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ABSTRACT

This research work is aimed at assessment of levels of heavy metal in soils and their
environmental effects from three Mechanic Villages in Abuja namely; Apo, Kugbo and Zuba. To
achieve the set target, soil samples were collected from five sampling points in each of the
mechanic villages to a depth range of 0 - 15 cm with a stainless hand dug auger. A control
sample was also taken from a point approximately 100 km where neither industrial nor
commercial activities take place. Results of analyses of physicochemical properties: pH, %
porosity, electrical conductivity, particle size distribution, sulphate, chloride, nitrate and
microbial contents of the soil samples indicate that most of the values exceeded those of control
values. Levels of heavy metals in soils were determined using Automated Atomic Absorption
Spectrophotometer (AAS). Results of the analysis revealed a decreasing in trend of heavy metal
contents (mg/kg) in soil in the three studied automobile repair sites as follows; Apo site: Cu
(7668) > Zn (5360) > Cr (1174) > Fe (467) > Pb (333) > Ni > (196) > Cd (10.6); Kugbo site: Zn
(1587) > Cu (1043) > Cr (783) > Ni (234) > Fe (217) > Pb (170) > Cd (9.47) and Zuba site: Zn
(1190) > Cr (767) > Cu (512) > Fe (279) > Pb (250) > Ni (127) > Cd (10.4). Comparative
analysis reveals that values of the studied heavy metals exceeded those of control and
background values of some international regulatory bodies. Pearson’s correlation analyses reveal
that some of the heavy metals had very strong correlations with one another and with some of the
physicochemical properties of the soil. These indicate that the studied heavy metals have the
same origin, mutual dependence and identical behaviors. Multiple ecological risk indices models
explored in the study showed various ecological risk level associated with heavy metal
contamination of soils from the investigated sites with classes ranging from low to very high
ecological risks. This could be traceable to anthropogenic activities like indiscriminate discharge
of heavy metal containing waste in soil and poor waste management practice in the mechanic
villages. This calls for urgent measure in curtailing indiscriminate waste discharge and the
introduction of environmental friendly waste management in the mechanic villages so as to avert

epidemics and environmental degradation due to heavy metal pollution.

Keywords: Atomic absorption spectrophotometer (AAS); heavy metals; soil; mechanic villages;

physicochemical properties; pollution indices, statistical analysis.
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sCHAPTER ONE

1.0 Introduction

1.1  Background Information

Environmental pollution is an unfavorable alteration of the environment due to indiscriminate
disposal of waste usually from anthropogenic or geogenic activities. Pollution of environment by
heavy metal is a serious problem due to the adverse effects such contamination have on human
begins and the environment. Soil which serve as repositories for dumping of anthropogenic
waste undergoes certain biochemical processes which mobilize these chemical substances,
pollute water supplies and impact food chains, thereby causing great harm to humans (Abechi et
al., 2010). Uncontrolled waste from industrial and human activities have contributed immensely
in raising the level of heavy metal concentration in soil as when compared with ones from
geogenic processes (Basaram et al., 2010). Huffon, M and Simon, C (1986) reported that the
environmental pollution associated with heavy metals at even low level could result to long-term

cumulative health effects and is among the leading health concerns all over the world.

Heavy metals refer to metallic chemical elements that have relative high density and are toxic or
poisonous at low concentration. They are natural components of the earth’s crust and cannot be
degraded nor destroyed completely. Some heavy metals like copper, calcium, selenium,
manganese, iron, zinc are all important for metabolism activities of the human body. Some
researchers observed that that high concentration of heavy metals can lead to poisoning of the
ecosystem (Udosoro et al., 2010; Skorbilowicz et al., 2018). Some examples of heavy metals are
lead, cadmium, mercury, chromium, cobalt, nickel, manganese, copper, arsenic, selenium, iron,

zinc etc. The major concern of heavy sersist in the soil coupled with



their ability to accumulate, destroy soil organisms as well as move along the food chain. Recent
study reported that one of the major sources of increased heavy metal concentration in the
ecosystem in Nigeria is from the activities of automobile mechanic workshops (Adewale et al.,
2010).

However, it is a common practice in Nigeria especially in the cities and towns where large areas
of lands are mapped out and allocated for auto mechanic activities with branded name
“Mechanic Villages”. In these mechanic villages, various forms of vehicle repairs are performed
and there are some environmental threats associated with such practices. Some of the activities
performed by these auto mechanics in the mechanic villages that lead to environmental pollution
are; welding and soldering, battery charging, automobile body work, spraying of paints, spilling
of oil, greases, petrol and hydraulic fluids, diesel and lubricating oils, gear box recycling, panel
beating of automobile bodies, piecing of faulty vehicles into spare parts etc. Wastes from these
activities include: metal scraps, worn-out parts, spent lubricants and hydraulic fluids, used
electrolytes, stripped oil sludge, discarded cans, packaging materials etc (Pam et al., 2013;

Adelakan et al., 2011).

Furthermore, certain chemicals like chlorofluorocarbon (CFC) a greenhouse gas usually used as
air conditioner gases are allowed to escape in large amount in the atmosphere during
maintenance of vehicles air conditioner. This green house gas encourages climate change,
depletion of the ozone layer and global warming (Bassuer, G., 1987). Also, fumes from exhaust
pipes, spent solvents and chemicals may also lead to the formation of ground layer ozone/smog
formation, global warming and climatic change. Further reactions between these chemicals and
rain could result in the formation of acid rain which kills crops, corrodes roofing sheets and

possess health threats to humans (Wikipedia 2011).
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As the population of human on earth increases especially in the developing countries of the
world, the quest for importation of fairly used vehicles also increases. As such, urban areas
where the mechanic village concepