

Co -.3570 1.42274 .803 -3.2282 2.5142 

Zn -.3140 1.42274 .826 -3.1852 2.5572 



225 

Cr -.2344 1.42274 .870 -3.1056 2.6368 

As -2.8378 1.42274 .053 -5.7090 .0334 

Mo -.0712 1.42274 .960 -2.9424 2.8000 

Se -1.3030 1.42274 .365 -4.1742 1.5682 

As Fe -4.7668
*
 1.42274 .002 -7.6380 -1.8956 

Mn 1.0976 1.42274 .445 -1.7736 3.9688 

Ni 2.8239 1.50904 .068 -.2215 5.8692 

Pb .1696 1.42274 .906 -2.7016 3.0408 

Cd 2.8666 1.50904 .064 -.1788 5.9120 

Co 2.4808 1.42274 .089 -.3904 5.3520 

Zn 2.5238 1.42274 .083 -.3474 5.3950 

Cr 2.6034 1.42274 .074 -.2678 5.4746 

Cu 2.8378 1.42274 .053 -.0334 5.7090 

Mo 2.7666 1.42274 .059 -.1046 5.6378 

Se 1.5348 1.42274 .287 -1.3364 4.4060 

Mo Fe -7.5334
*
 1.42274 .000 -10.4046 -4.6622 

Mn -1.6690 1.42274 .247 -4.5402 1.2022 

Ni .0572 1.50904 .970 -2.9881 3.1026 

Pb -2.5970 1.42274 .075 -5.4682 .2742 

Cd .1000 1.50904 .947 -2.9454 3.1454 

Co -.2858 1.42274 .842 -3.1570 2.5854 

Zn -.2428 1.42274 .865 -3.1140 2.6284 

Cr -.1632 1.42274 .909 -3.0344 2.7080 

Cu .0712 1.42274 .960 -2.8000 2.9424 

As -2.7666 1.42274 .059 -5.6378 .1046 

Se -1.2318 1.42274 .392 -4.1030 1.6394 

Se Fe -6.3016
*
 1.42274 .000 -9.1728 -3.4304 

Mn -.4372 1.42274 .760 -3.3084 2.4340 

Ni 1.2890 1.50904 .398 -1.7563 4.3344 

Pb -1.3652 1.42274 .343 -4.2364 1.5060 

Cd 1.3318 1.50904 .383 -1.7136 4.3772 

Co .9460 1.42274 .510 -1.9252 3.8172 

Zn .9890 1.42274 .491 -1.8822 3.8602 

Cr 1.0686 1.42274 .457 -1.8026 3.9398 

Cu 1.3030 1.42274 .365 -1.5682 4.1742 

As -1.5348 1.42274 .287 -4.4060 1.3364 

Mo 1.2318 1.42274 .392 -1.6394 4.1030 
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Based on observed means. 

 The error term is Mean Square(Error) = 5.060. 

  

*. The mean difference is significant at the 0.05 level.  

 

Homogeneous Subsets 

Summary of the multiple comparisons 

 

 

 

 

 

 

Summary of the multiple comparisons 

Compared metals Mean difference Leader Rank 

Fe versus Mn 

        ,,        Ni 

        ,,       Pb 

        ,,        Cd 

        ,,        Co 

        ,,       Zn 

        ,,       Cr 

        ,,       Cu 

        ,,       As 

        ,,       Mo 

        ,,       Se 

        ,,       Hg        

5.8644 

7.5906 

4.9364 

7.6334 

7.2476 

7.2906 

7.3702 

7.6046                                                               

4.7668 

7.5334 

6.3016 

 

Fe 

Fe 

Fe 

Fe 

Fe 

Fe 

Fe 

Fe 

Fe 

Fe 

Fe 

9 

3 

10 

1 

7 

6 

5 

2 

11 

4 

8 

Mn  versus Fe -5.8644 Fe 9 

Ni  versus Fe -7.5906 Fe 3 

Pb  versus Fe -4.9364 Fe 10 

Cd  versus Fe -7.6334 Fe 1 

Co  versus Fe -7.2476 Fe 7 

Zn  versus Fe -7.2906 Fe 6 

Cr  versus Fe -7.3702 Fe 5 

Cu  versus Fe -7.6046 Fe 2 

As  versus Fe -4.668 Fe 11 

Mo  versus Fe -7.5334 Fe 4 

Se  versus Fe -6.3016 Fe 8 

Hg  versus Fe    

Compared Fractions Mean Difference Leader Rank 

F1  versus F5 -2.5697 F5 3 

F2  versus F5 -2.6894 F5 1 

F4  versus F5 -2.5991 F5 2 

F5  versus F1 

        ,,        F2 

        ,,        F4  

2.5697 

2.6894 

2.5991 

 

 

F5 

3 

2 

2 
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APPENDIX II 

Univariate Analysis of Variance 

[DataSet1] C:\Dr. F.C. Eze\Desktop\ANOVA on Mean of metal fractions in the west axis

.sav 

 

 

 

 

 

 

 

 

 

Between-Subjects Factors 

  Value Label N 

Metals 1 Fe 5 

2 Mn 5 

3 Ni 5 

4 Pb 5 

5 Cd 4 

6 Co 5 

7 Zn 5 

8 Cr 5 

9 Cu 5 

10 As 5 

11 Mo 5 

12 Se 5 

13 Hg 2 

Fractions 1 F1 12 

2 F2 12 

3 F3 12 

4 F4 13 

5 F5 12 
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Tests of Between-Subjects Effects 

Dependent 

Variable:Observations 

    

Source 

Type III Sum 

of Squares df Mean Square F Sig. 

Corrected 

Model 
557.777

a
 16 34.861 3.803 .000 

Intercept 203.067 1 203.067 22.151 .000 

Metals 434.733 12 36.228 3.952 .000 

Fractions 120.180 4 30.045 3.277 .020 

Error 403.366 44 9.167   

Total 1200.589 61    

Corrected Total 961.143 60    

 

a. R Squared = .580 (Adjusted R Squared = .428) 

  

Post Hoc Tests 

Fractions 

Multiple Comparisons 

 

     

(I) 

Fractio

ns 

(J) 

Fractio

ns 

Mean 

Difference (I-

J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

F1 F2 -.3948 1.23608 .751 -2.8860 2.0963 

F3 -1.6828 1.23608 .180 -4.1740 .8083 

F4 -.2752 1.21208 .821 -2.7180 2.1676 

F5 -3.8474
*
 1.23608 .003 -6.3386 -1.3563 

F2 F1 .3948 1.23608 .751 -2.0963 2.8860 

F3 -1.2880 1.23608 .303 -3.7792 1.2032 

F4 .1196 1.21208 .922 -2.3232 2.5624 

F5 -3.4526
*
 1.23608 .008 -5.9437 -.9614 

F3 F1 1.6828 1.23608 .180 -.8083 4.1740 

F2 1.2880 1.23608 .303 -1.2032 3.7792 

F4 1.4076 1.21208 .252 -1.0352 3.8504 

F5 -2.1646 1.23608 .087 -4.6557 .3266 

F4 F1 .2752 1.21208 .821 -2.1676 2.7180 

F2 -.1196 1.21208 .922 -2.5624 2.3232 
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F3 -1.4076 1.21208 .252 -3.8504 1.0352 

F5 -3.5722
*
 1.21208 .005 -6.0150 -1.1294 

F5 F1 3.8474
*
 1.23608 .003 1.3563 6.3386 

F2 3.4526
*
 1.23608 .008 .9614 5.9437 

F3 2.1646 1.23608 .087 -.3266 4.6557 

F4 3.5722
*
 1.21208 .005 1.1294 6.0150 

Based on observed means. 

 The error term is Mean Square(Error) = 9.167. 

  

*. The mean difference is significant at the 0.05 level.  

 

 

Metals 

Multiple Comparisons 

Observation 

LSD 

     

(I) 

Metals 

(J) 

Metals 

Mean 

Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Fe Mn 6.6636
*
 1.91493 .001 2.8043 10.5229 

Ni 9.7998
*
 1.91493 .000 5.9405 13.6591 

Pb 7.4080
*
 1.91493 .000 3.5487 11.2673 

Cd 9.9900
*
 2.03109 .000 5.8966 14.0834 

Co 9.5388
*
 1.91493 .000 5.6795 13.3981 

Zn 9.0186
*
 1.91493 .000 5.1593 12.8779 

Cr 9.5014
*
 1.91493 .000 5.6421 13.3607 

Cu 9.8944
*
 1.91493 .000 6.0351 13.7537 

As 7.1946
*
 1.91493 .001 3.3353 11.0539 

Mo 9.9670
*
 1.91493 .000 6.1077 13.8263 

Se 8.9888
*
 1.91493 .000 5.1295 12.8481 

Hg 9.1990
*
 2.53322 .001 4.0936 14.3044 

Mn Fe -6.6636
*
 1.91493 .001 -10.5229 -2.8043 

Ni 3.1362 1.91493 .109 -.7231 6.9955 

Pb .7444 1.91493 .699 -3.1149 4.6037 

Cd 3.3264 2.03109 .109 -.7670 7.4198 

Co 2.8752 1.91493 .140 -.9841 6.7345 

Zn 2.3550 1.91493 .225 -1.5043 6.2143 

Cr 2.8378 1.91493 .145 -1.0215 6.6971 
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Cu 3.2308 1.91493 .099 -.6285 7.0901 

As .5310 1.91493 .783 -3.3283 4.3903 

Mo 3.3034 1.91493 .092 -.5559 7.1627 

Se 2.3252 1.91493 .231 -1.5341 6.1845 

Hg 2.5354 2.53322 .322 -2.5700 7.6408 

Ni Fe -9.7998
*
 1.91493 .000 -13.6591 -5.9405 

Mn -3.1362 1.91493 .109 -6.9955 .7231 

Pb -2.3918 1.91493 .218 -6.2511 1.4675 

Cd .1902 2.03109 .926 -3.9032 4.2836 

Co -.2610 1.91493 .892 -4.1203 3.5983 

Zn -.7812 1.91493 .685 -4.6405 3.0781 

Cr -.2984 1.91493 .877 -4.1577 3.5609 

Cu .0946 1.91493 .961 -3.7647 3.9539 

As -2.6052 1.91493 .181 -6.4645 1.2541 

Mo .1672 1.91493 .931 -3.6921 4.0265 

Se -.8110 1.91493 .674 -4.6703 3.0483 

Hg -.6008 2.53322 .814 -5.7062 4.5046 

Pb Fe -7.4080
*
 1.91493 .000 -11.2673 -3.5487 

Mn -.7444 1.91493 .699 -4.6037 3.1149 

Ni 2.3918 1.91493 .218 -1.4675 6.2511 

Cd 2.5820 2.03109 .210 -1.5114 6.6754 

Co 2.1308 1.91493 .272 -1.7285 5.9901 

Zn 1.6106 1.91493 .405 -2.2487 5.4699 

Cr 2.0934 1.91493 .280 -1.7659 5.9527 

Cu 2.4864 1.91493 .201 -1.3729 6.3457 

As -.2134 1.91493 .912 -4.0727 3.6459 

Mo 2.5590 1.91493 .188 -1.3003 6.4183 

Se 1.5808 1.91493 .414 -2.2785 5.4401 

Hg 1.7910 2.53322 .483 -3.3144 6.8964 

Cd Fe -9.9900
*
 2.03109 .000 -14.0834 -5.8966 

Mn -3.3264 2.03109 .109 -7.4198 .7670 

Ni -.1902 2.03109 .926 -4.2836 3.9032 

Pb -2.5820 2.03109 .210 -6.6754 1.5114 

Co -.4512 2.03109 .825 -4.5446 3.6422 

Zn -.9714 2.03109 .635 -5.0648 3.1220 

Cr -.4886 2.03109 .811 -4.5820 3.6048 

Cu -.0956 2.03109 .963 -4.1890 3.9978 

As -2.7954 2.03109 .176 -6.8888 1.2980 
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Mo -.0230 2.03109 .991 -4.1164 4.0704 

Se -1.0012 2.03109 .625 -5.0946 3.0922 

Hg -.7910 2.62213 .764 -6.0756 4.4936 

Co Fe -9.5388
*
 1.91493 .000 -13.3981 -5.6795 

Mn -2.8752 1.91493 .140 -6.7345 .9841 

Ni .2610 1.91493 .892 -3.5983 4.1203 

Pb -2.1308 1.91493 .272 -5.9901 1.7285 

Cd .4512 2.03109 .825 -3.6422 4.5446 

Zn -.5202 1.91493 .787 -4.3795 3.3391 

Cr -.0374 1.91493 .985 -3.8967 3.8219 

Cu .3556 1.91493 .854 -3.5037 4.2149 

As -2.3442 1.91493 .227 -6.2035 1.5151 

Mo .4282 1.91493 .824 -3.4311 4.2875 

Se -.5500 1.91493 .775 -4.4093 3.3093 

Hg -.3398 2.53322 .894 -5.4452 4.7656 

Zn Fe -9.0186
*
 1.91493 .000 -12.8779 -5.1593 

Mn -2.3550 1.91493 .225 -6.2143 1.5043 

Ni .7812 1.91493 .685 -3.0781 4.6405 

Pb -1.6106 1.91493 .405 -5.4699 2.2487 

Cd .9714 2.03109 .635 -3.1220 5.0648 

Co .5202 1.91493 .787 -3.3391 4.3795 

Cr .4828 1.91493 .802 -3.3765 4.3421 

Cu .8758 1.91493 .650 -2.9835 4.7351 

As -1.8240 1.91493 .346 -5.6833 2.0353 

Mo .9484 1.91493 .623 -2.9109 4.8077 

Se -.0298 1.91493 .988 -3.8891 3.8295 

Hg .1804 2.53322 .944 -4.9250 5.2858 

Cr Fe -9.5014
*
 1.91493 .000 -13.3607 -5.6421 

Mn -2.8378 1.91493 .145 -6.6971 1.0215 

Ni .2984 1.91493 .877 -3.5609 4.1577 

Pb -2.0934 1.91493 .280 -5.9527 1.7659 

Cd .4886 2.03109 .811 -3.6048 4.5820 

Co .0374 1.91493 .985 -3.8219 3.8967 

Zn -.4828 1.91493 .802 -4.3421 3.3765 

Cu .3930 1.91493 .838 -3.4663 4.2523 

As -2.3068 1.91493 .235 -6.1661 1.5525 

Mo .4656 1.91493 .809 -3.3937 4.3249 

Se -.5126 1.91493 .790 -4.3719 3.3467 
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Hg -.3024 2.53322 .906 -5.4078 4.8030 

Cu Fe -9.8944
*
 1.91493 .000 -13.7537 -6.0351 

Mn -3.2308 1.91493 .099 -7.0901 .6285 

Ni -.0946 1.91493 .961 -3.9539 3.7647 

Pb -2.4864 1.91493 .201 -6.3457 1.3729 

Cd .0956 2.03109 .963 -3.9978 4.1890 

Co -.3556 1.91493 .854 -4.2149 3.5037 

Zn -.8758 1.91493 .650 -4.7351 2.9835 

Cr -.3930 1.91493 .838 -4.2523 3.4663 

As -2.6998 1.91493 .166 -6.5591 1.1595 

Mo .0726 1.91493 .970 -3.7867 3.9319 

Se -.9056 1.91493 .639 -4.7649 2.9537 

Hg -.6954 2.53322 .785 -5.8008 4.4100 

As Fe -7.1946
*
 1.91493 .001 -11.0539 -3.3353 

Mn -.5310 1.91493 .783 -4.3903 3.3283 

Ni 2.6052 1.91493 .181 -1.2541 6.4645 

Pb .2134 1.91493 .912 -3.6459 4.0727 

Cd 2.7954 2.03109 .176 -1.2980 6.8888 

Co 2.3442 1.91493 .227 -1.5151 6.2035 

Zn 1.8240 1.91493 .346 -2.0353 5.6833 

Cr 2.3068 1.91493 .235 -1.5525 6.1661 

Cu 2.6998 1.91493 .166 -1.1595 6.5591 

Mo 2.7724 1.91493 .155 -1.0869 6.6317 

Se 1.7942 1.91493 .354 -2.0651 5.6535 

Hg 2.0044 2.53322 .433 -3.1010 7.1098 

Mo Fe -9.9670
*
 1.91493 .000 -13.8263 -6.1077 

Mn -3.3034 1.91493 .092 -7.1627 .5559 

Ni -.1672 1.91493 .931 -4.0265 3.6921 

Pb -2.5590 1.91493 .188 -6.4183 1.3003 

Cd .0230 2.03109 .991 -4.0704 4.1164 

Co -.4282 1.91493 .824 -4.2875 3.4311 

Zn -.9484 1.91493 .623 -4.8077 2.9109 

Cr -.4656 1.91493 .809 -4.3249 3.3937 

Cu -.0726 1.91493 .970 -3.9319 3.7867 

As -2.7724 1.91493 .155 -6.6317 1.0869 

Se -.9782 1.91493 .612 -4.8375 2.8811 

Hg -.7680 2.53322 .763 -5.8734 4.3374 

Se Fe -8.9888
*
 1.91493 .000 -12.8481 -5.1295 
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Mn -2.3252 1.91493 .231 -6.1845 1.5341 

Ni .8110 1.91493 .674 -3.0483 4.6703 

Pb -1.5808 1.91493 .414 -5.4401 2.2785 

Cd 1.0012 2.03109 .625 -3.0922 5.0946 

Co .5500 1.91493 .775 -3.3093 4.4093 

Zn .0298 1.91493 .988 -3.8295 3.8891 

Cr .5126 1.91493 .790 -3.3467 4.3719 

Cu .9056 1.91493 .639 -2.9537 4.7649 

As -1.7942 1.91493 .354 -5.6535 2.0651 

Mo .9782 1.91493 .612 -2.8811 4.8375 

Hg .2102 2.53322 .934 -4.8952 5.3156 

Hg Fe -9.1990
*
 2.53322 .001 -14.3044 -4.0936 

Mn -2.5354 2.53322 .322 -7.6408 2.5700 

Ni .6008 2.53322 .814 -4.5046 5.7062 

Pb -1.7910 2.53322 .483 -6.8964 3.3144 

Cd .7910 2.62213 .764 -4.4936 6.0756 

Co .3398 2.53322 .894 -4.7656 5.4452 

Zn -.1804 2.53322 .944 -5.2858 4.9250 

Cr .3024 2.53322 .906 -4.8030 5.4078 

Cu .6954 2.53322 .785 -4.4100 5.8008 

As -2.0044 2.53322 .433 -7.1098 3.1010 

Mo .7680 2.53322 .763 -4.3374 5.8734 

Se -.2102 2.53322 .934 -5.3156 4.8952 

Based on observed means. The error term is Mean 

Square(Error) = 9.167. *. The mean difference is 

significant at the 0.05 level. 

  

  

Summary of the multiple comparisons 

Compared metals Mean difference Leader Rank 

Fe versus Mn 

        ,,        Ni 

        ,,       Pb 

        ,,        Cd 

        ,,        Co 

        ,,       Zn 

        ,,       Cr 

        ,,       Cu 

        ,,       As 

        ,,       Mo 

6.6636 

9.7998 

7.4080 

9.9900 

9.5388 

9.0186 

9.5014 

9.8944 

7.1946 

9.9670 

Fe 12 
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        ,,       Se 

        ,,       Hg        

8.9888 

9.1990 

Mn  versus Fe -6.6636 Fe 12 

Ni  versus Fe -9.7998 Fe 4 

Pb  versus Fe -7.4080 Fe 10 

Cd  versus Fe -9.9900 Fe 1 

Co  versus Fe -9.5388 Fe 5 

Zn  versus Fe -9.0186 Fe 8 

Cr  versus Fe -9.5014 Fe 6 

Cu  versus Fe -9.8944 Fe 3 

As  versus Fe -7.1946 Fe 11 

Mo  versus Fe -9.9670 Fe 2 

Se  versus Fe -8.988 Fe 9 

Hg  versus Fe -9.1990 Fe 7 

UNIANOVA Observations BY Metals Fractions /CRITERIA=ALPHA(0.05) 

 /DESIGN=Metals Fractions. 

 

 

 

Summary of the multiple comparisons 

Compared fractions Mean difference Leader Rank 

F1  versus F4 -0.2752 F4 3 

F2  versus F5 -3.4526 F5 2 

F4  versus F5 -3.5722 F5 1 
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APPENDIX III 

Univariate Analysis of Variance 

[DataSet1] C:\Dr. F.C. Eze\Desktop\ANOVA on Mean of metal fractions in the north axi

s..sav 

Between-Subjects Factors 

  Value 

Label N 

Metals 1 Fe 5 

2 Mn 5 

3 Ni 4 

4 Pb 5 

5 Cd 4 

6 Co 5 

7 Zn 5 

8 Cr 4 

9 Cu 5 

10 As 5 

11 Mo 5 

12 Se 5 

13 Hg 2 

Fractions 1 F1 11 

2 F2 12 

3 F3 12 

4 F4 12 

5 F5 12 
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Tests of Between-Subjects Effects 

Dependent 

Variable:Observations 

    

Source 

Type III Sum 

of Squares df Mean Square F Sig. 

Corrected 

Model 
454.770

a
 16 28.423 3.453 .001 

Intercept 152.169 1 152.169 18.485 .000 

Metals 369.983 12 30.832 3.745 .001 

Fractions 88.453 4 22.113 2.686 .044 

Error 345.752 42 8.232   

Total 999.570 59    

Corrected Total 800.522 58    

a. R Squared = .568 (Adjusted R Squared = .404)   

 

Post Hoc Tests 

Fractions 

Multiple Comparisons 

Observations 

LSD 

     

(I) 

Fractio

ns 

(J) 

Fractions 

Mean 

Difference 

(I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

F1 F2 .0123 1.19766 .992 -2.4046 2.4293 

F3 -1.1501 1.19766 .342 -3.5671 1.2669 

F4 -.3197 1.19766 .791 -2.7367 2.0972 

F5 -3.1581
*
 1.19766 .012 -5.5751 -.7411 

F2 F1 -.0123 1.19766 .992 -2.4293 2.4046 

F3 -1.1624 1.17134 .327 -3.5263 1.2014 

F4 -.3321 1.17134 .778 -2.6959 2.0318 

F5 -3.1704
*
 1.17134 .010 -5.5343 -.8066 

F3 F1 1.1501 1.19766 .342 -1.2669 3.5671 

F2 1.1624 1.17134 .327 -1.2014 3.5263 

F4 .8303 1.17134 .482 -1.5335 3.1942 

F5 -2.0080 1.17134 .094 -4.3719 .3559 
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F4 F1 .3197 1.19766 .791 -2.0972 2.7367 

F2 .3321 1.17134 .778 -2.0318 2.6959 

F3 -.8303 1.17134 .482 -3.1942 1.5335 

F5 -2.8383
*
 1.17134 .020 -5.2022 -.4745 

F5 F1 3.1581
*
 1.19766 .012 .7411 5.5751 

F2 3.1704
*
 1.17134 .010 .8066 5.5343 

F3 2.0080 1.17134 .094 -.3559 4.3719 

F4 2.8383
*
 1.17134 .020 .4745 5.2022 

Based on observed means. 

 The error term is Mean Square(Error) = 8.232. 

  

*. The mean difference is significant at the 0.05 level.  

 

Metals 

Multiple Comparisons 

Observations 

LSD 

     

(I) 

Metals 

(J) 

Metals 

Mean 

Difference (I-

J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Fe Mn 6.9642
*
 1.81463 .000 3.3021 10.6263 

Ni 9.2126
*
 1.92470 .000 5.3284 13.0968 

Pb 6.6580
*
 1.81463 .001 2.9959 10.3201 

Cd 9.3034
*
 1.92470 .000 5.4191 13.1876 

Co 8.9762
*
 1.81463 .000 5.3141 12.6383 

Zn 8.7376
*
 1.81463 .000 5.0755 12.3997 

Cr 8.8464
*
 1.92470 .000 4.9621 12.7306 

Cu 9.2266
*
 1.81463 .000 5.5645 12.8887 

As 6.8776
*
 1.81463 .000 3.2155 10.5397 

Mo 8.8420
*
 1.81463 .000 5.1799 12.5041 

Se 8.0428
*
 1.81463 .000 4.3807 11.7049 

Hg 8.6876
*
 2.40053 .001 3.8431 13.5321 

Mn Fe -6.9642
*
 1.81463 .000 -10.6263 -3.3021 

Ni 2.2484 1.92470 .249 -1.6358 6.1326 

Pb -.3062 1.81463 .867 -3.9683 3.3559 

Cd 2.3392 1.92470 .231 -1.5451 6.2234 

Co 2.0120 1.81463 .274 -1.6501 5.6741 

Zn 1.7734 1.81463 .334 -1.8887 5.4355 
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Cr 1.8822 1.92470 .334 -2.0021 5.7664 

Cu 2.2624 1.81463 .219 -1.3997 5.9245 

As -.0866 1.81463 .962 -3.7487 3.5755 

Mo 1.8778 1.81463 .307 -1.7843 5.5399 

Se 1.0786 1.81463 .555 -2.5835 4.7407 

Hg 1.7234 2.40053 .477 -3.1211 6.5679 

Ni Fe -9.2126
*
 1.92470 .000 -13.0968 -5.3284 

Mn -2.2484 1.92470 .249 -6.1326 1.6358 

Pb -2.5546 1.92470 .192 -6.4388 1.3296 

Cd .0908 2.02882 .965 -4.0036 4.1851 

Co -.2364 1.92470 .903 -4.1206 3.6478 

Zn -.4750 1.92470 .806 -4.3592 3.4092 

Cr -.3662 2.02882 .858 -4.4606 3.7281 

Cu .0140 1.92470 .994 -3.8702 3.8982 

As -2.3350 1.92470 .232 -6.2192 1.5492 

Mo -.3706 1.92470 .848 -4.2548 3.5136 

Se -1.1698 1.92470 .547 -5.0540 2.7144 

Hg -.5250 2.48478 .834 -5.5395 4.4895 

Pb Fe -6.6580
*
 1.81463 .001 -10.3201 -2.9959 

Mn .3062 1.81463 .867 -3.3559 3.9683 

Ni 2.5546 1.92470 .192 -1.3296 6.4388 

Cd 2.6454 1.92470 .177 -1.2389 6.5296 

Co 2.3182 1.81463 .208 -1.3439 5.9803 

Zn 2.0796 1.81463 .258 -1.5825 5.7417 

Cr 2.1884 1.92470 .262 -1.6959 6.0726 

Cu 2.5686 1.81463 .164 -1.0935 6.2307 

As .2196 1.81463 .904 -3.4425 3.8817 

Mo 2.1840 1.81463 .236 -1.4781 5.8461 

Se 1.3848 1.81463 .450 -2.2773 5.0469 

Hg 2.0296 2.40053 .403 -2.8149 6.8741 

Cd Fe -9.3034
*
 1.92470 .000 -13.1876 -5.4191 

Mn -2.3392 1.92470 .231 -6.2234 1.5451 

Ni -.0908 2.02882 .965 -4.1851 4.0036 

Pb -2.6454 1.92470 .177 -6.5296 1.2389 

Co -.3272 1.92470 .866 -4.2114 3.5571 

Zn -.5658 1.92470 .770 -4.4500 3.3185 

Cr -.4570 2.02882 .823 -4.5513 3.6373 

Cu -.0768 1.92470 .968 -3.9610 3.8075 
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As -2.4258 1.92470 .215 -6.3100 1.4585 

Mo -.4614 1.92470 .812 -4.3456 3.4229 

Se -1.2606 1.92470 .516 -5.1448 2.6237 

Hg -.6158 2.48478 .805 -5.6302 4.3987 

Co Fe -8.9762
*
 1.81463 .000 -12.6383 -5.3141 

Mn -2.0120 1.81463 .274 -5.6741 1.6501 

Ni .2364 1.92470 .903 -3.6478 4.1206 

Pb -2.3182 1.81463 .208 -5.9803 1.3439 

Cd .3272 1.92470 .866 -3.5571 4.2114 

Zn -.2386 1.81463 .896 -3.9007 3.4235 

Cr -.1298 1.92470 .947 -4.0141 3.7544 

Cu .2504 1.81463 .891 -3.4117 3.9125 

As -2.0986 1.81463 .254 -5.7607 1.5635 

Mo -.1342 1.81463 .941 -3.7963 3.5279 

Se -.9334 1.81463 .610 -4.5955 2.7287 

Hg -.2886 2.40053 .905 -5.1331 4.5559 

Zn Fe -8.7376
*
 1.81463 .000 -12.3997 -5.0755 

Mn -1.7734 1.81463 .334 -5.4355 1.8887 

Ni .4750 1.92470 .806 -3.4092 4.3592 

Pb -2.0796 1.81463 .258 -5.7417 1.5825 

Cd .5658 1.92470 .770 -3.3185 4.4500 

Co .2386 1.81463 .896 -3.4235 3.9007 

Cr .1088 1.92470 .955 -3.7755 3.9930 

Cu .4890 1.81463 .789 -3.1731 4.1511 

As -1.8600 1.81463 .311 -5.5221 1.8021 

Mo .1044 1.81463 .954 -3.5577 3.7665 

Se -.6948 1.81463 .704 -4.3569 2.9673 

Hg -.0500 2.40053 .983 -4.8945 4.7945 

Cr Fe -8.8464
*
 1.92470 .000 -12.7306 -4.9621 

Mn -1.8822 1.92470 .334 -5.7664 2.0021 

Ni .3662 2.02882 .858 -3.7281 4.4606 

Pb -2.1884 1.92470 .262 -6.0726 1.6959 

Cd .4570 2.02882 .823 -3.6373 4.5513 

Co .1298 1.92470 .947 -3.7544 4.0141 

Zn -.1088 1.92470 .955 -3.9930 3.7755 

Cu .3802 1.92470 .844 -3.5040 4.2645 

As -1.9688 1.92470 .312 -5.8530 1.9155 

Mo -.0044 1.92470 .998 -3.8886 3.8799 
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Se -.8036 1.92470 .678 -4.6878 3.0807 

Hg -.1588 2.48478 .949 -5.1732 4.8557 

Cu Fe -9.2266
*
 1.81463 .000 -12.8887 -5.5645 

Mn -2.2624 1.81463 .219 -5.9245 1.3997 

Ni -.0140 1.92470 .994 -3.8982 3.8702 

Pb -2.5686 1.81463 .164 -6.2307 1.0935 

Cd .0768 1.92470 .968 -3.8075 3.9610 

Co -.2504 1.81463 .891 -3.9125 3.4117 

Zn -.4890 1.81463 .789 -4.1511 3.1731 

Cr -.3802 1.92470 .844 -4.2645 3.5040 

As -2.3490 1.81463 .203 -6.0111 1.3131 

Mo -.3846 1.81463 .833 -4.0467 3.2775 

Se -1.1838 1.81463 .518 -4.8459 2.4783 

Hg -.5390 2.40053 .823 -5.3835 4.3055 

As Fe -6.8776
*
 1.81463 .000 -10.5397 -3.2155 

Mn .0866 1.81463 .962 -3.5755 3.7487 

Ni 2.3350 1.92470 .232 -1.5492 6.2192 

Pb -.2196 1.81463 .904 -3.8817 3.4425 

Cd 2.4258 1.92470 .215 -1.4585 6.3100 

Co 2.0986 1.81463 .254 -1.5635 5.7607 

Zn 1.8600 1.81463 .311 -1.8021 5.5221 

Cr 1.9688 1.92470 .312 -1.9155 5.8530 

Cu 2.3490 1.81463 .203 -1.3131 6.0111 

Mo 1.9644 1.81463 .285 -1.6977 5.6265 

Se 1.1652 1.81463 .524 -2.4969 4.8273 

Hg 1.8100 2.40053 .455 -3.0345 6.6545 

Mo Fe -8.8420
*
 1.81463 .000 -12.5041 -5.1799 

Mn -1.8778 1.81463 .307 -5.5399 1.7843 

Ni .3706 1.92470 .848 -3.5136 4.2548 

Pb -2.1840 1.81463 .236 -5.8461 1.4781 

Cd .4614 1.92470 .812 -3.4229 4.3456 

Co .1342 1.81463 .941 -3.5279 3.7963 

Zn -.1044 1.81463 .954 -3.7665 3.5577 

Cr .0044 1.92470 .998 -3.8799 3.8886 

Cu .3846 1.81463 .833 -3.2775 4.0467 

As -1.9644 1.81463 .285 -5.6265 1.6977 

Se -.7992 1.81463 .662 -4.4613 2.8629 

Hg -.1544 2.40053 .949 -4.9989 4.6901 
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Se Fe -8.0428
*
 1.81463 .000 -11.7049 -4.3807 

Mn -1.0786 1.81463 .555 -4.7407 2.5835 

Ni 1.1698 1.92470 .547 -2.7144 5.0540 

Pb -1.3848 1.81463 .450 -5.0469 2.2773 

Cd 1.2606 1.92470 .516 -2.6237 5.1448 

Co .9334 1.81463 .610 -2.7287 4.5955 

Zn .6948 1.81463 .704 -2.9673 4.3569 

Cr .8036 1.92470 .678 -3.0807 4.6878 

Cu 1.1838 1.81463 .518 -2.4783 4.8459 

As -1.1652 1.81463 .524 -4.8273 2.4969 

Mo .7992 1.81463 .662 -2.8629 4.4613 

Hg .6448 2.40053 .790 -4.1997 5.4893 

Hg Fe -8.6876
*
 2.40053 .001 -13.5321 -3.8431 

Mn -1.7234 2.40053 .477 -6.5679 3.1211 

Ni .5250 2.48478 .834 -4.4895 5.5395 

Pb -2.0296 2.40053 .403 -6.8741 2.8149 

Cd .6158 2.48478 .805 -4.3987 5.6302 

Co .2886 2.40053 .905 -4.5559 5.1331 

Zn .0500 2.40053 .983 -4.7945 4.8945 

Cr .1588 2.48478 .949 -4.8557 5.1732 

Cu .5390 2.40053 .823 -4.3055 5.3835 

As -1.8100 2.40053 .455 -6.6545 3.0345 

Mo .1544 2.40053 .949 -4.6901 4.9989 

Se -.6448 2.40053 .790 -5.4893 4.1997 

Based on observed means. 

 The error term is Mean Square(Error) = 8.232. 

  

*. The mean difference is significant at the 0.05 level.  

 

Summary of the multiple comparisons 

Compared fractions Mean difference Leader Rank 

F1  versus F5 -3.1581 F5 3 

F2  versus F5 -3.1704 F5 2 

F4  versus F5 -3.8383 F5 1 

F5  versus F1 

        ,,        F2 

        ,,        F4  

3.1581 

3.1704 

2.8383 

 

 

F5 

 

 

4 
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Summary of the multiple comparisons 

Compared metals Mean difference Leader Rank 

Fe versus Mn 

        ,,        Ni 

        ,,       Pb 

        ,,        Cd 

        ,,        Co 

        ,,       Zn 

        ,,       Cr 

        ,,       Cu 

        ,,       As 

        ,,       Mo 

        ,,       Se 

        ,,       Hg        

6.9642 

9.2126 

6.6580 

9.3034 

8.9762 

8.7376 

8.8464 

9.2266 

6.8776 

8.8420 

8.0428 

8.6876 

 

 

Fe 

 

 

 

 

 

 

 

 

12 

Mn  versus Fe -6.9642 Fe 10 

Ni  versus Fe -9.2126 Fe 2 

Pb  versus Fe -6.6580 Fe 12 

Cd  versus Fe -9.3034 Fe 1 

Co  versus Fe -8.9762 Fe 4 

Zn  versus Fe -8.7376 Fe 7 

Cr  versus Fe -8.8464 Fe 5 

Cu  versus Fe -9.2266 Fe 2 

As  versus Fe -6.8776 Fe 11 

Mo  versus Fe -8.8420 Fe 6 

Se  versus Fe -8.0428 Fe 9 

Hg  versus Fe -8.6876 Fe 8 
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APPENDIX IV 

UNIANOVA Observations BY Metals Fractions 

  /CRITERIA=ALPHA(0.05) 

  /DESIGN=Metals Fractions. 

 

Univariate Analysis of Variance 

[DataSet1] C: 

\Dr. F.C. Eze\Desktop\ANOVA on Mean of metal fractions in the south axis..sav 

Between-Subjects Factors 

  Value Label N 

Metals 1 Fe 5 

2 Mn 5 

3 Ni 5 

4 Pb 5 

5 Cd 5 

6 Co 5 

7 Zn 5 

8 Cr 4 

9 Cu 5 

10 As 5 

11 Mo 5 

12 Se 5 

13 Hg 2 

Fractions 1 F1 12 

2 F2 12 

3 F3 11 

4 F4 13 

5 F5 13 
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Tests of Between-Subjects Effects 

Dependent 

Variable:Observations 

    

Source 

Type III Sum 

of Squares df Mean Square F Sig. 

Corrected 

Model 
398.163

a
 16 24.885 3.771 .000 

Intercept 131.664 1 131.664 19.950 .000 

Metals 325.842 12 27.154 4.114 .000 

Fractions 73.823 4 18.456 2.796 .037 

Error 290.384 44 6.600   

Total 847.342 61    

Corrected Total 688.547 60    

a. R Squared = .578 (Adjusted R Squared = .425)   

 

Post Hoc Tests 

Fractions 

Multiple Comparisons 

Observations 

LSD 

     

(I) 

Fractio

ns 

(J) 

Fractions 

Mean 

Difference 

(I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

F1 F2 -.4514 1.04878 .669 -2.5651 1.6623 

F3 -1.8411 1.07235 .093 -4.0022 .3201 

F4 -.3496 1.02841 .736 -2.4222 1.7231 

F5 -2.8407
*
 1.02841 .008 -4.9133 -.7681 

F2 F1 .4514 1.04878 .669 -1.6623 2.5651 

F3 -1.3897 1.07235 .202 -3.5508 .7715 

F4 .1019 1.02841 .922 -1.9708 2.1745 

F5 -2.3893
*
 1.02841 .025 -4.4619 -.3167 

F3 F1 1.8411 1.07235 .093 -.3201 4.0022 

F2 1.3897 1.07235 .202 -.7715 3.5508 

F4 1.4915 1.05244 .163 -.6295 3.6126 

F5 -.9996 1.05244 .347 -3.1207 1.1214 

F4 F1 .3496 1.02841 .736 -1.7231 2.4222 
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F2 -.1019 1.02841 .922 -2.1745 1.9708 

F3 -1.4915 1.05244 .163 -3.6126 .6295 

F5 -2.4912
*
 1.00763 .017 -4.5219 -.4604 

F5 F1 2.8407
*
 1.02841 .008 .7681 4.9133 

F2 2.3893
*
 1.02841 .025 .3167 4.4619 

F3 .9996 1.05244 .347 -1.1214 3.1207 

F4 2.4912
*
 1.00763 .017 .4604 4.5219 

Based on observed means. 

 The error term is Mean Square(Error) = 6.600. 

  

*. The mean difference is significant at the 0.05 level.  

 

 

Summary of the multiple comparisons 

Compared fractions Mean difference Leader Rank 

F1  versus F5 -2.8407 F5 2 

F2  versus F5 -2.3893 F5 3 

F4  versus F5 -2.3893 F5 3 

F5  versus F1 

        ,,        F2 

        ,,        F4  

2.8407 

2.3893 

2.4912 

 

F5 

 

 

1 

 

 

 

Metals 

Multiple Comparisons 

Observations LSD      

(I) 

Metals (J) Metals 

Mean 

Difference 

(I-J) 

Std. 

Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Fe Mn 6.5258
*
 1.62476 .000 3.2513 9.8003 

Ni 8.5256
*
 1.62476 .000 5.2511 11.8001 

Pb 6.2524
*
 1.62476 .000 2.9779 9.5269 

Cd 8.2898
*
 1.62476 .000 5.0153 11.5643 

Co 8.4604
*
 1.62476 .000 5.1859 11.7349 

Zn 8.1700
*
 1.62476 .000 4.8955 11.4445 

Cr 7.9494
*
 1.72332 .000 4.4763 11.4225 

Cu 8.5512
*
 1.62476 .000 5.2767 11.8257 
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As 5.9702
*
 1.62476 .001 2.6957 9.2447 

Mo 8.5482
*
 1.62476 .000 5.2737 11.8227 

Se 7.8554
*
 1.62476 .000 4.5809 11.1299 

Hg 8.0214
*
 2.14936 .001 3.6897 12.3531 

Mn Fe -6.5258
*
 1.62476 .000 -9.8003 -3.2513 

Ni 1.9998 1.62476 .225 -1.2747 5.2743 

Pb -.2734 1.62476 .867 -3.5479 3.0011 

Cd 1.7640 1.62476 .284 -1.5105 5.0385 

Co 1.9346 1.62476 .240 -1.3399 5.2091 

Zn 1.6442 1.62476 .317 -1.6303 4.9187 

Cr 1.4236 1.72332 .413 -2.0495 4.8967 

Cu 2.0254 1.62476 .219 -1.2491 5.2999 

As -.5556 1.62476 .734 -3.8301 2.7189 

Mo 2.0224 1.62476 .220 -1.2521 5.2969 

Se 1.3296 1.62476 .418 -1.9449 4.6041 

Hg 1.4956 2.14936 .490 -2.8361 5.8273 

Ni Fe -8.5256
*
 1.62476 .000 -11.8001 -5.2511 

Mn -1.9998 1.62476 .225 -5.2743 1.2747 

Pb -2.2732 1.62476 .169 -5.5477 1.0013 

Cd -.2358 1.62476 .885 -3.5103 3.0387 

Co -.0652 1.62476 .968 -3.3397 3.2093 

Zn -.3556 1.62476 .828 -3.6301 2.9189 

Cr -.5762 1.72332 .740 -4.0493 2.8969 

Cu .0256 1.62476 .988 -3.2489 3.3001 

As -2.5554 1.62476 .123 -5.8299 .7191 

Mo .0226 1.62476 .989 -3.2519 3.2971 

Se -.6702 1.62476 .682 -3.9447 2.6043 

Hg -.5042 2.14936 .816 -4.8359 3.8275 

Pb Fe -6.2524
*
 1.62476 .000 -9.5269 -2.9779 

Mn .2734 1.62476 .867 -3.0011 3.5479 

Ni 2.2732 1.62476 .169 -1.0013 5.5477 

Cd 2.0374 1.62476 .216 -1.2371 5.3119 

Co 2.2080 1.62476 .181 -1.0665 5.4825 

Zn 1.9176 1.62476 .244 -1.3569 5.1921 

Cr 1.6970 1.72332 .330 -1.7761 5.1701 

Cu 2.2988 1.62476 .164 -.9757 5.5733 

As -.2822 1.62476 .863 -3.5567 2.9923 

Mo 2.2958 1.62476 .165 -.9787 5.5703 
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Se 1.6030 1.62476 .329 -1.6715 4.8775 

Hg 1.7690 2.14936 .415 -2.5627 6.1007 

Cd Fe -8.2898
*
 1.62476 .000 -11.5643 -5.0153 

Mn -1.7640 1.62476 .284 -5.0385 1.5105 

Ni .2358 1.62476 .885 -3.0387 3.5103 

Pb -2.0374 1.62476 .216 -5.3119 1.2371 

Co .1706 1.62476 .917 -3.1039 3.4451 

Zn -.1198 1.62476 .942 -3.3943 3.1547 

Cr -.3404 1.72332 .844 -3.8135 3.1327 

Cu .2614 1.62476 .873 -3.0131 3.5359 

As -2.3196 1.62476 .160 -5.5941 .9549 

Mo .2584 1.62476 .874 -3.0161 3.5329 

Se -.4344 1.62476 .790 -3.7089 2.8401 

Hg -.2684 2.14936 .901 -4.6001 4.0633 

Co Fe -8.4604
*
 1.62476 .000 -11.7349 -5.1859 

Mn -1.9346 1.62476 .240 -5.2091 1.3399 

Ni .0652 1.62476 .968 -3.2093 3.3397 

Pb -2.2080 1.62476 .181 -5.4825 1.0665 

Cd -.1706 1.62476 .917 -3.4451 3.1039 

Zn -.2904 1.62476 .859 -3.5649 2.9841 

Cr -.5110 1.72332 .768 -3.9841 2.9621 

Cu .0908 1.62476 .956 -3.1837 3.3653 

As -2.4902 1.62476 .133 -5.7647 .7843 

Mo .0878 1.62476 .957 -3.1867 3.3623 

Se -.6050 1.62476 .711 -3.8795 2.6695 

Hg -.4390 2.14936 .839 -4.7707 3.8927 

Zn Fe -8.1700
*
 1.62476 .000 -11.4445 -4.8955 

Mn -1.6442 1.62476 .317 -4.9187 1.6303 

Ni .3556 1.62476 .828 -2.9189 3.6301 

Pb -1.9176 1.62476 .244 -5.1921 1.3569 

Cd .1198 1.62476 .942 -3.1547 3.3943 

Co .2904 1.62476 .859 -2.9841 3.5649 

Cr -.2206 1.72332 .899 -3.6937 3.2525 

Cu .3812 1.62476 .816 -2.8933 3.6557 

As -2.1998 1.62476 .183 -5.4743 1.0747 

Mo .3782 1.62476 .817 -2.8963 3.6527 

Se -.3146 1.62476 .847 -3.5891 2.9599 

Hg -.1486 2.14936 .945 -4.4803 4.1831 
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Cr Fe -7.9494
*
 1.72332 .000 -11.4225 -4.4763 

Mn -1.4236 1.72332 .413 -4.8967 2.0495 

Ni .5762 1.72332 .740 -2.8969 4.0493 

Pb -1.6970 1.72332 .330 -5.1701 1.7761 

Cd .3404 1.72332 .844 -3.1327 3.8135 

Co .5110 1.72332 .768 -2.9621 3.9841 

Zn .2206 1.72332 .899 -3.2525 3.6937 

Cu .6018 1.72332 .729 -2.8713 4.0749 

As -1.9792 1.72332 .257 -5.4523 1.4939 

Mo .5988 1.72332 .730 -2.8743 4.0719 

Se -.0940 1.72332 .957 -3.5671 3.3791 

Hg .0720 2.22480 .974 -4.4118 4.5558 

Cu Fe -8.5512
*
 1.62476 .000 -11.8257 -5.2767 

Mn -2.0254 1.62476 .219 -5.2999 1.2491 

Ni -.0256 1.62476 .988 -3.3001 3.2489 

Pb -2.2988 1.62476 .164 -5.5733 .9757 

Cd -.2614 1.62476 .873 -3.5359 3.0131 

Co -.0908 1.62476 .956 -3.3653 3.1837 

Zn -.3812 1.62476 .816 -3.6557 2.8933 

Cr -.6018 1.72332 .729 -4.0749 2.8713 

As -2.5810 1.62476 .119 -5.8555 .6935 

Mo -.0030 1.62476 .999 -3.2775 3.2715 

Se -.6958 1.62476 .671 -3.9703 2.5787 

Hg -.5298 2.14936 .806 -4.8615 3.8019 

As Fe -5.9702
*
 1.62476 .001 -9.2447 -2.6957 

Mn .5556 1.62476 .734 -2.7189 3.8301 

Ni 2.5554 1.62476 .123 -.7191 5.8299 

Pb .2822 1.62476 .863 -2.9923 3.5567 

Cd 2.3196 1.62476 .160 -.9549 5.5941 

Co 2.4902 1.62476 .133 -.7843 5.7647 

Zn 2.1998 1.62476 .183 -1.0747 5.4743 

Cr 1.9792 1.72332 .257 -1.4939 5.4523 

Cu 2.5810 1.62476 .119 -.6935 5.8555 

Mo 2.5780 1.62476 .120 -.6965 5.8525 

Se 1.8852 1.62476 .252 -1.3893 5.1597 

Hg 2.0512 2.14936 .345 -2.2805 6.3829 

Mo Fe -8.5482
*
 1.62476 .000 -11.8227 -5.2737 

Mn -2.0224 1.62476 .220 -5.2969 1.2521 
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Ni -.0226 1.62476 .989 -3.2971 3.2519 

Pb -2.2958 1.62476 .165 -5.5703 .9787 

Cd -.2584 1.62476 .874 -3.5329 3.0161 

Co -.0878 1.62476 .957 -3.3623 3.1867 

Zn -.3782 1.62476 .817 -3.6527 2.8963 

Cr -.5988 1.72332 .730 -4.0719 2.8743 

Cu .0030 1.62476 .999 -3.2715 3.2775 

As -2.5780 1.62476 .120 -5.8525 .6965 

Se -.6928 1.62476 .672 -3.9673 2.5817 

Hg -.5268 2.14936 .808 -4.8585 3.8049 

Se Fe -7.8554
*
 1.62476 .000 -11.1299 -4.5809 

Mn -1.3296 1.62476 .418 -4.6041 1.9449 

Ni .6702 1.62476 .682 -2.6043 3.9447 

Pb -1.6030 1.62476 .329 -4.8775 1.6715 

Cd .4344 1.62476 .790 -2.8401 3.7089 

Co .6050 1.62476 .711 -2.6695 3.8795 

Zn .3146 1.62476 .847 -2.9599 3.5891 

Cr .0940 1.72332 .957 -3.3791 3.5671 

Cu .6958 1.62476 .671 -2.5787 3.9703 

As -1.8852 1.62476 .252 -5.1597 1.3893 

Mo .6928 1.62476 .672 -2.5817 3.9673 

Hg .1660 2.14936 .939 -4.1657 4.4977 

Hg Fe -8.0214
*
 2.14936 .001 -12.3531 -3.6897 

Mn -1.4956 2.14936 .490 -5.8273 2.8361 

Ni .5042 2.14936 .816 -3.8275 4.8359 

Pb -1.7690 2.14936 .415 -6.1007 2.5627 

Cd .2684 2.14936 .901 -4.0633 4.6001 

Co .4390 2.14936 .839 -3.8927 4.7707 

Zn .1486 2.14936 .945 -4.1831 4.4803 

Cr -.0720 2.22480 .974 -4.5558 4.4118 

Cu .5298 2.14936 .806 -3.8019 4.8615 

As -2.0512 2.14936 .345 -6.3829 2.2805 

Mo .5268 2.14936 .808 -3.8049 4.8585 

Se -.1660 2.14936 .939 -4.4977 4.1657 

Based on observed means. 

 The error term is Mean Square(Error) = 6.600. 

  

*. The mean difference is significant at the 0.05 level.  
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Summary of the Multiple Comparisons 

Compared metals Mean difference Leader Rank 

Fe versus Mn 

        ,,        Ni 

        ,,       Pb 

        ,,        Cd 

        ,,        Co 

        ,,       Zn 

        ,,       Cr 

        ,,       Cu 

        ,,       As 

        ,,       Mo 

        ,,       Se 

        ,,       Hg        

6.5258 

8.5256 

6.2524 

8.2898 

8.4604 

8.1700 

7.9494 

8.5512 

5.9702 

8.5482 

7.8554 

8.0214 

 

 

Fe 

 

 

 

 

 

 

 

 

11 

Mn  versus Fe -6.5258 Fe 10 

Ni  versus Fe -8.5256 Fe 3 

Pb  versus Fe -6.2524 Fe 12 

Cd  versus Fe -8.2898 Fe 5 

Co  versus Fe -8.4604 Fe 4 

Zn  versus Fe -8.1700 Fe 6 

Cr  versus Fe -7.9494 Fe 8 

Cu  versus Fe -8.5512 Fe 1 

As  versus Fe -5.9702 Fe 13 

Mo  versus Fe -8.5482 Fe 2 

Se  versus Fe -7.8554 Fe 9 

Hg  versus Fe -8.0214 Fe 7 
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APPENDIX V 

CORRELATIONS OF Fe IN THE SOIL OF THE FOUR AXES 

Correlations 

  Fe East Fe West Fe North Fe south 

Fe East Pearson Correlation 1 .995
**

 .991
**

 .994
**

 

Sig. (2-tailed)  .000 .001 .001 

N 5 5 5 5 

Fe West Pearson Correlation .995
**

 1 .990
**

 .999
**

 

Sig. (2-tailed) .000  .001 .000 

N 5 5 5 5 

Fe North Pearson Correlation .991
**

 .990
**

 1 .983
**

 

Sig. (2-tailed) .001 .001  .003 

N 5 5 5 5 

Fe south Pearson Correlation .994
**

 .999
**

 .983
**

 1 

Sig. (2-tailed) .001 .000 .003  

N 5 5 5 5 

**. Correlation is significant at the 0.01 level (2-tailed).  

 

APPENDIX VI 

CORRELATIONS OF Mn IN THE SOIL OF THEFOUR AXES 

Correlations 

  Mn east Mn west Mn North Mn South 

Mn east Pearson Correlation 1 .989
**

 .993
**

 .995
**

 

Sig. (2-tailed)  .001 .001 .000 

N 5 5 5 5 

Mn west Pearson Correlation .989
**

 1 1.000
**

 .998
**

 

Sig. (2-tailed) .001  .000 .000 

N 5 5 5 5 

Mn North Pearson Correlation .993
**

 1.000
**

 1 .999
**

 

Sig. (2-tailed) .001 .000  .000 

N 5 5 5 5 

Mn South Pearson Correlation .995
**

 .998
**

 .999
**

 1 

Sig. (2-tailed) .000 .000 .000  

N 5 5 5 5 

**. Correlation is significant at the 0.01 level (2-tailed). 
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APPENDIX VII 

CORRELATIONS OF Ni IN THE SOIL OF THEFOUR AXES 

Correlations 

  Ni East Ni West Ni North Ni South 

Ni East Pearson Correlation 1 .975
*
 .996

**
 .995

**
 

Sig. (2-tailed)  .025 .004 .005 

N 4 4 4 4 

Ni West Pearson Correlation .975
*
 1 .963

*
 .961

**
 

Sig. (2-tailed) .025  .037 .009 

N 4 5 4 5 

Ni North Pearson Correlation .996
**

 .963
*
 1 1.000

**
 

Sig. (2-tailed) .004 .037  .000 

N 4 4 4 4 

Ni South Pearson Correlation .995
**

 .961
**

 1.000
**

 1 

Sig. (2-tailed) .005 .009 .000  

N 4 5 4 5 

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

**. Correlation is significant at the 0.01 level (2-tailed).  

 

APPENDIX VIII 

CORRELATIONS OF Pb IN THE SOIL OF THEFOUR AXES 

Correlations 

  Pb East Pb West Pb North Pb South 

Pb East Pearson Correlation 1 .901
*
 .971

**
 .771 

Sig. (2-tailed)  .037 .006 .127 

N 5 5 5 5 

Pb West Pearson Correlation .901
*
 1 .905

*
 .919

*
 

Sig. (2-tailed) .037  .035 .027 

N 5 5 5 5 

Pb North Pearson Correlation .971
**

 .905
*
 1 .773 

Sig. (2-tailed) .006 .035  .125 

N 5 5 5 5 

Pb South Pearson Correlation .771 .919
*
 .773 1 

Sig. (2-tailed) .127 .027 .125  

N 5 5 5 5 

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

**. Correlation is significant at the 0.01 level (2-tailed).  
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APPENDIX IX 

CORRELATIONS OF Cd IN THE SOIL OF THEFOUR AXES 

Correlations 

  Cd East Cd West Cd North Cd South 

Cd East Pearson Correlation 1 .940 .998
**

 -.819 

Sig. (2-tailed)  .060 .002 .181 

N 4 4 4 4 

Cd West Pearson Correlation .940 1 .929 -.954
*
 

Sig. (2-tailed) .060  .071 .046 

N 4 4 4 4 

Cd North Pearson Correlation .998
**

 .929 1 -.814 

Sig. (2-tailed) .002 .071  .186 

N 4 4 4 4 

Cd South Pearson Correlation -.819 -.954
*
 -.814 1 

Sig. (2-tailed) .181 .046 .186  

N 4 4 4 5 

**. Correlation is significant at the 0.01 level (2-tailed).  

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

 

 

APPENDIX X 

CORRELATIONS OF Co IN THE SOIL OF THEFOUR AXES 

Correlations 

  Co East  Co West Co North Co South 

Co East  Pearson Correlation 1 .997
**

 .996
**

 .734 

Sig. (2-tailed)  .000 .000 .158 

N 5 5 5 5 

Co West Pearson Correlation .997
**

 1 .991
**

 .699 

Sig. (2-tailed) .000  .001 .189 

N 5 5 5 5 

Co North Pearson Correlation .996
**

 .991
**

 1 .790 

Sig. (2-tailed) .000 .001  .112 

N 5 5 5 5 

Co South Pearson Correlation .734 .699 .790 1 

Sig. (2-tailed) .158 .189 .112  

N 5 5 5 5 

**. Correlation is significant at the 0.01 level (2-tailed).  
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APPENDIX XI 

CORRELATIONS OF Zn IN THE SOIL OF THEFOUR AXES 

Correlations 

  Zn East Zn West Zn North Zn South 

Zn East Pearson Correlation 1 .975
**

 .927
*
 .888

*
 

Sig. (2-tailed)  .005 .023 .044 

N 5 5 5 5 

Zn West Pearson Correlation .975
**

 1 .981
**

 .791 

Sig. (2-tailed) .005  .003 .111 

N 5 5 5 5 

Zn North Pearson Correlation .927
*
 .981

**
 1 .748 

Sig. (2-tailed) .023 .003  .146 

N 5 5 5 5 

Zn South Pearson Correlation .888
*
 .791 .748 1 

Sig. (2-tailed) .044 .111 .146  

N 5 5 5 5 

**. Correlation is significant at the 0.01 level (2-tailed).  

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

 

 

APPENDIX XII 

CORRELATIONS OF Cr IN THE SOIL OF THE FOUR AXES 

Correlations 

  Cr East Cr West Cr North Cr South 

Cr East Pearson Correlation 1 .998** 1.000** .999** 

Sig. (2-tailed)  .000 .000 .001 

N 5 5 4 4 

Cr West Pearson Correlation .998** 1 .999** 1.000** 

Sig. (2-tailed) .000  .001 .000 

N 5 5 4 4 

Cr North Pearson Correlation 1.000** .999** 1 1.000** 

Sig. (2-tailed) .000 .001  .007 

N 4 4 4 3 

Cr South Pearson Correlation .999** 1.000** 1.000** 1 

Sig. (2-tailed) .001 .000 .007  

N 4 4 3 4 

**. Correlation is significant at the 0.01 level (2-tailed).  
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APPENDIX XIII 

CORRELATIONS OF Cu IN THE SOIL OF THEFOUR AXES 

Correlations 

  Cu East Cu West Cu North Cu South 

Cu East Pearson Correlation 1 .999** .999** .999** 

Sig. (2-tailed)  .000 .000 .000 

N 5 5 5 5 

Cu West Pearson Correlation .999** 1 1.000** 1.000** 

Sig. (2-tailed) .000  .000 .000 

N 5 5 5 5 

Cu North Pearson Correlation .999** 1.000** 1 1.000** 

Sig. (2-tailed) .000 .000  .000 

N 5 5 5 5 

Cu South Pearson Correlation .999** 1.000** 1.000** 1 

Sig. (2-tailed) .000 .000 .000  

N 5 5 5 5 

**. Correlation is significant at the 0.01 level (2-tailed).  

 

 

APPENDIX XIV 

CORRELATIONS OF As IN THE SOIL OF THEFOUR AXES 

Correlations 

  As East As West As North As South 

As East Pearson Correlation 1 .342 .911* -.070 

Sig. (2-tailed)  .573 .032 .910 

N 5 5 5 5 

As West Pearson Correlation .342 1 .524 .647 

Sig. (2-tailed) .573  .365 .238 

N 5 5 5 5 

As North Pearson Correlation .911* .524 1 .334 

Sig. (2-tailed) .032 .365  .582 

N 5 5 5 5 

As South Pearson Correlation -.070 .647 .334 1 

Sig. (2-tailed) .910 .238 .582  

N 5 5 5 5 

*. Correlation is significant at the 0.05 level (2-tailed).  
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APPENDIX XV 

CORRELATIONS OF Mo IN THE SOIL OF THEFOUR AXES 

Correlations 

  Mo East Mo West Mo North Mo South 

Mo East Pearson Correlation 1 .110 .196 .115 

Sig. (2-tailed)  .860 .752 .855 

N 5 5 5 5 

Mo West Pearson Correlation .110 1 .973** .587 

Sig. (2-tailed) .860  .005 .298 

N 5 5 5 5 

Mo North Pearson Correlation .196 .973** 1 .746 

Sig. (2-tailed) .752 .005  .148 

N 5 5 5 5 

Mo South Pearson Correlation .115 .587 .746 1 

Sig. (2-tailed) .855 .298 .148  

N 5 5 5 5 

**. Correlation is significant at the 0.01 level (2-tailed).  

 

 

APPENDIX XVI 

CORRELATIONS OF Se IN THE SOIL OF THEFOUR AXES 

Correlations 

  Se East Se West Se North Se South 

Se East Pearson Correlation 1 .847 .862 .946* 

Sig. (2-tailed)  .070 .061 .015 

N 5 5 5 5 

Se West Pearson Correlation .847 1 .996** .897* 

Sig. (2-tailed) .070  .000 .039 

N 5 5 5 5 

Se North Pearson Correlation .862 .996** 1 .882* 

Sig. (2-tailed) .061 .000  .047 

N 5 5 5 5 

Se South Pearson Correlation .946* .897* .882* 1 

Sig. (2-tailed) .015 .039 .047  

N 5 5 5 5 

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

**. Correlation is significant at the 0.01 level (2-tailed).  
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APPENDIX XVII 

CORRELATIONS OF Hg IN THE SOIL OF THEFOUR AXES 

Correlations 

  Hg East Hg West Hg North Hg South 

Hg East Pearson Correlation .
a
 .

a
 .

a
 .

a
 

Sig. (2-tailed)  . . . 

N 1 1 1 1 

Hg West Pearson Correlation .
a
 1 1.000

**
 1.000

**
 

Sig. (2-tailed) .  . . 

N 1 2 2 2 

Hg North Pearson Correlation .
a
 1.000

**
 1 1.000

**
 

Sig. (2-tailed) . .  . 

N 1 2 2 2 

Hg South Pearson Correlation .
a
 1.000

**
 1.000

**
 1 

Sig. (2-tailed) . . .  

N 1 2 2 2 

a. Cannot be computed because at least one of the variables is constant. 

**. Correlation is significant at the 0.01 level (2-tailed).  
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APPENDIX XVIII 

ANOVA ON DEPTH PROFILE OF Fe IN THE SOIL 

UNIANOVA Observations BY Metals Depths 

  /METHOD=SSTYPE(3) 

  /INTERCEPT=INCLUDE 

  /POSTHOC=Metals Depths(LSD) 

  /CRITERIA=ALPHA(0.05) 

  /DESIGN=Metals Depths. 

Univariate Analysis of Variance 

 [DataSet1] C:\Users\Dr. F.C. Eze\Desktop\ANOVA on Fe with depths.sav 

Between-Subjects Factors 

  Value Label N 

Metals 1 Fe 5 

2 Mn 5 

3 Ni 5 

4 Pb 5 

5 Cd 5 

Depths 1 1-5cm 5 

2 25cm 5 

3 50cm 5 

4 75cm 5 

5 100cm 5 

 

 

Dependent 

Variable:Observations 

    

Source 

Type III Sum 

of Squares df Mean Square F Sig. 

Corrected 

Model 
1464.532

a
 8 183.067 60.431 .000 

Intercept 1871.428 1 1871.428 617.761 .000 

Metals 1396.238 4 349.059 115.225 .000 
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Depths 68.294 4 17.074 5.636 .005 

Error 48.470 16 3.029   

Total 3384.430 25    

Corrected Total 1513.002 24    

a. R Squared = .968 (Adjusted R Squared = .952)   

Post Hoc Tests 

Depths 

Multiple Comparisons 

Observation LSD      

(I) 

Depths 

(J) 

Depths 

Mean 

Difference (I-

J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

1-5cm 25cm -1.5132 1.10079 .188 -3.8468 .8204 

50cm -.3986 1.10079 .722 -2.7322 1.9350 

75cm 2.7094
*
 1.10079 .026 .3758 5.0430 

100cm 2.4434
*
 1.10079 .041 .1098 4.7770 

25cm 1-5cm 1.5132 1.10079 .188 -.8204 3.8468 

50cm 1.1146 1.10079 .326 -1.2190 3.4482 

75cm 4.2226
*
 1.10079 .001 1.8890 6.5562 

100cm 3.9566
*
 1.10079 .002 1.6230 6.2902 

50cm 1-5cm .3986 1.10079 .722 -1.9350 2.7322 

25cm -1.1146 1.10079 .326 -3.4482 1.2190 

75cm 3.1080
*
 1.10079 .012 .7744 5.4416 

100cm 2.8420
*
 1.10079 .020 .5084 5.1756 

75cm 1-5cm -2.7094
*
 1.10079 .026 -5.0430 -.3758 

25cm -4.2226
*
 1.10079 .001 -6.5562 -1.8890 

50cm -3.1080
*
 1.10079 .012 -5.4416 -.7744 

100cm -.2660 1.10079 .812 -2.5996 2.0676 

100cm 1-5cm -2.4434
*
 1.10079 .041 -4.7770 -.1098 

25cm -3.9566
*
 1.10079 .002 -6.2902 -1.6230 

50cm -2.8420
*
 1.10079 .020 -5.1756 -.5084 

75cm .2660 1.10079 .812 -2.0676 2.5996 

Based on observed means. 

 The error term is Mean Square(Error) = 3.029. 

  

*. The mean difference is significant at the 0.05 level.   
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Metals 

 

Multiple Comparisons 

Observations 

LSD 

     

(I) 

Metals 

(J) 

Metals 

Mean 

Difference (I-

J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Fe Mn -.6424 1.10079 .568 -2.9760 1.6912 

Ni -8.5088
*
 1.10079 .000 -10.8424 -6.1752 

Pb .8446 1.10079 .454 -1.4890 3.1782 

Cd -18.7714
*
 1.10079 .000 -21.1050 -16.4378 

Mn Fe .6424 1.10079 .568 -1.6912 2.9760 

Ni -7.8664
*
 1.10079 .000 -10.2000 -5.5328 

Pb 1.4870 1.10079 .196 -.8466 3.8206 

Cd -18.1290
*
 1.10079 .000 -20.4626 -15.7954 

Ni Fe 8.5088
*
 1.10079 .000 6.1752 10.8424 

Mn 7.8664
*
 1.10079 .000 5.5328 10.2000 

Pb 9.3534
*
 1.10079 .000 7.0198 11.6870 

Cd -10.2626
*
 1.10079 .000 -12.5962 -7.9290 

Pb Fe -.8446 1.10079 .454 -3.1782 1.4890 

Mn -1.4870 1.10079 .196 -3.8206 .8466 

Ni -9.3534
*
 1.10079 .000 -11.6870 -7.0198 

Cd -19.6160
*
 1.10079 .000 -21.9496 -17.2824 

Cd Fe 18.7714
*
 1.10079 .000 16.4378 21.1050 

Mn 18.1290
*
 1.10079 .000 15.7954 20.4626 

Ni 10.2626
*
 1.10079 .000 7.9290 12.5962 

Pb 19.6160
*
 1.10079 .000 17.2824 21.9496 

Based on observed means. 

 The error term is Mean Square(Error) = 3.029. 

  

*. The mean difference is significant at the 0.05 level.  
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Summary of the multiple comparisons 

Compared depths Mean difference Leader Rank 

1-5cm versus 75cm 

              ,,       

100cm 

2.7094 

2.4434 

 

1-5cm 

 

3 

25cm versus 75cm 

              ,,       

100cm 

4.2226 

3.9566 

25cm 1 

50cm versus 75cm 

              ,,       

100cm 

3.1080 

2.8420 

 

50cm 

 

2 

75cm versus 1-5cm 

              ,,       25cm 

             ,,        50cm 

-2.7094 

-4.2226 

-3.1080 

1-5cm  

100cm versus 1-

5cm 

              ,,       25cm 

             ,,        50cm 

-2.4434 

-3.9566 

-2.8420 

1-5cm 3 

 

 

 

Summary of the multiple comparisons 

Compared metals Mean difference Leader Rank 

Fe versus Ni 

        ,,       Cd 

-8.5088 

-18.7714 

Ni 3 

Mn  versus Ni 

        ,,       Cd 

-7.8664 

-18.1290 

Ni 5 

Ni  versus Fe 

        ,,        Mn 

        ,,       Pb 

        ,,       Cd 

8.5088 

7.8664 

9.3534 

-10.2626 

Ni 3 

Pb  versus Ni 

        ,,       Cd 

-9.3534 

-19.6160 

Ni 2 

Cd  versus Fe 

        ,,        Mn 

        ,,       Ni 

        ,,       Pb 

18.7714 

18.1290 

10.2626 

19.6160 

 

 

Cd 

 

 

1 
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APPENDIX XIX 

ANOVA ON DEPTH PROFILE OF Mn IN THE SOIL 

UNIANOVA Observations BY Metals Depths 

  /CRITERIA=ALPHA(0.05) 

  /DESIGN=Metals Depths. 

Univariate Analysis of Variance 

Between-Subjects Factors 

  Value Label N 

Metals 1 Fe 5 

2 Mn 5 

3 Ni 5 

4 Pb 5 

5 Cd 5 

Depths 1 1-5cm 5 

2 25cm 5 

3 50cm 5 

4 75cm 5 

5 100cm 5 

 

 

Tests of Between-Subjects Effects 

Dependent 

Variable:Observations 

    

Source 

Type III Sum 

of Squares Df Mean Square F Sig. 

Corrected 

Model 
280.977

a
 8 35.122 22.961 .000 

Intercept 158.181 1 158.181 103.408 .000 

Metals 267.877 4 66.969 43.780 .000 

Depths 13.100 4 3.275 2.141 .123 

Error 24.475 16 1.530   

Total 463.633 25    

Corrected Total 305.452 24    

a. R Squared = .920 (Adjusted R Squared = .880)   

Post Hoc Tests Metals 
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Multiple Comparisons 

Observations 

LSD 

     

(I) 

Metals (J) Metals 

Mean 

Difference 

(I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Fe Mn -.3046 .78222 .702 -1.9628 1.3536 

Ni -2.3978
*
 .78222 .007 -4.0560 -.7396 

Pb -.3284 .78222 .680 -1.9866 1.3298 

Cd -8.6572
*
 .78222 .000 -10.3154 -6.9990 

Mn Fe .3046 .78222 .702 -1.3536 1.9628 

Ni -2.0932
*
 .78222 .017 -3.7514 -.4350 

Pb -.0238 .78222 .976 -1.6820 1.6344 

Cd -8.3526
*
 .78222 .000 -10.0108 -6.6944 

Ni Fe 2.3978
*
 .78222 .007 .7396 4.0560 

Mn 2.0932
*
 .78222 .017 .4350 3.7514 

Pb 2.0694
*
 .78222 .018 .4112 3.7276 

Cd -6.2594
*
 .78222 .000 -7.9176 -4.6012 

Pb Fe .3284 .78222 .680 -1.3298 1.9866 

Mn .0238 .78222 .976 -1.6344 1.6820 

Ni -2.0694
*
 .78222 .018 -3.7276 -.4112 

Cd -8.3288
*
 .78222 .000 -9.9870 -6.6706 

Cd Fe 8.6572
*
 .78222 .000 6.9990 10.3154 

Mn 8.3526
*
 .78222 .000 6.6944 10.0108 

Ni 6.2594
*
 .78222 .000 4.6012 7.9176 

Pb 8.3288
*
 .78222 .000 6.6706 9.9870 

The error term is Mean Square(Error) = 1.530.   

*. The mean difference is significant at the 0.05 level.  

 

Summary of the multiple comparisons 

Compared metals Mean difference Leader Rank 

Fe versus Ni 

        ,,       Cd 

-2.3978 

-8.6572 

Ni 2 

Mn versus Ni 

        ,,       Cd 

-2.0932 

-8.3526 

Ni 3 

Ni  versus Fe 2.3978   
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        ,,        Mn 

        ,,       Pb 

        ,,       Cd 

2.0932 

2.0694 

-6.2594 

 

Ni 

 

4 

Pb  versus Ni 

        ,,       Cd 

-2.0694 

-8.3288 

Ni 4 

Cd  versus Fe 

        ,,        Mn 

        ,,       Ni 

        ,,       Pb 

8.6572 

8.3526 

6.2594 

8.3288 

 

 

Cd 

 

 

1 

 

 

 

APPENDIX XX 

ANOVA ON DEPTH PROFILE OF Ni IN THE SOIL 

UNIANOVA Observations BY Metals Depths 

  /CRITERIA=ALPHA(0.05) 

  /DESIGN=Metals Depths. 

Univariate Analysis of Variance 

 

Between-Subjects Factors 

  Value Label N 

Metals 1 Fe 5 

2 Mn 5 

3 Ni 5 

4 Pb 5 

5 Cd 5 

Depths 1 1-5cm 5 

2 25cm 5 

3 50cm 5 

4 75cm 5 

5 100cm 5 
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Tests of Between-Subjects Effects 

Dependent 

Variable:Observations 

    

Source 

Type III Sum 

of Squares Df Mean Square F Sig. 

Corrected 

Model 
3.228

a
 8 .403 27.729 .000 

Intercept 1.286 1 1.286 88.354 .000 

Metals 3.080 4 .770 52.912 .000 

Depths .148 4 .037 2.545 .080 

Error .233 16 .015   

Total 4.746 25    

Corrected Total 3.461 24    

a. R Squared = .933 (Adjusted R Squared = .899)   

 

Post Hoc Tests 

Metals 

Multiple Comparisons 

Observations 

LSD 

     

(I) 

Metals (J) Metals 

Mean 

Difference 

(I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Fe Mn -.0379 .07629 .626 -.1996 .1239 

Ni -.0542 .07629 .488 -.2159 .1075 

Pb -.0848 .07629 .283 -.2465 .0769 

Cd -.9190
*
 .07629 .000 -1.0807 -.7573 

Mn Fe .0379 .07629 .626 -.1239 .1996 

Ni -.0163 .07629 .833 -.1781 .1454 

Pb -.0469 .07629 .547 -.2087 .1148 

Cd -.8811
*
 .07629 .000 -1.0429 -.7194 

Ni Fe .0542 .07629 .488 -.1075 .2159 

Mn .0163 .07629 .833 -.1454 .1781 

Pb -.0306 .07629 .694 -.1923 .1311 

Cd -.8648
*
 .07629 .000 -1.0265 -.7031 
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Pb Fe .0848 .07629 .283 -.0769 .2465 

Mn .0469 .07629 .547 -.1148 .2087 

Ni .0306 .07629 .694 -.1311 .1923 

Cd -.8342
*
 .07629 .000 -.9959 -.6725 

Cd Fe .9190
*
 .07629 .000 .7573 1.0807 

Mn .8811
*
 .07629 .000 .7194 1.0429 

Ni .8648
*
 .07629 .000 .7031 1.0265 

Pb .8342
*
 .07629 .000 .6725 .9959 

The error term is Mean Square(Error) = .015.   

*. The mean difference is significant at the 0.05 level.  

 

Summary of the multiple comparisons 

Compared metals Mean difference Leader Rank 

Fe versus Cd -0.9190 Cd 1 

Mn  versus Cd -0.8811 Cd 2 

Ni  versus Cd -0.8648 Cd 3 

Pb  versus Cd -0.8342 Cd 4 

Cd  versus Fe 

        ,,        Mn 

        ,,       Ni 

        ,,       Pb 

0.9190 

0.8811 

0.8648 

0.8342 

 

 

 

Cd 

 

 

 

4 
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APPENDIX XXI 

ANOVA ON DEPTH PROFILE OF Pb IN THE SOIL 

UNIANOVA Observations BY Metals Depths 

/CRITERIA=ALPHA(0.05) 

  /DESIGN=Metals Depths. 

Univariate Analysis of Variance 

 

Between-Subjects Factors 

  Value Label N 

Metals 1 Fe 5 

2 Mn 5 

3 Ni 5 

4 Pb 5 

5 Cd 5 

Depths 1 1-5cm 5 

2 25cm 5 

3 50cm 5 

4 75cm 5 

5 100cm 5 

 

 

Tests of Between-Subjects Effects 

Dependent 

Variable:Observations 

    

Source 

Type III Sum 

of Squares Df Mean Square F Sig. 

Corrected 

Model 
13.019

a
 8 1.627 30.214 .000 

Intercept 188.969 1 188.969 3.509E3 .000 

Metals 11.991 4 2.998 55.657 .000 

Depths 1.028 4 .257 4.771 .010 

Error .862 16 .054   

Total 202.849 25    

Corrected Total 13.880 24    
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Tests of Between-Subjects Effects 

Dependent 

Variable:Observations 

    

Source 

Type III Sum 

of Squares Df Mean Square F Sig. 

Corrected 

Model 
13.019

a
 8 1.627 30.214 .000 

Intercept 188.969 1 188.969 3.509E3 .000 

Metals 11.991 4 2.998 55.657 .000 

Depths 1.028 4 .257 4.771 .010 

Error .862 16 .054   

Total 202.849 25    

a. R Squared = .938 (Adjusted R Squared = .907)   

 

Post Hoc Tests 

Depths 

Multiple Comparisons 

Observations LSD      

(I) 

Depths (J) Depths 

Mean 

Differenc

e (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

1-5cm 25cm -.3172
*
 .14678 .046 -.6284 -.0060 

50cm -.1376 .14678 .362 -.4488 .1736 

75cm -.0668 .14678 .655 -.3780 .2444 

100cm .3020 .14678 .056 -.0092 .6132 

25cm 1-5cm .3172
*
 .14678 .046 .0060 .6284 

50cm .1796 .14678 .239 -.1316 .4908 

75cm .2504 .14678 .107 -.0608 .5616 

100cm .6192
*
 .14678 .001 .3080 .9304 

50cm 1-5cm .1376 .14678 .362 -.1736 .4488 

25cm -.1796 .14678 .239 -.4908 .1316 

75cm .0708 .14678 .636 -.2404 .3820 

100cm .4396
*
 .14678 .009 .1284 .7508 

75cm 1-5cm .0668 .14678 .655 -.2444 .3780 

25cm -.2504 .14678 .107 -.5616 .0608 

50cm -.0708 .14678 .636 -.3820 .2404 
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100cm .3688
*
 .14678 .023 .0576 .6800 

100cm 1-5cm -.3020 .14678 .056 -.6132 .0092 

25cm -.6192
*
 .14678 .001 -.9304 -.3080 

50cm -.4396
*
 .14678 .009 -.7508 -.1284 

75cm -.3688
*
 .14678 .023 -.6800 -.0576 

Based on observed means. 

 The error term is Mean Square(Error) = .054. 

  

*. The mean difference is significant at the 0.05 level.   

 

Metals 

Multiple Comparisons 

Observations 

LSD 

     

(I) 

Metals 

(J) 

Metals 

Mean 

Difference (I-

J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Fe Mn -1.7490
*
 .14678 .000 -2.0602 -1.4378 

Ni -1.5190
*
 .14678 .000 -1.8302 -1.2078 

Pb -1.4800
*
 .14678 .000 -1.7912 -1.1688 

Cd -.4146
*
 .14678 .012 -.7258 -.1034 

Mn Fe 1.7490
*
 .14678 .000 1.4378 2.0602 

Ni .2300 .14678 .137 -.0812 .5412 

Pb .2690 .14678 .086 -.0422 .5802 

Cd 1.3344
*
 .14678 .000 1.0232 1.6456 

Ni Fe 1.5190
*
 .14678 .000 1.2078 1.8302 

Mn -.2300 .14678 .137 -.5412 .0812 

Pb .0390 .14678 .794 -.2722 .3502 

Cd 1.1044
*
 .14678 .000 .7932 1.4156 

Pb Fe 1.4800
*
 .14678 .000 1.1688 1.7912 

Mn -.2690 .14678 .086 -.5802 .0422 

Ni -.0390 .14678 .794 -.3502 .2722 

Cd 1.0654
*
 .14678 .000 .7542 1.3766 

Cd Fe .4146
*
 .14678 .012 .1034 .7258 

Mn -1.3344
*
 .14678 .000 -1.6456 -1.0232 

Ni -1.1044
*
 .14678 .000 -1.4156 -.7932 

Pb -1.0654
*
 .14678 .000 -1.3766 -.7542 
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Multiple Comparisons 

Observations 

LSD 

     

(I) 

Metals 

(J) 

Metals 

Mean 

Difference (I-

J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Fe Mn -1.7490
*
 .14678 .000 -2.0602 -1.4378 

Ni -1.5190
*
 .14678 .000 -1.8302 -1.2078 

Pb -1.4800
*
 .14678 .000 -1.7912 -1.1688 

Cd -.4146
*
 .14678 .012 -.7258 -.1034 

Mn Fe 1.7490
*
 .14678 .000 1.4378 2.0602 

Ni .2300 .14678 .137 -.0812 .5412 

Pb .2690 .14678 .086 -.0422 .5802 

Cd 1.3344
*
 .14678 .000 1.0232 1.6456 

Ni Fe 1.5190
*
 .14678 .000 1.2078 1.8302 

Mn -.2300 .14678 .137 -.5412 .0812 

Pb .0390 .14678 .794 -.2722 .3502 

Cd 1.1044
*
 .14678 .000 .7932 1.4156 

Pb Fe 1.4800
*
 .14678 .000 1.1688 1.7912 

Mn -.2690 .14678 .086 -.5802 .0422 

Ni -.0390 .14678 .794 -.3502 .2722 

Cd 1.0654
*
 .14678 .000 .7542 1.3766 

Cd Fe .4146
*
 .14678 .012 .1034 .7258 

Mn -1.3344
*
 .14678 .000 -1.6456 -1.0232 

Ni -1.1044
*
 .14678 .000 -1.4156 -.7932 

Pb -1.0654
*
 .14678 .000 -1.3766 -.7542 

Based on observed means. 

 The error term is Mean Square(Error) = .054. 

  

*. The mean difference is significant at the 0.05 level.  

 

Summary of the multiple comparisons 

Compared depths Mean difference Leader Rank 

1-5cm versus 25cm -0.3172 25cm 4 

25cm versus 1-5cm 

              ,,        

100cm 

0.3172 

0.6192 

25cm 4 

50cm versus 100cm  0.4396 50cm 1 
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75cm versus 100cm 0.3688 75cm 3 

100cm versus 25cm 

              ,,        

50cm 

              ,,        

75cm  

-0.6192 

-0.4396 

-0.3688 

 

50cm 

 

1 

 

Summary of the multiple comparisons 

Compared metals Mean difference Leader Rank 

Fe versus Mn 

        ,,       Ni 

        ,,       Pb 

        ,,       Cd 

-1.7490 

-1.5190 

-1.4800 

-0.4146 

  

 

 

Cd 

  

Mn  versus Fe 

          ,,        Cd 

1.7490 

1.3344 

 

Mn 

 

Ni  versus Fe 

          ,,        Cd 

1.5190 

1.1044 

 

Cd 

 

Pb  versus Fe 

          ,,        Cd 

1.4800 

1.0654 

 

Pb 

 

Fe versus Mn 

        ,,       Ni 

        ,,       Pb 

        ,,       Cd 

0.4146 

-1.3344 

-1.1044 

-1.0654 

  

 

 

APPENDIX XXII 

ANOVA ON DEPTH PROFILE OF Cd IN THE SOIL 

UNIANOVA Observations BY Metals Depths 

  /CRITERIA=ALPHA(0.05) 

  /DESIGN=Metals Depths. 

Univariate Analysis of Variance 

 

Between-Subjects Factors 

  Value Label N 

Metals 1 Fe 5 
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2 Mn 5 

3 Ni 5 

4 Pb 5 

5 Cd 5 

Depths 1 1-5cm 5 

2 25cm 5 

3 50cm 5 

4 75cm 5 

5 100cm 5 

 

Tests of Between-Subjects Effects 

Dependent 

Variable:Observations 

    

Source 

Type III Sum 

of Squares Df Mean Square F Sig. 

Corrected 

Model 
.390

a
 8 .049 .932 .517 

Intercept .974 1 .974 18.600 .001 

Metals .044 4 .011 .212 .928 

Depths .346 4 .086 1.651 .210 

Error .838 16 .052   

Total 2.202 25    

Corrected Total 1.228 24    

a. R Squared = .318 (Adjusted R Squared = -.023)   

Both metals and depths are non significant, hence there are no need for multiple 

comparisons. 
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APPENDIX XXIII 

ANOVA ON DEPTH PROFILE OF Co IN THE SOIL 

UNIANOVA Observations BY Metals Depths 

  /CRITERIA=ALPHA(0.05) 

  /DESIGN=Metals Depths. 

Univariate Analysis of Variance 

 

Between-Subjects Factors 

  Value Label N 

Metals 1 Fe 5 

2 Mn 5 

3 Ni 5 

4 Pb 5 

5 Cd 5 

Depths 1 1-5cm 5 

2 25cm 5 

3 50cm 5 

4 75cm 5 

5 100cm 5 

Tests of Between-Subjects Effects 

Dependent 

Variable:Observations 

    

Source 

Type III Sum 

of Squares df Mean Square F Sig. 

Corrected 

Model 
5.829

a
 8 .729 8.185 .000 

Intercept 5.479 1 5.479 61.559 .000 

Metals 5.222 4 1.306 14.668 .000 

Depths .606 4 .152 1.702 .199 

Error 1.424 16 .089   
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Total 12.732 25    

Corrected Total 7.253 24    

a. R Squared = .804 (Adjusted R Squared = .705)   

 

 

Post Hoc Tests 

Metals 

Multiple Comparisons 

Observations 

LSD 

     

(I) 

Metals (J) Metals 

Mean 

Difference 

(I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Fe Mn -.1318 .18869 .495 -.5318 .2682 

Ni -.2366 .18869 .228 -.6366 .1634 

Pb -.3334 .18869 .096 -.7334 .0666 

Cd -1.2840
*
 .18869 .000 -1.6840 -.8840 

Mn Fe .1318 .18869 .495 -.2682 .5318 

Ni -.1048 .18869 .586 -.5048 .2952 

Pb -.2016 .18869 .301 -.6016 .1984 

Cd -1.1522
*
 .18869 .000 -1.5522 -.7522 

Ni Fe .2366 .18869 .228 -.1634 .6366 

Mn .1048 .18869 .586 -.2952 .5048 

Pb -.0968 .18869 .615 -.4968 .3032 

Cd -1.0474
*
 .18869 .000 -1.4474 -.6474 

Pb Fe .3334 .18869 .096 -.0666 .7334 

Mn .2016 .18869 .301 -.1984 .6016 

Ni .0968 .18869 .615 -.3032 .4968 

Cd -.9506
*
 .18869 .000 -1.3506 -.5506 

Cd Fe 1.2840
*
 .18869 .000 .8840 1.6840 

Mn 1.1522
*
 .18869 .000 .7522 1.5522 

Ni 1.0474
*
 .18869 .000 .6474 1.4474 

Pb .9506
*
 .18869 .000 .5506 1.3506 

Based on observed means. 

 The error term is Mean Square(Error) = .089. 

  



275 

Multiple Comparisons 

Observations 

LSD 

     

(I) 

Metals (J) Metals 

Mean 

Difference 

(I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Fe Mn -.1318 .18869 .495 -.5318 .2682 

Ni -.2366 .18869 .228 -.6366 .1634 

Pb -.3334 .18869 .096 -.7334 .0666 

Cd -1.2840
*
 .18869 .000 -1.6840 -.8840 

Mn Fe .1318 .18869 .495 -.2682 .5318 

Ni -.1048 .18869 .586 -.5048 .2952 

Pb -.2016 .18869 .301 -.6016 .1984 

Cd -1.1522
*
 .18869 .000 -1.5522 -.7522 

Ni Fe .2366 .18869 .228 -.1634 .6366 

Mn .1048 .18869 .586 -.2952 .5048 

Pb -.0968 .18869 .615 -.4968 .3032 

Cd -1.0474
*
 .18869 .000 -1.4474 -.6474 

Pb Fe .3334 .18869 .096 -.0666 .7334 

Mn .2016 .18869 .301 -.1984 .6016 

Ni .0968 .18869 .615 -.3032 .4968 

Cd -.9506
*
 .18869 .000 -1.3506 -.5506 

Cd Fe 1.2840
*
 .18869 .000 .8840 1.6840 

Mn 1.1522
*
 .18869 .000 .7522 1.5522 

Ni 1.0474
*
 .18869 .000 .6474 1.4474 

Pb .9506
*
 .18869 .000 .5506 1.3506 

*. The mean difference is significant at the 0.05 level.  

 

Summary of the multiple comparisons 

Compared metals Mean difference Leader Rank 

Fe versus Cd -1.2840 Cd 1 

Mn  versus Cd -1.1522 Cd 2 

Ni  versus Cd -1.0474 Cd 3 

Pb  versus Cd -0.9506 Cd 4 

Cd  versus Fe 

        ,,        Mn 

        ,,       Ni 

        ,,       Pb 

1.2840 

1.1522 

1.0474 

0.9506 

 

 

 

Cd 

 

 

 

4 
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APPENDIX XXIV 

/ 

ANOVA ON DEPTH PROFILE OF Zn IN THE SOIL 

CRITERIA=ALPHA(0.05) 

/DESIGN=Metals Depths. 

 

Univariate Analysis of Variance 

Between-Subjects Factors 

  Value Label N 

Metals 1 Fe 5 

2 Mn 5 

3 Ni 5 

4 Pb 5 

5 Cd 5 

Depths 1 1-5cm 5 

2 25cm 5 

3 50cm 5 

4 75cm 5 

5 100cm 5 

 

Tests of Between-Subjects Effects 

Dependent 

Variable:Observations 

    

Source 

Type III Sum 

of Squares Df Mean Square F Sig. 

Corrected 

Model 
17.381

a
 8 2.173 7.965 .000 

Intercept 13.916 1 13.916 51.019 .000 

Metals 15.843 4 3.961 14.521 .000 

Depths 1.538 4 .384 1.410 .276 

Error 4.364 16 .273   

Total 35.661 25    

Corrected Total 21.745 24    

a. R Squared = .799 (Adjusted R Squared = .699)   
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Multiple Comparisons 

Observations 

LSD 

     

(I) 

Metals 

(J) 

Metals 

Mean 

Difference 

(I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Fe Mn -.0480 .33031 .886 -.7482 .6522 

Ni -.7208
*
 .33031 .044 -1.4210 -.0206 

Pb -.6400 .33031 .071 -1.3402 .0602 

Cd -2.2006
*
 .33031 .000 -2.9008 -1.5004 

Mn Fe .0480 .33031 .886 -.6522 .7482 

Ni -.6728 .33031 .059 -1.3730 .0274 

Pb -.5920 .33031 .092 -1.2922 .1082 

Cd -2.1526
*
 .33031 .000 -2.8528 -1.4524 

Ni Fe .7208
*
 .33031 .044 .0206 1.4210 

Mn .6728 .33031 .059 -.0274 1.3730 

Pb .0808 .33031 .810 -.6194 .7810 

Cd -1.4798
*
 .33031 .000 -2.1800 -.7796 

Pb Fe .6400 .33031 .071 -.0602 1.3402 

Mn .5920 .33031 .092 -.1082 1.2922 

Ni -.0808 .33031 .810 -.7810 .6194 

Cd -1.5606
*
 .33031 .000 -2.2608 -.8604 

Cd Fe 2.2006
*
 .33031 .000 1.5004 2.9008 

Mn 2.1526
*
 .33031 .000 1.4524 2.8528 

Ni 1.4798
*
 .33031 .000 .7796 2.1800 

Pb 1.5606
*
 .33031 .000 .8604 2.2608 

Based on observed means. 

 The error term is Mean Square(Error) = .273. 

  

*. The mean difference is significant at the 0.05 level.  

 

Summary of the multiple comparisons 

Compared metals Mean difference Leader Rank 

Fe versus Ni 

           ,,    Cd 

-0.7208 

-2.2006 

Cd  4 

Mn versus Cd -2.1526 Cd 1 

Ni versus Fe 

           ,,    Cd 

0.7208 

-1.4798 

Ni 4 
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Pb versus Cd -1.5606 Cd 2 

Cd  versus Fe 

        ,,        Mn 

        ,,       Ni 

        ,,       Pb 

2.2006 

2.1526 

1.4798 

1.5606 

 

 

Cd 

 

 

3 

 

 

APPENDIX XXV 

 

ANOVA ON DEPTH PROFILE OF Cr IN THE SOIL 

UNIANOVA Observations BY Metals Depths 

  /CRITERIA=ALPHA(0.05) 

Between-Subjects Factors 

  Value 

Label N 

Metals 1 Fe 4 

2 Mn 5 

3 Ni 5 

4 Pb 5 

5 Cd 5 

Depths 1 1-5cm 5 

2 25cm 5 

3 50cm 5 

4 75cm 5 

5 100cm 4 

 

 

Tests of Between-Subjects Effects 

Dependent 

Variable:Observations 

    

Source 

Type III Sum 

of Squares Df 

Mean 

Square F Sig. 

Corrected 

Model 
23.914

a
 8 2.989 27.406 .000 

Intercept 6.509 1 6.509 59.676 .000 
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Metals 23.641 4 5.910 54.185 .000 

Depths .524 4 .131 1.201 .351 

Error 1.636 15 .109   

Total 33.107 24    

Corrected Total 25.550 23    

a. R Squared = .936 (Adjusted R Squared = .902)   

 

Post Hoc Tests 

Metals 

Multiple Comparisons 

ObservationsLS

D 

     

(I) 

Metals 

(J) 

Metals 

Mean 

Difference (I-J) 

Std. 

Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Fe Mn -.0010 .22155 .996 -.4732 .4712 

Ni -.0338 .22155 .881 -.5060 .4384 

Pb -.0212 .22155 .925 -.4934 .4510 

Cd -2.4454
*
 .22155 .000 -2.9176 -1.9732 

Mn Fe .0010 .22155 .996 -.4712 .4732 

Ni -.0328 .20888 .877 -.4780 .4124 

Pb -.0202 .20888 .924 -.4654 .4250 

Cd -2.4444
*
 .20888 .000 -2.8896 -1.9992 

Ni Fe .0338 .22155 .881 -.4384 .5060 

Mn .0328 .20888 .877 -.4124 .4780 

Pb .0126 .20888 .953 -.4326 .4578 

Cd -2.4116
*
 .20888 .000 -2.8568 -1.9664 

Pb Fe .0212 .22155 .925 -.4510 .4934 

Mn .0202 .20888 .924 -.4250 .4654 

Ni -.0126 .20888 .953 -.4578 .4326 

Cd -2.4242
*
 .20888 .000 -2.8694 -1.9790 

Cd Fe 2.4454
*
 .22155 .000 1.9732 2.9176 

Mn 2.4444
*
 .20888 .000 1.9992 2.8896 

Ni 2.4116
*
 .20888 .000 1.9664 2.8568 

Pb 2.4242
*
 .20888 .000 1.9790 2.8694 

Based on observed means. 

 The error term is Mean Square(Error) = .109. 
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Multiple Comparisons 

ObservationsLS

D 

     

(I) 

Metals 

(J) 

Metals 

Mean 

Difference (I-J) 

Std. 

Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Fe Mn -.0010 .22155 .996 -.4732 .4712 

Ni -.0338 .22155 .881 -.5060 .4384 

Pb -.0212 .22155 .925 -.4934 .4510 

Cd -2.4454
*
 .22155 .000 -2.9176 -1.9732 

Mn Fe .0010 .22155 .996 -.4712 .4732 

Ni -.0328 .20888 .877 -.4780 .4124 

Pb -.0202 .20888 .924 -.4654 .4250 

Cd -2.4444
*
 .20888 .000 -2.8896 -1.9992 

Ni Fe .0338 .22155 .881 -.4384 .5060 

Mn .0328 .20888 .877 -.4124 .4780 

Pb .0126 .20888 .953 -.4326 .4578 

Cd -2.4116
*
 .20888 .000 -2.8568 -1.9664 

Pb Fe .0212 .22155 .925 -.4510 .4934 

Mn .0202 .20888 .924 -.4250 .4654 

Ni -.0126 .20888 .953 -.4578 .4326 

Cd -2.4242
*
 .20888 .000 -2.8694 -1.9790 

Cd Fe 2.4454
*
 .22155 .000 1.9732 2.9176 

Mn 2.4444
*
 .20888 .000 1.9992 2.8896 

Ni 2.4116
*
 .20888 .000 1.9664 2.8568 

Pb 2.4242
*
 .20888 .000 1.9790 2.8694 

*. The mean difference is significant at the 0.05 level.  

 

Summary of the multiple comparisons 

Compared metals Mean difference Leader Rank 

Fe versus Cd -2.4454 Cd 1 

Mn  versus Cd -2.4444 Cd 2 

Ni  versus Cd -2.4116 Cd 5 

Pb  versus Cd -2.4242 Cd 3 

Cd  versus Fe 

        ,,        Mn 

        ,,       Ni 

        ,,       Pb 

2.4445 

2.4444 

2.4116 

2.4242 

 

 

 

Cd 

 

 

 

3 
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APPENDIX XXVI 

ANOVA ON DEPTH PROFILE OF Cu IN THE SOIL 

UNIANOVA Observations BY Metals Depths 

/CRITERIA=ALPHA(0.05) 

/DESIGN=Metals Depths. 

Between-Subjects Factors 

  Value Label N 

Metals 1 Fe 5 

2 Mn 5 

3 Ni 5 

4 Pb 5 

5 Cd 5 

Depths 1 1-5cm 5 

2 25cm 5 

3 50cm 5 

4 75cm 5 

5 100cm 5 

 

Tests of Between-Subjects Effects 

Dependent 

Variable:Observations 

    

Source 

Type III Sum 

of Squares Df Mean Square F Sig. 

Corrected 

Model 
2.075

a
 8 .259 20.705 .000 

Intercept 1.043 1 1.043 83.235 .000 

Metals 2.000 4 .500 39.918 .000 

Depths .075 4 .019 1.491 .252 

Error .200 16 .013   

Total 3.318 25    

Corrected Total 2.275 24    

a. R Squared = .912 (Adjusted R Squared = .868)   

 

Post Hoc Tests 
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Metals 

Multiple Comparisons 

Observation LSD      

(I) 

Metals (J) Metals 

Mean Difference 

(I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Fe Mn -.0179 .07079 .804 -.1680 .1322 

Ni -.0341 .07079 .637 -.1842 .1160 

Pb -.0321 .07079 .656 -.1822 .1180 

Cd -.7275
*
 .07079 .000 -.8776 -.5774 

Mn Fe .0179 .07079 .804 -.1322 .1680 

Ni -.0162 .07079 .822 -.1663 .1339 

Pb -.0142 .07079 .844 -.1643 .1359 

Cd -.7096
*
 .07079 .000 -.8597 -.5595 

Ni Fe .0341 .07079 .637 -.1160 .1842 

Mn .0162 .07079 .822 -.1339 .1663 

Pb .0020 .07079 .978 -.1481 .1521 

Cd -.6934
*
 .07079 .000 -.8435 -.5433 

Pb Fe .0321 .07079 .656 -.1180 .1822 

Mn .0142 .07079 .844 -.1359 .1643 

Ni -.0020 .07079 .978 -.1521 .1481 

Cd -.6954
*
 .07079 .000 -.8455 -.5453 

Cd Fe .7275
*
 .07079 .000 .5774 .8776 

Mn .7096
*
 .07079 .000 .5595 .8597 

Ni .6934
*
 .07079 .000 .5433 .8435 

Pb .6954
*
 .07079 .000 .5453 .8455 

Based on observed means. 

 The error term is Mean Square(Error) = .013. 

  

*. The mean difference is significant at the 0.05 level.  

 

Summary of the multiple comparisons 

Compared metals Mean difference Leader Rank 

Fe versus Cd -0.7275 Cd 1 

Mn  versus Cd -0.7096 Cd 2 

Ni  versus Cd -0.6934 Cd 5 

Pb  versus Cd -0.6954 Cd 3 

Cd  versus Fe 

        ,,        Mn 

        ,,       Ni 

        ,,       Pb 

0.7275 

0.7096 

0.6934 

0.6954 

 

 

Cd 

 

 

 

3 
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APPENDIX XXVII 

 

ANOVA ON DEPTH PROFILE OF As IN THE SOIL 

UNIANOVA Observations BY Metals Depths 

  /CRITERIA=ALPHA(0.05) 

  /DESIGN=Metals Depths. 

Between-Subjects Factors 

  Value Label N 

Metals 1 Fe 5 

2 Mn 5 

3 Ni 5 

4 Pb 5 

5 Cd 5 

Depths 1 1-5cm 5 

2 25cm 5 

3 50cm 5 

4 75cm 5 

5 100cm 5 

 

 

 

Tests of Between-Subjects Effects 

Dependent 

Variable:Observations 

    

Source 

Type III Sum 

of Squares df Mean Square F Sig. 

Corrected 

Model 
43.828

a
 8 5.478 46.613 .000 

Intercept 200.993 1 200.993 1.710E3 .000 

Metals 35.933 4 8.983 76.435 .000 

Depths 7.894 4 1.974 16.792 .000 

Error 1.880 16 .118   

Total 246.701 25    

Corrected Total 45.708 24    
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Tests of Between-Subjects Effects 

Dependent 

Variable:Observations 

    

Source 

Type III Sum 

of Squares df Mean Square F Sig. 

Corrected 

Model 
43.828

a
 8 5.478 46.613 .000 

Intercept 200.993 1 200.993 1.710E3 .000 

Metals 35.933 4 8.983 76.435 .000 

Depths 7.894 4 1.974 16.792 .000 

Error 1.880 16 .118   

Total 246.701 25    

a. R Squared = .959 (Adjusted R Squared = .938)   

 

 

Post Hoc Tests 

Depths 

Multiple Comparisons 

Observations LSD      

(I) 

Depths (J) Depths 

Mean 

Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

1-5cm 25cm -.0810 .21682 .714 -.5406 .3786 

50cm .5446
*
 .21682 .023 .0850 1.0042 

75cm .9200
*
 .21682 .001 .4604 1.3796 

100cm 1.4112
*
 .21682 .000 .9516 1.8708 

25cm 1-5cm .0810 .21682 .714 -.3786 .5406 

50cm .6256
*
 .21682 .011 .1660 1.0852 

75cm 1.0010
*
 .21682 .000 .5414 1.4606 

100cm 1.4922
*
 .21682 .000 1.0326 1.9518 

50cm 1-5cm -.5446
*
 .21682 .023 -1.0042 -.0850 

25cm -.6256
*
 .21682 .011 -1.0852 -.1660 

75cm .3754 .21682 .103 -.0842 .8350 

100cm .8666
*
 .21682 .001 .4070 1.3262 

75cm 1-5cm -.9200
*
 .21682 .001 -1.3796 -.4604 

25cm -1.0010
*
 .21682 .000 -1.4606 -.5414 

50cm -.3754 .21682 .103 -.8350 .0842 

100cm .4912
*
 .21682 .038 .0316 .9508 
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100cm 1-5cm -1.4112
*
 .21682 .000 -1.8708 -.9516 

25cm -1.4922
*
 .21682 .000 -1.9518 -1.0326 

50cm -.8666
*
 .21682 .001 -1.3262 -.4070 

75cm -.4912
*
 .21682 .038 -.9508 -.0316 

Based on observed means. 

 The error term is Mean Square(Error) = .118. 

  

*. The mean difference is significant at the 0.05 level.   

 

Metals 

Multiple Comparisons 

Observations LSD      

(I) 

Metals (J) Metals 

Mean 

Difference 

(I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Fe Mn .3150 .21682 .166 -.1446 .7746 

Ni -1.0644
*
 .21682 .000 -1.5240 -.6048 

Pb .8208
*
 .21682 .002 .3612 1.2804 

Cd 2.5874
*
 .21682 .000 2.1278 3.0470 

Mn Fe -.3150 .21682 .166 -.7746 .1446 

Ni -1.3794
*
 .21682 .000 -1.8390 -.9198 

Pb .5058
*
 .21682 .033 .0462 .9654 

Cd 2.2724
*
 .21682 .000 1.8128 2.7320 

Ni Fe 1.0644
*
 .21682 .000 .6048 1.5240 

Mn 1.3794
*
 .21682 .000 .9198 1.8390 

Pb 1.8852
*
 .21682 .000 1.4256 2.3448 

Cd 3.6518
*
 .21682 .000 3.1922 4.1114 

Pb Fe -.8208
*
 .21682 .002 -1.2804 -.3612 

Mn -.5058
*
 .21682 .033 -.9654 -.0462 

Ni -1.8852
*
 .21682 .000 -2.3448 -1.4256 

Cd 1.7666
*
 .21682 .000 1.3070 2.2262 

Cd Fe -2.5874
*
 .21682 .000 -3.0470 -2.1278 

Mn -2.2724
*
 .21682 .000 -2.7320 -1.8128 

Ni -3.6518
*
 .21682 .000 -4.1114 -3.1922 

Pb -1.7666
*
 .21682 .000 -2.2262 -1.3070 

Based on observed means. 

 The error term is Mean Square(Error) = .118. 

  

*. The mean difference is significant at the 0.05 level.  
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Summary of the multiple comparisons 

Compared depths Mean difference Leader Rank 

1-5cm versus 50cm 

              ,,        

75cm 

              ,,        

100cm 

0.5446 

0.9200 

1.4112 

1-5cm 2 

25cm versus 50cm 

               ,,       

75cm 

              ,,        

100cm 

0.6256 

1.0010 

1.4922 

25cm 1 

50cm versus  25cm 

             ,,         

75cm 

             ,,        

100cm  

-0.6256 

0.3754 

0.8666 

 

50cm 

 

5 

75cm versus 25cm 

               ,,      

100cm 

-1.0010 

0.4912 

 

75cm 

 

3 

100cm versus 1-

5cm 

               ,,       

25cm 

              ,,        

50cm 

              ,,        

75cm  

-1.4112 

-1.4922 

-0.8666 

-0.4912 

 

  

 

75cm 

 

 

 

3 

 

Summary of the multiple comparisons 

Compared metals Mean difference Leader Rank 

Fe versu  Ni 

        ,,       Pb 

        ,,       Cd 

-1.0644 

0.8208 

2.5874 

  

Fe 

 

  

3 

Mn  versus Ni 

           ,,       Pb 

          ,,        Cd 

-1.3794 

0.5058 

2.2724 

 

Mn 

 

4 

Ni  versus Fe 

          ,,       Mn 

         ,,        Pb 

          ,,        Cd 

1.0644 

1.3794 

1.8852 

3.6518 

Ni 

 

2 

Pb  versus Fe -0.8208   
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          ,,        Mn 

          ,,        Ni 

          ,,        Cd 

-0.5058 

-1.8852 

1.7666 

Pb 4 

Cd versus Fe 

        ,,       Mn 

        ,,       Ni 

        ,,       Pb 

-2.5874 

-2.2724 

-3.6518 

-1.7666 

 

Mn 

 

1 

 

 

 

APPENDIX XXVIII 

ANOVA ON DEPTH PROFILE OF Mo IN THE SOIL 

UNIANOVA Observations BY Metals Depths 

  /CRITERIA=ALPHA(0.05) 

Between-Subjects Factors 

  Value Label N 

Metals 1 Fe 5 

2 Mn 5 

3 Ni 5 

4 Pb 5 

5 Cd 5 

Depths 1 1-5cm 5 

2 25cm 5 

3 50cm 5 

4 75cm 5 

5 100cm 5 
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Tests of Between-Subjects Effects 

Dependent 

Variable:Observations 

    

Source 

Type III Sum 

of Squares Df Mean Square F Sig. 

Corrected 

Model 
1.685

a
 8 .211 10.349 .000 

Intercept 2.279 1 2.279 112.037 .000 

Metals 1.193 4 .298 14.654 .000 

Depths .492 4 .123 6.045 .004 

Error .326 16 .020   

Total 4.290 25    

Corrected Total 2.010 24    

a. R Squared = .838 (Adjusted R Squared = .757)   

 

Post Hoc Tests 

Depths 

Multiple Comparisons 

Observations 

LSD 

     

(I) 

Depths (J) Depths 

Mean 

Difference (I-

J) 

Std. 

Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

1-5cm 25cm .1252 .09021 .184 -.0660 .3164 

50cm .2488
*
 .09021 .014 .0576 .4400 

75cm .3556
*
 .09021 .001 .1644 .5468 

100cm .3676
*
 .09021 .001 .1764 .5588 

25cm 1-5cm -.1252 .09021 .184 -.3164 .0660 

50cm .1236 .09021 .190 -.0676 .3148 

75cm .2304
*
 .09021 .021 .0392 .4216 

100cm .2424
*
 .09021 .016 .0512 .4336 

50cm 1-5cm -.2488
*
 .09021 .014 -.4400 -.0576 

25cm -.1236 .09021 .190 -.3148 .0676 

75cm .1068 .09021 .254 -.0844 .2980 

100cm .1188 .09021 .206 -.0724 .3100 

75cm 1-5cm -.3556
*
 .09021 .001 -.5468 -.1644 
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25cm -.2304
*
 .09021 .021 -.4216 -.0392 

50cm -.1068 .09021 .254 -.2980 .0844 

100cm .0120 .09021 .896 -.1792 .2032 

100cm 1-5cm -.3676
*
 .09021 .001 -.5588 -.1764 

25cm -.2424
*
 .09021 .016 -.4336 -.0512 

50cm -.1188 .09021 .206 -.3100 .0724 

75cm -.0120 .09021 .896 -.2032 .1792 

Based on observed means. 

 The error term is Mean Square(Error) = .020. 

  

*. The mean difference is significant at the 0.05 level.   

 

Metals 

Multiple Comparisons 

Observations LSD      

(I) 

Metals (J) Metals 

Mean 

Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Fe Mn -.0168 .09021 .855 -.2080 .1744 

Ni -.4626
*
 .09021 .000 -.6538 -.2714 

Pb -.4672
*
 .09021 .000 -.6584 -.2760 

Cd -.4302
*
 .09021 .000 -.6214 -.2390 

Mn Fe .0168 .09021 .855 -.1744 .2080 

Ni -.4458
*
 .09021 .000 -.6370 -.2546 

Pb -.4504
*
 .09021 .000 -.6416 -.2592 

Cd -.4134
*
 .09021 .000 -.6046 -.2222 

Ni Fe .4626
*
 .09021 .000 .2714 .6538 

Mn .4458
*
 .09021 .000 .2546 .6370 

Pb -.0046 .09021 .960 -.1958 .1866 

Cd .0324 .09021 .724 -.1588 .2236 

Pb Fe .4672
*
 .09021 .000 .2760 .6584 

Mn .4504
*
 .09021 .000 .2592 .6416 

Ni .0046 .09021 .960 -.1866 .1958 

Cd .0370 .09021 .687 -.1542 .2282 

Cd Fe .4302
*
 .09021 .000 .2390 .6214 

Mn .4134
*
 .09021 .000 .2222 .6046 

Ni -.0324 .09021 .724 -.2236 .1588 

Pb -.0370 .09021 .687 -.2282 .1542 

Based on observed means. 

 The error term is Mean Square(Error) = .020. 
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Multiple Comparisons 

Observations LSD      

(I) 

Metals (J) Metals 

Mean 

Difference (I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Fe Mn -.0168 .09021 .855 -.2080 .1744 

Ni -.4626
*
 .09021 .000 -.6538 -.2714 

Pb -.4672
*
 .09021 .000 -.6584 -.2760 

Cd -.4302
*
 .09021 .000 -.6214 -.2390 

Mn Fe .0168 .09021 .855 -.1744 .2080 

Ni -.4458
*
 .09021 .000 -.6370 -.2546 

Pb -.4504
*
 .09021 .000 -.6416 -.2592 

Cd -.4134
*
 .09021 .000 -.6046 -.2222 

Ni Fe .4626
*
 .09021 .000 .2714 .6538 

Mn .4458
*
 .09021 .000 .2546 .6370 

Pb -.0046 .09021 .960 -.1958 .1866 

Cd .0324 .09021 .724 -.1588 .2236 

Pb Fe .4672
*
 .09021 .000 .2760 .6584 

Mn .4504
*
 .09021 .000 .2592 .6416 

Ni .0046 .09021 .960 -.1866 .1958 

Cd .0370 .09021 .687 -.1542 .2282 

Cd Fe .4302
*
 .09021 .000 .2390 .6214 

Mn .4134
*
 .09021 .000 .2222 .6046 

Ni -.0324 .09021 .724 -.2236 .1588 

Pb -.0370 .09021 .687 -.2282 .1542 

*. The mean difference is significant at the 0.05 level.  

 

Summary of the multiple comparisons 

Compared depths Mean difference Leader Rank 

1-5cm versus 50cm 

              ,,        

75cm 

              ,,        

100cm 

0.2488 

0.3556 

0.3676 

1-5cm 1 

25cm versus 1-5cm 

               ,,       

75cm 

              ,,        

100cm 

-0.1252 

0.2304 

0.2424 

1-5cmcm 5 

50cm versus 1-5cm -0.2488 1-5cm 1 
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75cm versus 1-

5cmcm 

               ,,      25cm 

-0.3556 

-0.2304 

 

25cm 

 

4 

100cm versus 1-

5cm 

                ,,         

25cm 

-0.3676 

-0.2424 

 

25cm 

 

1 

 

 

Summary of the multiple comparisons 

Compared metals Mean difference Leader Rank 

Fe versus  Ni 

        ,,       Pb 

        ,,       Cd 

-0.4626 

-0.4672 

-0.4302 

  

Pb 

 

  

1 

 

Mn  versus Ni 

           ,,       Pb 

          ,,        Cd 

-0.4458 

-0.4504 

-0.4134 

 

 

Cd 

 

 

4 

Ni versus Fe 

         ,,       Mn 

0.4626 

0.4458 

 

Ni 

 

3 

Pb versus Fe 

         ,,       Mn 

0.4672 

0.4504 

 

Pb 

 

2 

Cd versus Fe 

         ,,       Mn 

0.4302 

0.4134 

 

Cd 

 

4 
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APPENDIX XXIX 

ANOVA ON DEPTH PROFILE OF Se IN THE SOIL 

UNIANOVA Observations BY Metals Depths 

/CRITERIA=ALPHA(0.05) 

/DESIGN=Metals Depths. 

 

Between-Subjects Factors 

  Value Label N 

Metals 1 Fe 5 

2 Mn 5 

3 Ni 5 

4 Pb 5 

5 Cd 5 

Depths 1 1-5cm 5 

2 25cm 5 

3 50cm 5 

4 75cm 5 

5 100cm 5 

 

 

Tests of Between-Subjects Effects 

Dependent 

Variable:Observations 

    

Source 

Type III Sum 

of Squares Df Mean Square F Sig. 

Corrected 

Model 
29.899

a
 8 3.737 17.809 .000 

Intercept 37.620 1 37.620 179.267 .000 

Metals 26.461 4 6.615 31.523 .000 

Depths 3.438 4 .860 4.096 .018 

Error 3.358 16 .210   

Total 70.876 25    

Corrected Total 33.256 24    

a. R Squared = .899 (Adjusted R Squared = .849)   
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Post Hoc Tests 

Depths 

Multiple Comparisons 

Observations LSD      

(I) 

Depths (J) Depths 

Mean 

Difference 

(I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

1-5cm 25cm .0264 .28973 .929 -.5878 .6406 

50cm .6430
*
 .28973 .041 .0288 1.2572 

75cm .6385
*
 .28973 .043 .0243 1.2527 

100cm .9326
*
 .28973 .005 .3184 1.5468 

25cm 1-5cm -.0264 .28973 .929 -.6406 .5878 

50cm .6166
*
 .28973 .049 .0024 1.2308 

75cm .6121 .28973 .051 -.0021 1.2263 

100cm .9062
*
 .28973 .006 .2920 1.5204 

50cm 1-5cm -.6430
*
 .28973 .041 -1.2572 -.0288 

25cm -.6166
*
 .28973 .049 -1.2308 -.0024 

75cm -.0045 .28973 .988 -.6187 .6097 

100cm .2896 .28973 .332 -.3246 .9038 

75cm 1-5cm -.6385
*
 .28973 .043 -1.2527 -.0243 

25cm -.6121 .28973 .051 -1.2263 .0021 

50cm .0045 .28973 .988 -.6097 .6187 

100cm .2941 .28973 .325 -.3201 .9083 

100cm 1-5cm -.9326
*
 .28973 .005 -1.5468 -.3184 

25cm -.9062
*
 .28973 .006 -1.5204 -.2920 

50cm -.2896 .28973 .332 -.9038 .3246 

75cm -.2941 .28973 .325 -.9083 .3201 

Based on observed means. 

 The error term is Mean Square(Error) = .210. 

  

*. The mean difference is significant at the 0.05 level.   
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Metals 

Multiple Comparisons 

Observations 

LSD 

     

(I) 

Metals 

(J) 

Metals 

Mean 

Difference (I-

J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Fe Mn -.0019 .28973 .995 -.6161 .6123 

Ni -1.4339
*
 .28973 .000 -2.0481 -.8197 

Pb -2.2165
*
 .28973 .000 -2.8307 -1.6023 

Cd -2.3527
*
 .28973 .000 -2.9669 -1.7385 

Mn Fe .0019 .28973 .995 -.6123 .6161 

Ni -1.4320
*
 .28973 .000 -2.0462 -.8178 

Pb -2.2146
*
 .28973 .000 -2.8288 -1.6004 

Cd -2.3508
*
 .28973 .000 -2.9650 -1.7366 

Ni Fe 1.4339
*
 .28973 .000 .8197 2.0481 

Mn 1.4320
*
 .28973 .000 .8178 2.0462 

Pb -.7826
*
 .28973 .016 -1.3968 -.1684 

Cd -.9188
*
 .28973 .006 -1.5330 -.3046 

Pb Fe 2.2165
*
 .28973 .000 1.6023 2.8307 

Mn 2.2146
*
 .28973 .000 1.6004 2.8288 

Ni .7826
*
 .28973 .016 .1684 1.3968 

Cd -.1362 .28973 .645 -.7504 .4780 

Cd Fe 2.3527
*
 .28973 .000 1.7385 2.9669 

Mn 2.3508
*
 .28973 .000 1.7366 2.9650 

Ni .9188
*
 .28973 .006 .3046 1.5330 

Pb .1362 .28973 .645 -.4780 .7504 

Based on observed means. 

 The error term is Mean Square(Error) = .210. 

  

*. The mean difference is significant at the 0.05 level.  
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Summary of the multiple comparisons 

Compared depths Mean difference Leader Rank 

1-5cm versus 50cm 

              ,,        

75cm 

              ,,        

100cm 

0.6430 

0.6385 

0.9326 

 

1-5cm 

 

2 

25cm versus 50cm 

               ,,        

100cm 

0.6166 

0.9062 

25cm 4 

50cm versus 1-5cm 

               ,,       

25cm 

-0.6430 

-0.6166 

 

25cm 

 

 

4 

75cm versus 1-

5cmcm 

                

-0.6385 1-5cm 

 

2 

 

100cm versus 1-

5cm 

                ,,         

25cm 

-0.9326 

-0.9062 

 

25cm 

 

1 

 

Summary of the multiple comparisons 

Compared metals Mean difference Leader Rank 

Fe versus  Ni 

        ,,       Pb 

        ,,       Cd 

-1.4339 

-2.2165 

-2.3527 

Ni  

 

 

 

 1 

 

 

Mn  versus Ni 

           ,,       Pb 

          ,,        Cd 

-1.4320 

-2.2146 

-2.3508 

Ni 2 

 

 

Ni versus Fe 

         ,,       Mn 

         ,,       Pb 

         ,,       Cd    

1.4339 

1.4320 

-0.7826 

-0.9188 

 

 

Pb 

 

 

4 

Pb versus Fe 

         ,,       Mn 

         ,,       Ni  

2.2165 

2.2146 

0.7826 

 

 

Pb 

 

 

4 

Cd versus Fe 

         ,,       Mn 

         ,,       Ni 

2.3527 

2.3508 

0.9188 

 

 

Cd 

 

 

3 
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APPENDIX XXX 

ANOVA ON DEPTH PROFILE OF Hg IN THE SOIL 

UNIANOVA Observations BY Metals Depths 

/CRITERIA=ALPHA(0.05) 

/DESIGN=Metals Depths. 

 

Univariate Analysis of Variance 

Between-Subjects Factors 

  Value Label N 

Metals 4 Pb 4 

5 Cd 1 

Depths 1 1-5cm 2 

2 25cm 1 

3 50cm 1 

5 100cm 1 

 

 

Tests of Between-Subjects Effects 

Dependent 

Variable:Observations 

    

Source 

Type III Sum 

of Squares Df Mean Square F Sig. 

Corrected 

Model 
2.219

a
 4 .555 . . 

Intercept 1.562 1 1.562 . . 

Metals .324 1 .324 . . 

Depths 2.107 3 .702 . . 

Error .000 0 .   

Total 3.763 5    

Corrected Total 2.219 4    

a. R Squared = 1.000 (Adjusted R Squared = .)   
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Summary of the multiple comparisons 

Compared metals Mean difference Leader Rank 

Fe versus Mn 

        ,,        Ni 

        ,,       Pb 

        ,,        Cd 

        ,,        Co 

        ,,       Zn 

        ,,       Cr 

        ,,       Cu 

        ,,       As 

        ,,       Mo 

        ,,       Se 

        ,,       Hg        

4.4116 

5.5869 

4.3527 

5.6636 

5.5230 

5.3669 

5.4862 

5.6395 

3.9946 

5.6062 

5.1481 

5.5466 

 

 

Fe 

 

 

 

 

 

 

 

 

11 

Mn  versus Fe -4.4116 Fe 10 

Ni  versus Fe -5.5869 Fe 4 

Pb  versus Fe -4.3527 Fe 12 

Cd  versus Fe -5.6636 Fe 1 

Co  versus Fe -5.5230 Fe 6 

Zn  versus Fe -5.3669 Fe 8 

Cr  versus Fe -5.4862 Fe 7 

Cu  versus Fe -5.6395 Fe 2 

As  versus Fe -3.9946 Fe 13 

Mo  versus Fe -5.6062 Fe 3 

Se  versus Fe -5.1481 Fe 9 

Hg  versus Fe -5.5466 Fe 5 
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APPENDIX XXXI 

ANOVA ON METAL FRACTIONS OF THE SEDIMENT OF OJI RIVER 

Between-Subjects Factors 

  Value Label N 

Metals 1 Fe 5 

2 Mn 5 

3 Ni 4 

4 Pb 5 

5 Cd 4 

6 Co 5 

7 Zn 5 

8 Cr 5 

9 Cu 5 

10 As 5 

11 Mo 3 

12 Se 4 

13 Hg 1 

Fractions 1 F1 10 

2 F2 12 

3 F3 12 

4 F4 11 

5 F5 11 

 

 

Tests of Between-Subjects Effects 

Dependent Variable:Observations     

Source 

Type III Sum 

of Squares df Mean Square F Sig. 

Corrected Model 92.407
a
 16 5.775 3.079 .002 

Intercept 26.304 1 26.304 14.024 .001 

Metals 73.998 12 6.166 3.288 .002 

Fractions 16.527 4 4.132 2.203 .087 

Error 73.149 39 1.876   

Total 202.944 56    

Corrected Total 165.555 55    
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Tests of Between-Subjects Effects 

Dependent Variable:Observations     

Source 

Type III Sum 

of Squares df Mean Square F Sig. 

Corrected Model 92.407
a
 16 5.775 3.079 .002 

Intercept 26.304 1 26.304 14.024 .001 

Metals 73.998 12 6.166 3.288 .002 

Fractions 16.527 4 4.132 2.203 .087 

Error 73.149 39 1.876   

Total 202.944 56    

a. R Squared = .558 (Adjusted R Squared = .377)   

 

Summary of the multiple comparisons 

Compared fractions Mean difference Leader Rank 

F1  versus F5 -1.5375 F5 1 

F2  versus F5 -1.4361 F5 2 

F4  versus F5 -1.3802 F5 3 

F5  versus F1 

         ,,       F2 

        ,,        F4 

1.5375 

1.4361 

1.3802 

 

 

F5 

 

 

3 

 

Post Hoc Tests Fractions 

Multiple Comparisons 

Observations LSD      

(I) 

Fraction

s 

(J) 

Fractions 

Mean 

Difference 

(I-J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

F1 F2 -.1014 .58640 .864 -1.2875 1.0848 

F3 -.7728 .58640 .195 -1.9589 .4133 

F4 -.1573 .59839 .794 -1.3676 1.0531 

F5 -1.5375
*
 .59839 .014 -2.7478 -.3271 

F2 F1 .1014 .58640 .864 -1.0848 1.2875 

F3 -.6714 .55911 .237 -1.8023 .4595 

F4 -.0559 .57167 .923 -1.2123 1.1004 

F5 -1.4361
*
 .57167 .016 -2.5924 -.2798 

F3 F1 .7728 .58640 .195 -.4133 1.9589 

F2 .6714 .55911 .237 -.4595 1.8023 

F4 .6155 .57167 .288 -.5408 1.7718 
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F5 -.7647 .57167 .189 -1.9210 .3916 

F4 F1 .1573 .59839 .794 -1.0531 1.3676 

F2 .0559 .57167 .923 -1.1004 1.2123 

F3 -.6155 .57167 .288 -1.7718 .5408 

F5 -1.3802
*
 .58397 .023 -2.5614 -.1990 

F5 F1 1.5375
*
 .59839 .014 .3271 2.7478 

F2 1.4361
*
 .57167 .016 .2798 2.5924 

F3 .7647 .57167 .189 -.3916 1.9210 

F4 1.3802
*
 .58397 .023 .1990 2.5614 

Based on observed means. 

 The error term is Mean Square(Error) = 1.876. 

  

*. The mean difference is significant at the 0.05 level. 

 

 

 

 

 

APPENDIX XXXII 

ANOVA ON HEAVY METAL CONCENTRATIONS IN THE SEDIMENT OF OJI 

RIVER 

 

UNIANOVA Observations BY Fractions Metals 

  /CRITERIA=ALPHA(0.05) 

  /DESIGN=Fractions Metals. 

Between-Subjects Factors 

  Value Label N 

Fractions 1 F1 13 

2 F2 13 

3 F3 13 

4 F4 13 

5 F5 13 

Metals 1 Fe 5 

2 Mn 5 

3 Ni 5 

4 Pb 5 

5 Cd 5 

6 Co 5 
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7 Zn 5 

8 Cr 5 

9 Cu 5 

10 As 5 

11 Mo 5 

12 Se 5 

13 Hg 5 

 

 

Tests of Between-Subjects Effects 

Dependent 

Variable:Observations 

    

Source 

Type III Sum 

of Squares df Mean Square F Sig. 

Corrected 

Model 
94.028

a
 16 5.877 3.678 .000 

Intercept 32.212 1 32.212 20.158 .000 

Fractions 16.136 4 4.034 2.524 .053 

Metals 77.892 12 6.491 4.062 .000 

Error 76.704 48 1.598   

Total 202.944 65    

Corrected Total 170.732 64    

a. R Squared = .551 (Adjusted R Squared = .401)   

 

 

Post Hoc Tests 

Mtals 

Multiple Comparisons 

ObservationsLS

D 

     

(I) 

Metals 

(J) 

Metals 

Mean 

Difference (I-

J) Std. Error Sig. 

95% Confidence Interval 

Lower Bound Upper Bound 

Fe Mn 3.1618
*
 .79950 .000 1.5543 4.7693 

Ni 3.8690
*
 .79950 .000 2.2615 5.4765 
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Pb 1.4966 .79950 .067 -.1109 3.1041 

Cd 3.8016
*
 .79950 .000 2.1941 5.4091 

Co 3.3590
*
 .79950 .000 1.7515 4.9665 

Zn 3.6196
*
 .79950 .000 2.0121 5.2271 

Cr 3.7208
*
 .79950 .000 2.1133 5.3283 

Cu 3.8176
*
 .79950 .000 2.2101 5.4251 

As 3.6974
*
 .79950 .000 2.0899 5.3049 

Mo 3.7274
*
 .79950 .000 2.1199 5.3349 

Se 3.5996
*
 .79950 .000 1.9921 5.2071 

Hg 3.5012
*
 .79950 .000 1.8937 5.1087 

Mn Fe -3.1618
*
 .79950 .000 -4.7693 -1.5543 

Ni .7072 .79950 .381 -.9003 2.3147 

Pb -1.6652
*
 .79950 .043 -3.2727 -.0577 

Cd .6398 .79950 .428 -.9677 2.2473 

Co .1972 .79950 .806 -1.4103 1.8047 

Zn .4578 .79950 .570 -1.1497 2.0653 

Cr .5590 .79950 .488 -1.0485 2.1665 

Cu .6558 .79950 .416 -.9517 2.2633 

As .5356 .79950 .506 -1.0719 2.1431 

Mo .5656 .79950 .483 -1.0419 2.1731 

Se .4378 .79950 .587 -1.1697 2.0453 

Hg .3394 .79950 .673 -1.2681 1.9469 

Ni Fe -3.8690
*
 .79950 .000 -5.4765 -2.2615 

Mn -.7072 .79950 .381 -2.3147 .9003 

Pb -2.3724
*
 .79950 .005 -3.9799 -.7649 

Cd -.0674 .79950 .933 -1.6749 1.5401 

Co -.5100 .79950 .527 -2.1175 1.0975 

Zn -.2494 .79950 .756 -1.8569 1.3581 

Cr -.1482 .79950 .854 -1.7557 1.4593 

Cu -.0514 .79950 .949 -1.6589 1.5561 

As -.1716 .79950 .831 -1.7791 1.4359 

Mo -.1416 .79950 .860 -1.7491 1.4659 

Se -.2694 .79950 .738 -1.8769 1.3381 

Hg -.3678 .79950 .648 -1.9753 1.2397 

Pb Fe -1.4966 .79950 .067 -3.1041 .1109 

Mn 1.6652
*
 .79950 .043 .0577 3.2727 

Ni 2.3724
*
 .79950 .005 .7649 3.9799 
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Cd 2.3050
*
 .79950 .006 .6975 3.9125 

Co 1.8624
*
 .79950 .024 .2549 3.4699 

Zn 2.1230
*
 .79950 .011 .5155 3.7305 

Cr 2.2242
*
 .79950 .008 .6167 3.8317 

Cu 2.3210
*
 .79950 .006 .7135 3.9285 

As 2.2008
*
 .79950 .008 .5933 3.8083 

Mo 2.2308
*
 .79950 .008 .6233 3.8383 

Se 2.1030
*
 .79950 .011 .4955 3.7105 

Hg 2.0046
*
 .79950 .016 .3971 3.6121 

Cd Fe -3.8016
*
 .79950 .000 -5.4091 -2.1941 

Mn -.6398 .79950 .428 -2.2473 .9677 

Ni .0674 .79950 .933 -1.5401 1.6749 

Pb -2.3050
*
 .79950 .006 -3.9125 -.6975 

Co -.4426 .79950 .582 -2.0501 1.1649 

Zn -.1820 .79950 .821 -1.7895 1.4255 

Cr -.0808 .79950 .920 -1.6883 1.5267 

Cu .0160 .79950 .984 -1.5915 1.6235 

As -.1042 .79950 .897 -1.7117 1.5033 

Mo -.0742 .79950 .926 -1.6817 1.5333 

Se -.2020 .79950 .802 -1.8095 1.4055 

Hg -.3004 .79950 .709 -1.9079 1.3071 

Co Fe -3.3590
*
 .79950 .000 -4.9665 -1.7515 

Mn -.1972 .79950 .806 -1.8047 1.4103 

Ni .5100 .79950 .527 -1.0975 2.1175 

Pb -1.8624
*
 .79950 .024 -3.4699 -.2549 

Cd .4426 .79950 .582 -1.1649 2.0501 

Zn .2606 .79950 .746 -1.3469 1.8681 

Cr .3618 .79950 .653 -1.2457 1.9693 

Cu .4586 .79950 .569 -1.1489 2.0661 

As .3384 .79950 .674 -1.2691 1.9459 

Mo .3684 .79950 .647 -1.2391 1.9759 

Se .2406 .79950 .765 -1.3669 1.8481 

Hg .1422 .79950 .860 -1.4653 1.7497 

Zn Fe -3.6196
*
 .79950 .000 -5.2271 -2.0121 

Mn -.4578 .79950 .570 -2.0653 1.1497 

Ni .2494 .79950 .756 -1.3581 1.8569 

Pb -2.1230
*
 .79950 .011 -3.7305 -.5155 

Cd .1820 .79950 .821 -1.4255 1.7895 
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Co -.2606 .79950 .746 -1.8681 1.3469 

Cr .1012 .79950 .900 -1.5063 1.7087 

Cu .1980 .79950 .805 -1.4095 1.8055 

As .0778 .79950 .923 -1.5297 1.6853 

Mo .1078 .79950 .893 -1.4997 1.7153 

Se -.0200 .79950 .980 -1.6275 1.5875 

Hg -.1184 .79950 .883 -1.7259 1.4891 

Cr Fe -3.7208
*
 .79950 .000 -5.3283 -2.1133 

Mn -.5590 .79950 .488 -2.1665 1.0485 

Ni .1482 .79950 .854 -1.4593 1.7557 

Pb -2.2242
*
 .79950 .008 -3.8317 -.6167 

Cd .0808 .79950 .920 -1.5267 1.6883 

Co -.3618 .79950 .653 -1.9693 1.2457 

Zn -.1012 .79950 .900 -1.7087 1.5063 

Cu .0968 .79950 .904 -1.5107 1.7043 

As -.0234 .79950 .977 -1.6309 1.5841 

Mo .0066 .79950 .993 -1.6009 1.6141 

Se -.1212 .79950 .880 -1.7287 1.4863 

Hg -.2196 .79950 .785 -1.8271 1.3879 

Cu Fe -3.8176
*
 .79950 .000 -5.4251 -2.2101 

Mn -.6558 .79950 .416 -2.2633 .9517 

Ni .0514 .79950 .949 -1.5561 1.6589 

Pb -2.3210
*
 .79950 .006 -3.9285 -.7135 

Cd -.0160 .79950 .984 -1.6235 1.5915 

Co -.4586 .79950 .569 -2.0661 1.1489 

Zn -.1980 .79950 .805 -1.8055 1.4095 

Cr -.0968 .79950 .904 -1.7043 1.5107 

As -.1202 .79950 .881 -1.7277 1.4873 

Mo -.0902 .79950 .911 -1.6977 1.5173 

Se -.2180 .79950 .786 -1.8255 1.3895 

Hg -.3164 .79950 .694 -1.9239 1.2911 

As Fe -3.6974
*
 .79950 .000 -5.3049 -2.0899 

Mn -.5356 .79950 .506 -2.1431 1.0719 

Ni .1716 .79950 .831 -1.4359 1.7791 

Pb -2.2008
*
 .79950 .008 -3.8083 -.5933 

Cd .1042 .79950 .897 -1.5033 1.7117 

Co -.3384 .79950 .674 -1.9459 1.2691 

Zn -.0778 .79950 .923 -1.6853 1.5297 
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Cr .0234 .79950 .977 -1.5841 1.6309 

Cu .1202 .79950 .881 -1.4873 1.7277 

Mo .0300 .79950 .970 -1.5775 1.6375 

Se -.0978 .79950 .903 -1.7053 1.5097 

Hg -.1962 .79950 .807 -1.8037 1.4113 

Mo Fe -3.7274
*
 .79950 .000 -5.3349 -2.1199 

Mn -.5656 .79950 .483 -2.1731 1.0419 

Ni .1416 .79950 .860 -1.4659 1.7491 

Pb -2.2308
*
 .79950 .008 -3.8383 -.6233 

Cd .0742 .79950 .926 -1.5333 1.6817 

Co -.3684 .79950 .647 -1.9759 1.2391 

Zn -.1078 .79950 .893 -1.7153 1.4997 

Cr -.0066 .79950 .993 -1.6141 1.6009 

Cu .0902 .79950 .911 -1.5173 1.6977 

As -.0300 .79950 .970 -1.6375 1.5775 

Se -.1278 .79950 .874 -1.7353 1.4797 

Hg -.2262 .79950 .778 -1.8337 1.3813 

Se Fe -3.5996
*
 .79950 .000 -5.2071 -1.9921 

Mn -.4378 .79950 .587 -2.0453 1.1697 

Ni .2694 .79950 .738 -1.3381 1.8769 

Pb -2.1030
*
 .79950 .011 -3.7105 -.4955 

Cd .2020 .79950 .802 -1.4055 1.8095 

Co -.2406 .79950 .765 -1.8481 1.3669 

Zn .0200 .79950 .980 -1.5875 1.6275 

Cr .1212 .79950 .880 -1.4863 1.7287 

Cu .2180 .79950 .786 -1.3895 1.8255 

As .0978 .79950 .903 -1.5097 1.7053 

Mo .1278 .79950 .874 -1.4797 1.7353 

Hg -.0984 .79950 .903 -1.7059 1.5091 

Hg Fe -3.5012
*
 .79950 .000 -5.1087 -1.8937 

Mn -.3394 .79950 .673 -1.9469 1.2681 

Ni .3678 .79950 .648 -1.2397 1.9753 

Pb -2.0046
*
 .79950 .016 -3.6121 -.3971 

Cd .3004 .79950 .709 -1.3071 1.9079 

Co -.1422 .79950 .860 -1.7497 1.4653 

Zn .1184 .79950 .883 -1.4891 1.7259 

Cr .2196 .79950 .785 -1.3879 1.8271 

Cu .3164 .79950 .694 -1.2911 1.9239 
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As .1962 .79950 .807 -1.4113 1.8037 

Mo .2262 .79950 .778 -1.3813 1.8337 

Se .0984 .79950 .903 -1.5091 1.7059 

Based on observed means. 

 The error term is Mean Square(Error) = 1.598. *. 

The mean difference is significant at the 0.05 level. 

 

  

 

 

 

Summary of the multiple comparisons 

Compared metals Mean difference Leader Rank 

Fe versus Mn 

        ,,        Ni 

        ,,        Cd 

        ,,        Co 

        ,,        Zn 

        ,,       Cr 

        ,,       Cu 

        ,,       As 

        ,,       Mo 

        ,,       Se 

        ,,       Hg        

3.1618 

3.8690 

3.8016 

3.3590 

3.6196 

3.7208 

3.8176 

3.6974 

3.7274 

3.5996 

3.5012 

Fe 1 

Mn versus Fe 

        ,,         Pb  

-3.1618 

-1.6652 

 

Pb 

 

2 

Ni versus Fe 

        ,,         Pb 

-3.8690 

-2.3724 

 

Pb 

 

13 

Pb  versus Mn 

        ,,        Ni 

        ,,        Cd 

        ,,        Co 

        ,,        Zn 

        ,,       Cr 

        ,,       Cu 

        ,,       As 

        ,,       Mo 

        ,,       Se 

        ,,       Hg        

1.6652 

2.3724 

2.3050 

1.8624 

2.1230 

2.2242 

2.3210 

2.2008 

2.2308 

2.1030 

2.0046 

Pb 2 

Cd versus Fe 

        ,,         Pb 

-3.8016 

-2.3050 

 

Pb 

 

11 

Co versus Fe -3.3590   
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        ,,         Pb -1.8624 Pb 4 

Zn versus Fe 

        ,,         Pb 

-3.6196 

-2.1230 

 

Pb 

 

7 

Cr  versus Fe 

        ,,         Pb 

-3.7208 

-2.2242 

 

Pb 

 

9 

Cu versus Fe 

        ,,         Pb 

-3.8176 

-2.3210 

 

Pb 

 

12 

As  versus Fe 

        ,,         Pb 

-3.6974 

-2.2008 

 

Pb 

 

8 

Mo  versus Fe 

        ,,         Pb 

-3.7274 

-2.2308 

 

Pb 

 

10 

Se  versus Fe 

        ,,         Pb 

-3.5996 

-2.1030 

 

Pb 

 

6 

Hg  versus Fe 

        ,,         Pb 

-3.5012 

-2.0046 

 

Pb 

 

5 

 

Fe leads followed by Pb 

 

APPENDIX XXXIII 

Paired Samples Correlations between the sediment 

and the study area 

  N Correlation Sig. 

Pair 1 Fe sedi & Fe study 5 .928 .023 

Pair 2 Mn sedi & Mn study 5 .997 .000 

Pair 3 Ni sedi & Ni study 4 .300 .700 

Pair 4 Pb sedi & Pb study 5 .892 .042 

Pair 5 Cd sedi & Cd study 4 .610 .390 

Pair 6 Co sedi & Co study 5 .995 .000 

Pair 7 Zn sedi & Zn study 5 .963 .009 

Pair 8 Cr sedi & Cr study 5 .998 .000 

Pair 9 Cu sedi & Cu study 5 .974 .005 

Pair 10 As sedi & As study 5 -.422 .479 

Pair 11 Mo sedi & Mo study 3 .221 .858 
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APPENDIX XXXIV 

  CORRELATION OF Fe IN THE DRINKING WATER SOURCES AND THE 

SOIL 

 

Correlations 

  

Fe 

Metal frac. of 

Fe 

Fe Pearson Correlation 1 -.331 

Sig. (2-tailed)  .785 

N 5 3 

Metal frac. of 

Fe 

Pearson Correlation -.331 1 

Sig. (2-tailed) .785  

N 3 3 

 

 

APPENDIX XXXV 

CORRELATION OF Mn IN THE DRINKING WATER SOURCES AND THE 

SOIL 

Correlations 

  

Mn 

Metal frac. of 

Mn 

Mn Pearson Correlation 1 -.553 

Sig. (2-tailed)  .627 

N 5 3 

Metal frac. of 

Mn 

Pearson Correlation -.553 1 

Sig. (2-tailed) .627  

N 3 3 

 

 

 

 

 



309 

 

APPENDIX XXXVI 

CORRELATION OF Ni IN THE DRINKING WATER SOURCES AND THE 

SOIL 

Correlations 

  

Ni 

Metal frac. of 

Ni 

Ni Pearson Correlation 1 .824 

Sig. (2-tailed)  .383 

N 5 3 

Metal frac. of 

Ni 

Pearson Correlation .824 1 

Sig. (2-tailed) .383  

N 3 3 

 

 

APPENDIX XXXVII 

 CORRELATION OF Pb IN THE DRINKING WATER SOURCES AND THE 

SOIL 

   

 

Correlations 

  

Pb 

Metal frac. of 

pb 

Pb Pearson Correlation .
a
 .

a
 

Sig. (2-tailed)  . 

N 0 0 

Metal frac. of 

pb 

Pearson Correlation .
a
 1 

Sig. (2-tailed) .  

N 0 3 

a. Cannot be computed because at least one of the variables is 

constant. 
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APPENDIX XXXVIII 

CORRELATION OF Cd IN THE DRINKING WATER SOURCES AND THE 

SOIL 

 

Correlations 

  

Cd 

Metal frac. of 

Cd 

Cd Pearson Correlation .
a
 .

a
 

Sig. (2-tailed)  . 

N 1 0 

Metal frac. of 

Cd 

Pearson Correlation .
a
 1 

Sig. (2-tailed) .  

N 0 3 

a. Cannot be computed because at least one of the 

variables is constant. 

 

 

APPENDIX XXXIX 

CORRELATION OF Co IN THE DRINKING WATER SOURCES AND THE 

SOIL 

  Correlations 

  

Co 

Metal frac. of 

Co 

Co Pearson Correlation 1 .883 

Sig. (2-tailed)  .311 

N 5 3 

Metal frac. of 

Co 

Pearson Correlation .883 1 

Sig. (2-tailed) .311  

N 3 3 
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APPENDIX XL 

CORRELATION OF Zn IN THE DRINKING WATER SOURCES AND THE 

SOIL 

 

Correlations 

  

Zn 

Metal frac. of 

Zn 

Zn Pearson Correlation 1 .448 

Sig. (2-tailed)  .705 

N 5 3 

Metal frac. of 

Zn 

Pearson Correlation .448 1 

Sig. (2-tailed) .705  

N 3 3 

 

 

APPENDIX XLI 

CORRELATION OF Cr IN THE DRINKING WATER SOURCES AND THE 

SOIL 

Correlations 

  

Cr 

Metal frac. of 

Cr 

Cr Pearson Correlation 1 -.442 

Sig. (2-tailed)  .708 

N 4 3 

Metal frac. of 

Cr 

Pearson Correlation -.442 1 

Sig. (2-tailed) .708  

N 3 3 
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APPENDIX XLII 

CORRELATION OF Cu IN THE DRINKING WATER SOURCES AND THE 

SOIL 

Correlations 

  

Cu 

Metal frac. of 

Cu 

Cu Pearson Correlation .
a
 .

a
 

Sig. (2-tailed)  . 

N 1 1 

Metal frac. of Cu Pearson Correlation .
a
 1 

Sig. (2-tailed) .  

N 1 3 

a. Cannot be computed because at least one of the variables is 

constant. 

 

 

 

 

APPENDIX XLIII 

CORRELATION OF As IN THE DRINKING WATER SOURCES AND THE 

SOIL 

Correlations 

  

As 

Metal frac. of 

As 

As Pearson Correlation 1 -.316 

Sig. (2-tailed)  .795 

N 5 3 

Metal frac. of 

As 

Pearson Correlation -.316 1 

Sig. (2-tailed) .795  

N 3 3 
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APPENDIX XLIV 

CORRELATION OF Mo IN THE DRINKING WATER SOURCES AND THE 

SOIL 

Correlations 

  

Mo 

Metal frac. of 

Mo 

Mo Pearson Correlation 1 -.315 

Sig. (2-tailed)  .796 

N 5 3 

Metal frac. of 

Mo 

Pearson Correlation -.315 1 

Sig. (2-tailed) .796  

N 3 3 

 

 

APPENDIX XLV 

CORRELATION OF Se IN THE DRINKING WATER SOURCES AND THE 

SOIL 

Correlations 

  

Se 

Metal frac. of 

Se 

Se Pearson Correlation 1 .300 

Sig. (2-tailed)  .806 

N 5 3 

Metal frac. of 

Se 

Pearson Correlation .300 1 

Sig. (2-tailed) .806  

N 3 3 
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APPENDIX XLVI 

CORRELATION OF Hg IN THE DRINKING WATER SOURCES AND THE 

SOIL 

Correlations 

  

Hg 

Metal frac. of 

Hg 

Hg Pearson Correlation 1 .
a
 

Sig. (2-tailed)  . 

N 5 0 

Metal frac. of 

Hg 

Pearson Correlation .
a
 .

a
 

Sig. (2-tailed) .  

N 0 0 

a. Cannot be computed because at least one of the 

variables is constant. 

 

 

 

APPENDIX XLVII 

CORRELATION OF Fe IN THE OJI RIVER WATER SAMPLES AND BAF IN 

THE SOIL 

Correlations 

  

Fe 

Fractions in 

Fe 

Fe Pearson Correlation 1 -.331 

Sig. (2-tailed)  .785 

N 5 3 

Fractions in Fe Pearson Correlation -.331 1 

Sig. (2-tailed) .785  

N 3 3 
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APPENDIX XLVIII 

CORRELATION OF Mn IN THE OJI RIVER WATER SAMPLES AND BAF IN 

THE SOIL 

Correlations 

  

Mn 

Fractions in 

Mn 

Mn Pearson Correlation 1 -.553 

Sig. (2-tailed)  .627 

N 5 3 

Fractions in 

Mn 

Pearson Correlation -.553 1 

Sig. (2-tailed) .627  

N 3 3 

 

 

APPENDIX XLIX 

CORRELATION OF Ni IN THE OJI RIVER WATER SAMPLES AND BAF IN 

THE SOIL 

Correlations 

  

Ni 

Fractions in 

Ni 

Ni Pearson Correlation 1 .824 

Sig. (2-tailed)  .383 

N 5 3 

Fractions in Ni Pearson Correlation .824 1 

Sig. (2-tailed) .383  

N 3 3 

 

 

 

 

 

 



316 

APPENDIX L 

CORRELATION OF Pb IN THE OJI RIVER WATER SAMPLES AND BAF IN 

THE SOIL 

Correlations 

  

Pb 

Fractions in 

Pb 

Pb Pearson Correlation .
a
 .

a
 

Sig. (2-tailed)  . 

N 0 0 

Fractions in Pb Pearson Correlation .
a
 1 

Sig. (2-tailed) .  

N 0 3 

a. Cannot be computed because at least one of the variables is 

constant. 

 

 

APPENDIX LI 

CORRELATION OF Cd IN THE OJI RIVER WATER SAMPLES AND BAF IN 

THE SOIL 

Correlations 

  

Cd 

Fractions in 

Cd 

Cd Pearson Correlation .
a
 .

a
 

Sig. (2-tailed)  . 

N 1 0 

Fractions in Cd Pearson Correlation .
a
 1 

Sig. (2-tailed) .  

N 0 3 

a. Cannot be computed because at least one of the variables is 

constant. 
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APPENDIX LII 

CORRELATION OF Co IN THE OJI RIVER WATER SAMPLES AND BAF IN 

THE SOIL 

Correlations 

  

Co 

Fractions in 

Co 

Co Pearson Correlation 1 .883 

Sig. (2-tailed)  .311 

N 5 3 

Fractions in Co Pearson Correlation .883 1 

Sig. (2-tailed) .311  

N 3 3 

 

 

APPENDIX LIII 

CORRELATION OF Zn IN THE OJI RIVER WATER SAMPLES AND BAF IN 

THE SOIL 

Correlations 

  

Zn 

Fractions in 

Zn 

Zn Pearson Correlation 1 .448 

Sig. (2-tailed)  .705 

N 5 3 

Fractions in Zn Pearson Correlation .448 1 

Sig. (2-tailed) .705  

N 3 3 
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APPENDIX LIV 

CORRELATION OF Cr IN THE OJI RIVER WATER SAMPLES AND BAF IN 

THE SOIL 

Correlations 

  

Cr 

Fractions in 

Cr 

Cr Pearson Correlation 1 -.442 

Sig. (2-tailed)  .708 

N 4 3 

Fractions in Cr Pearson Correlation -.442 1 

Sig. (2-tailed) .708  

N 3 3 

 

 

APPENDIX LV 

CORRELATION OF Cu IN THE OJI RIVER WATER SAMPLES AND BAF IN 

THE SOIL 

Correlations 

  

Cu 

Fractions in 

Cu 

Cu Pearson Correlation .
a
 .

a
 

Sig. (2-tailed)  . 

N 1 1 

Fractions in Cu Pearson Correlation .
a
 1 

Sig. (2-tailed) .  

N 1 3 

a. Cannot be computed because at least one of the variables is 

constant. 

 

 

 

 



319 

APPENDIX LVI 

CORRELATION OF As IN THE OJI RIVER WATER SAMPLES AND BAF IN 

THE SOIL 

Correlations 

  

As 

Fractions in 

As 

As Pearson Correlation 1 -.316 

Sig. (2-tailed)  .795 

N 5 3 

Fractions in As Pearson Correlation -.316 1 

Sig. (2-tailed) .795  

N 3 3 

 

 

APPENDIX LVII 

CORRELATION OF Mo IN THE OJI RIVER WATER SAMPLES AND BAF IN 

THE SOIL 

Correlations 

  

Mo 

Fractions in 

Mo 

Mo Pearson Correlation 1 -.315 

Sig. (2-tailed)  .796 

N 5 3 

Fractions in 

Mo 

Pearson Correlation -.315 1 

Sig. (2-tailed) .796  

N 3 3 
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APPENDIX LVIII 

CORRELATION OF Se IN THE OJI RIVER WATER SAMPLES AND BAF IN 

THE SOIL 

Correlations 

  

Se 

Fractions in 

Se 

Se Pearson Correlation 1 .300 

Sig. (2-tailed)  .806 

N 5 3 

Fractions in Se Pearson Correlation .300 1 

Sig. (2-tailed) .806  

N 3 3 

 

 

APPENDIX LIX 

CORRELATION OF Hg IN THE OJI RIVER WATER SAMPLES AND BAF IN 

THE SOIL 

Correlations 

  

Hg 

Fractions in 

Hg 

Hg Pearson Correlation 1 .
a
 

Sig. (2-tailed)  . 

N 5 0 

Fractions in Hg Pearson Correlation .
a
 .

a
 

Sig. (2-tailed) .  

N 0 0 

a. Cannot be computed because at least one of the variables is 

constant. 
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APPENDIX LX 

CORRELATION OF Fe IN PLANT LEAVES AND BAF IN THE SOIL 

Correlations 

  

Manihot 

esculenta 

Aspilia 

Africana 

Zea 

mays 

Abelmosc

hus 

esculenta 

Panicum 

maximum 

Mean 

fraction 

of Fe 

Manihot esculenta Pearson 

Correlation 
1 .034 -.511 .993 .998

*
 1.000

**
 

Sig. (2-tailed)  .978 .658 .073 .042 . 

N 3 3 3 3 3 2 

Aspilia Africana Pearson 

Correlation 
.034 1 -.493 .197 -.800 .994 

Sig. (2-tailed) .978  .507 .803 .200 .067 

N 3 4 4 4 4 3 

Zea mays Pearson 

Correlation 
-.511 -.493 1 -.564 .506 -.995 

Sig. (2-tailed) .658 .507  .436 .494 .063 

N 3 4 4 4 4 3 

Abelmoschus 

esculenta 

Pearson 

Correlation 
.993 .197 -.564 1 .254 .162 

Sig. (2-tailed) .073 .803 .436  .746 .897 

N 3 4 4 4 4 3 

Panicum maximum Pearson 

Correlation 
.998

*
 -.800 .506 .254 1 -.866 

Sig. (2-tailed) .042 .200 .494 .746  .334 

N 3 4 4 4 4 3 

Mean fraction of 

Fe 

Pearson 

Correlation 
1.000

**
 .994 -.995 .162 -.866 1 

Sig. (2-tailed) . .067 .063 .897 .334  

N 2 3 3 3 3 3 

*. Correlation is significant at the 0.05 level 

(2-tailed). 

     

**. Correlation is significant at the 0.01 

level (2-tailed). 
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APPENDIX LXI 

CORRELATION OF Mn IN PLANT LEAVES AND BAF IN THE SOIL 

Correlations 

  Maniho

t 

esculen

ta 

Aspilia 

Africa

na 

Zea 

mays 

Abelmosch

us 

esculenta 

Panicu

m 

maximu

m 

Mean 

fraction of 

Mn 

Manihot 

esculenta 

Pearson 

Correlation 
1 .961

*
 .893 -.016 .940 -.964 

Sig. (2-tailed)  .039 .107 .984 .060 .172 

N 4 4 4 4 4 3 

Aspilia Africana Pearson 

Correlation 
.961

*
 1 .737 -.272 .840 -.999

*
 

Sig. (2-tailed) .039  .263 .728 .160 .035 

N 4 4 4 4 4 3 

Zea mays Pearson 

Correlation 
.893 .737 1 .348 .911 -.706 

Sig. (2-tailed) .107 .263  .652 .089 .501 

N 4 4 4 4 4 3 

Abelmoschus 

esculenta 

Pearson 

Correlation 
-.016 -.272 .348 1 .292 .872 

Sig. (2-tailed) .984 .728 .652  .708 .325 

N 4 4 4 4 4 3 

Panicum 

maximum 

Pearson 

Correlation 
.940 .840 .911 .292 1 -.965 

Sig. (2-tailed) .060 .160 .089 .708  .169 

N 4 4 4 4 4 3 

Mean fraction 

of Mn 

Pearson 

Correlation 
-.964 -.999

*
 -.706 .872 -.965 1 

Sig. (2-tailed) .172 .035 .501 .325 .169  

N 3 3 3 3 3 3 

*. Correlation is significant at the 0.05 

level (2-tailed). 
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APPENDIX LXII 

CORRELATION OF Ni IN PLANT LEAVES AND BAF IN THE SOIL 

Correlations 

  Manihot 

esculenta 

Aspilia 

Africana 

Zea 

mays 

Abelmoschus 

esculenta 

Panicum 

maximum 

Mean fraction 

of Ni 

Manihot 

esculenta 

Pearson 

Correlation 
1 .998

*
 .801 -.388 -.969 .187 

Sig. (2-tailed)  .038 .409 .612 .159 .880 

N 4 3 3 4 3 3 

Aspilia 

Africana 

Pearson 

Correlation 
.998

*
 1 

-

1.000
**

 
-.445 -1.000

**
 .245 

Sig. (2-tailed) .038  . .707 . .842 

N 3 3 2 3 2 3 

Zea mays Pearson 

Correlation 
.801 -1.000

**
 1 -.971 -1.000

**
 -1.000

**
 

Sig. (2-tailed) .409 .  .154 . . 

N 3 2 3 3 2 2 

Abelmoschus 

esculenta 

Pearson 

Correlation 
-.388 -.445 -.971 1 .779 .760 

Sig. (2-tailed) .612 .707 .154  .431 .451 

N 4 3 3 4 3 3 

Panicum 

maximum 

Pearson 

Correlation 
-.969 -1.000

**
 

-

1.000
**

 
.779 1 1.000

**
 

Sig. (2-tailed) .159 . . .431  . 

N 3 2 2 3 3 2 

Mean 

fraction of 

Ni 

Pearson 

Correlation 
.187 .245 

-

1.000
**

 
.760 1.000

**
 1 

Sig. (2-tailed) .880 .842 . .451 .  

N 3 3 2 3 2 3 

*. Correlation is significant at the 0.05 

level (2-tailed). 

     

**. Correlation is significant at the 0.01 

level (2-tailed). 
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APPENDIX LXIII 

CORRELATION OF Pb IN PLANT LEAVES AND BAF IN THE SOIL 

Correlations 

  Maniho

t 

esculen

ta 

Aspilia 

Africa

na 

Zea 

mays 

Abelmosc

hus 

esculenta 

Panicum 

maximu

m 

Mean 

fraction of 

Pb 

Manihot 

esculenta 

Pearson 

Correlation 
1 -.442 -.105 -.383 -.501 -.999

*
 

Sig. (2-tailed)  .558 .895 .750 .499 .023 

N 4 4 4 3 4 3 

Aspilia 

Africana 

Pearson 

Correlation 
-.442 1 .451 .016 .808 .942 

Sig. (2-tailed) .558  .549 .990 .192 .217 

N 4 4 4 3 4 3 

Zea mays Pearson 

Correlation 
-.105 .451 1 .991 -.155 .473 

Sig. (2-tailed) .895 .549  .086 .845 .687 

N 4 4 4 3 4 3 

Abelmoschus 

esculenta 

Pearson 

Correlation 
-.383 .016 .991 1 -.459 .350 

Sig. (2-tailed) .750 .990 .086  .696 .772 

N 3 3 3 3 3 3 

Panicum 

maximum 

Pearson 

Correlation 
-.501 .808 -.155 -.459 1 .671 

Sig. (2-tailed) .499 .192 .845 .696  .532 

N 4 4 4 3 4 3 

Mean fraction 

of Pb 

Pearson 

Correlation 
-.999

*
 .942 .473 .350 .671 1 

Sig. (2-tailed) .023 .217 .687 .772 .532  

N 3 3 3 3 3 3 

*. Correlation is significant at the 0.05 

level (2-tailed). 
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APPENDIX LXIV 

  CORRELATION OF Cd IN PLANT LEAVES AND BAF IN THE SOIL 

Correlations 

  Maniho

t 

esculent

a 

Aspilia 

African

a 

Zea 

mays 

Abelmosch

us 

esculenta 

Panicum 

maximu

m 

Mean 

fraction 

of Cd 

Manihot esculenta Pearson 

Correlation 
1 .486 -.409 .986 -.829 1.000** 

Sig. (2-tailed)  .677 .732 .107 .378 . 

N 3 3 3 3 3 2 

Aspilia Africana Pearson 

Correlation 
.486 1 .142 -.137 .086 -.885 

Sig. (2-tailed) .677  .858 .863 .945 .308 

N 3 4 4 4 3 3 

Zea mays Pearson 

Correlation 
-.409 .142 1 -.500 .849 -.207 

Sig. (2-tailed) .732 .858  .500 .354 .867 

N 3 4 4 4 3 3 

Abelmoschus esculenta Pearson 

Correlation 
.986 -.137 -.500 1 -.911 .814 

Sig. (2-tailed) .107 .863 .500  .271 .395 

N 3 4 4 4 3 3 

Panicum maximum Pearson 

Correlation 
-.829 .086 .849 -.911 1 -1.000** 

Sig. (2-tailed) .378 .945 .354 .271  . 

N 3 3 3 3 3 2 

Mean fraction of Cd Pearson 

Correlation 
1.000** -.885 -.207 .814 -1.000** 1 

Sig. (2-tailed) . .308 .867 .395 .  

N 2 3 3 3 2 3 

**. Correlation is significant at the 0.01 level (2-

tailed). 
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APPENDIX LXV 

  CORRELATION OF Co IN PLANT LEAVES AND BAF IN THE SOIL 

Correlations 

  

Manihot 

esculenta 

Aspilia 

African

a 

Zea 

mays 

Abelmosch

us 

esculenta 

Panicu

m 

maximu

m 

Mean 

fraction of 

Co 

Manihot 

esculenta 

Pearson 

Correlation 
1 -.927 .450 1.000** .a 1.000** 

Sig. (2-tailed)  .245 .703 . . . 

N 3 3 3 2 1 2 

Aspilia 

Africana 

Pearson 

Correlation 
-.927 1 -.753 -1.000** .a -1.000** 

Sig. (2-tailed) .245  .457 . . . 

N 3 3 3 2 1 2 

Zea mays Pearson 

Correlation 
.450 -.753 1 -1.000** .a 1.000** 

Sig. (2-tailed) .703 .457  . . . 

N 3 3 3 2 1 2 

Abelmoschus 

esculenta 

Pearson 

Correlation 1.000** -1.000** 

-

1.000*

* 

1 .a 1.000** 

Sig. (2-tailed) . . .  . . 

N 2 2 2 3 1 2 

Panicum 

maximum 

Pearson 

Correlation 
.a .a .a .a .a .a 

Sig. (2-tailed) . . . .  . 

N 1 1 1 1 1 1 

Mean fraction 

of Co 

Pearson 

Correlation 
1.000** -1.000** 

1.000*

* 
1.000** .a 1 

Sig. (2-tailed) . . . . .  

N 2 2 2 2 1 3 

**. Correlation is significant at the 0.01 

level (2-tailed). 

     

a. Cannot be computed because at least one of the 

variables is constant. 
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 / CORRELATION OF Zn  IN PLANT LEAVES AND BAF IN THE SOIL 

Correlations 

  

Manihot 

esculenta 

Aspilia 

African

a 

Zea 

mays 

Abelmosch

us 

esculenta 

Panicu

m 

maximu

m 

Mean 

fraction of 

Zn 

Manihot 

esculenta 

Pearson Correlation 1 .867 -.053 .908 .897 .366 

Sig. (2-tailed)  .133 .947 .092 .103 .761 

N 4 4 4 4 4 3 

Aspilia Africana Pearson Correlation .867 1 .000 .881 .565 .841 

Sig. (2-tailed) .133  .999 .119 .435 .364 

N 4 4 4 4 4 3 

Zea mays Pearson Correlation -.053 .000 1 .341 .024 .126 

Sig. (2-tailed) .947 .999  .659 .976 .920 

N 4 4 4 4 4 3 

Abelmoschus 

esculenta 

Pearson Correlation .908 .881 .341 1 .776 .447 

Sig. (2-tailed) .092 .119 .659  .224 .705 

N 4 4 4 4 4 3 

Panicum 

maximum 

Pearson Correlation .897 .565 .024 .776 1 -.274 

Sig. (2-tailed) .103 .435 .976 .224  .823 

N 4 4 4 4 4 3 

Mean fraction 

of Zn 

Pearson Correlation .366 .841 .126 .447 -.274 1 

Sig. (2-tailed) .761 .364 .920 .705 .823  

N 3 3 3 3 3 3 
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  CORRELATION OF Cr IN PLANT LEAVES AND BAF IN THE SOIL 
 

Correlations 

  

Manihot 

esculenta 

Aspilia 

Africa

na 

Zea 

mays 

Abelmosc

hus 

esculenta 

Panicu

m 

maximu

m 

Mean 

fraction 

of Cr 

Manihot esculenta Pearson 

Correlation 
.
a
 .

a
 .

a
 .

a
 .

a
 .

a
 

Sig. (2-tailed)  . . . . . 

N 1 1 1 1 1 1 

Aspilia Africana Pearson 

Correlation 
.
a
 .

a
 .

a
 .

a
 .

a
 .

a
 

Sig. (2-tailed) .  . . . . 

N 1 1 1 1 1 1 

Zea mays Pearson 

Correlation 
.
a
 .

a
 .

a
 .

a
 .

a
 .

a
 

Sig. (2-tailed) . .  . . . 

N 1 1 1 1 1 1 

Abelmoschus 

esculenta 

Pearson 

Correlation 
.
a
 .

a
 .

a
 .

a
 .

a
 .

a
 

Sig. (2-tailed) . . .  . . 

N 1 1 1 1 1 1 

Panicum maximum Pearson 

Correlation 
.
a
 .

a
 .

a
 .

a
 .

a
 .

a
 

Sig. (2-tailed) . . . .  . 

N 1 1 1 1 1 1 

Mean fraction of 

Cr 

Pearson 

Correlation 
.
a
 .

a
 .

a
 .

a
 .

a
 1 

Sig. (2-tailed) . . . . .  

N 1 1 1 1 1 3 

a. Cannot be computed because at least one of the 

variables is constant. 
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  CORRELATION OF Cu IN PLANT LEAVES AND BAF IN THE SOIL 
 

Correlations 

  Manihot 

esculenta 

Aspilia 

Africana 

Zea 

mays 

Abelmoschus 

esculenta 

Panicum 

maximum 
Mean fraction 

of Cu 

Manihot 

esculenta 

Pearson 

Correlation 
1 .188 .136 1.000

**
 .761 1.000

**
 

Sig. (2-tailed)  .879 .913 . .450 . 

N 3 3 3 2 3 2 

Aspilia Africana Pearson 

Correlation 
.188 1 .983

*
 .066 .730 -.409 

Sig. (2-tailed) .879  .017 .958 .270 .732 

N 3 4 4 3 4 3 

Zea mays Pearson 

Correlation 
.136 .983

*
 1 -.147 .733 -.592 

Sig. (2-tailed) .913 .017  .906 .267 .596 

N 3 4 4 3 4 3 

Abelmoschus 

esculenta 

Pearson 

Correlation 
1.000

**
 .066 -.147 1 -.932 .884 

Sig. (2-tailed) . .958 .906  .236 .310 

N 2 3 3 3 3 3 

Panicum 

maximum 

Pearson 

Correlation 
.761 .730 .733 -.932 1 -.993 

Sig. (2-tailed) .450 .270 .267 .236  .074 

N 3 4 4 3 4 3 

Mean fraction of 

Cu 

Pearson 

Correlation 
1.000

**
 -.409 -.592 .884 -.993 1 

Sig. (2-tailed) . .732 .596 .310 .074  

N 2 3 3 3 3 3 

**. Correlation is significant at the 0.01 

level (2 tailed). 

     

*. Correlation is significant at the 0.05 level 

(2-tailed). 
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 CORRELATION OF As IN PLANT LEAVES AND BAF IN THE SOIL 

 Correlations 

  Manihot 

esculenta 

Aspilia 

Africana 

Zea 

mays 

Abelmoschu

s esculenta 

Panicum 

maximum 

Mean fraction 

of As 

Manihot 

esculenta 

Pearson 

Correlation 1 .
a
 

-

1.000
**

 

-1.000
**

 1.000
**

 1.000
**

 

Sig. (2-tailed)  . . . . . 

N 2 1 2 2 2 2 

Aspilia 

Africana 

Pearson 

Correlation 
.
a
 1 

1.000
**

 
.997 -.357 1.000

**
 

Sig. (2-tailed) .  . .050 .768 . 

N 1 3 2 3 3 2 

Zea mays Pearson 

Correlation 
-1.000

**
 1.000

**
 1 .991 -1.000

*
 .618 

Sig. (2-tailed) . .  .086 .017 .576 

N 2 2 3 3 3 3 

Abelmoschus 

esculenta 

Pearson 

Correlation 
-1.000

**
 .997 .991 1 -.494 .507 

Sig. (2-tailed) . .050 .086  .506 .662 

N 2 3 3 4 4 3 

Panicum 

maximum 

Pearson 

Correlation 1.000
**

 -.357 

-

1.000
*
 

-.494 1 -.640 

Sig. (2-tailed) . .768 .017 .506  .558 

N 2 3 3 4 4 3 

Mean fraction 

of As 

Pearson 

Correlation 
1.000

**
 1.000

**
 .618 .507 -.640 1 

Sig. (2-tailed) . . .576 .662 .558  

N 2 2 3 3 3 3 
a. Cannot be computed because at least one of the variables is constant.     
**. Correlation is significant at the 0.01 level (2-tailed).      
*. Correlation is significant at the 0.05 level (2-tailed).      
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 CORRELATION OF Mo IN PLANT LEAVES AND BAF IN THE SOIL 

Correlations 

  Manihot 

esculenta 

Aspilia 

Africana 

Zea 

mays 

Abelmoschus 

esculenta 

Panicum 

maximum 

Mean fraction 

of Mo 

Manihot 

esculenta 

Pearson 

Correlation 
1 1.000

**
 .

a
 1.000

**
 -.836 .868 

Sig. (2-tailed)  . . . .369 .331 

N 3 2 1 2 3 3 

Aspilia 

Africana 

Pearson 

Correlation 
1.000

**
 1 .

a
 .

a
 -1.000

**
 1.000

**
 

Sig. (2-tailed) .  . . . . 

N 2 2 0 1 2 2 

Zea mays Pearson 

Correlation 
.
a
 .

a
 1 1.000

**
 1.000

**
 .

a
 

Sig. (2-tailed) . .  . . . 

N 1 0 2 2 2 1 

Abelmosch

us 

esculenta 

Pearson 

Correlation 
1.000

**
 .

a
 

1.00

0
**

 
1 -.521 1.000

**
 

Sig. (2-tailed) . . .  .651 . 

N 2 1 2 3 3 2 

Panicum 

maximum 

Pearson 

Correlation 
-.836 -1.000

**
 

1.00

0
**

 
-.521 1 -.998

*
 

Sig. (2-tailed) .369 . . .651  .038 

N 3 2 2 3 4 3 

Mean 

fraction of 

Mo 

Pearson 

Correlation 
.868 1.000

**
 .

a
 1.000

**
 -.998

*
 1 

Sig. (2-tailed) .331 . . . .038  

N 3 2 1 2 3 3 

**. Correlation is significant at the 

0.01 level (2-tailed). 

     

a. Cannot be computed because at least one of 

the variables is constant. 

    

*. Correlation is significant at the 0.05 level (2-

tailed). 
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  CORRELATION OF Se IN PLANT LEAVES AND BAF IN THE SOIL 

Correlations 

  

Manihot 

esculenta 

Aspilia 

Africa

na 

Zea 

mays 

Abelmoschu

s esculenta 

Panicum 

maximu

m 

Mean 

fraction of 

Se 

Manihot 

esculenta 

Pearson 

Correlation 
1 .291 .684 .651 .963

*
 -.278 

Sig. (2-tailed)  .709 .316 .349 .037 .821 

N 4 4 4 4 4 3 

Aspilia 

Africana 

Pearson 

Correlation 
.291 1 -.307 .713 .537 -1.000

**
 

Sig. (2-tailed) .709  .693 .287 .463 .002 

N 4 4 4 4 4 3 

Zea mays Pearson 

Correlation 
.684 -.307 1 .420 .515 .515 

Sig. (2-tailed) .316 .693  .580 .485 .656 

N 4 4 4 4 4 3 

Abelmoschus 

esculenta 

Pearson 

Correlation 
.651 .713 .420 1 .773 -.562 

Sig. (2-tailed) .349 .287 .580  .227 .620 

N 4 4 4 4 4 3 

Panicum 

maximum 

Pearson 

Correlation 
.963

*
 .537 .515 .773 1 -.498 

Sig. (2-tailed) .037 .463 .485 .227  .668 

N 4 4 4 4 4 3 

Mean 

fraction of 

Se 

Pearson 

Correlation -.278 

-

1.000
*

*
 

.515 -.562 -.498 1 

Sig. (2-tailed) .821 .002 .656 .620 .668  

N 3 3 3 3 3 3 

*. Correlation is significant at the 0.05 

level (2-tailed). 

     

**. Correlation is significant at the 0.01 

level (2-tailed). 
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  CORRELATION OF Hg IN PLANT LEAVES AND BAF IN THE SOIL 

 

Correlations 

  

Manihot 

esculenta 

Aspilia 

African

a 

Zea 

mays 

Abelmosch

us 

esculenta 

Panicum 

maximum 

Mean 

fraction 

of Hg 

Manihot 

esculenta 

Pearson 

Correlation 
.
a
 .

a
 .

a
 .

a
 .

a
 .

a
 

Sig. (2-tailed)  . . . . . 

N 1 0 0 0 0 0 

Aspilia 

Africana 

Pearson 

Correlation 
.
a
 .

a
 .

a
 .

a
 .

a
 .

a
 

Sig. (2-tailed) .  . . . . 

N 0 1 0 0 0 0 

Zea mays Pearson 

Correlation 
.
a
 .

a
 1 .

a
 .

a
 .

a
 

Sig. (2-tailed) . .  . . . 

N 0 0 2 1 0 0 

Abelmoschus 

esculenta 

Pearson 

Correlation 
.
a
 .

a
 .

a
 .

a
 .

a
 .

a
 

Sig. (2-tailed) . . .  . . 

N 0 0 1 1 0 0 

Panicum 

maximum 

Pearson 

Correlation 
.
a
 .

a
 .

a
 .

a
 .

a
 .

a
 

Sig. (2-tailed) . . . .  . 

N 0 0 0 0 0 0 

Mean fraction 

of Hg 

Pearson 

Correlation 
.
a
 .

a
 .

a
 .

a
 .

a
 .

a
 

Sig. (2-tailed) . . . . .  

N 0 0 0 0 0 0 

a. Cannot be computed because at least one of the variables is constant.     


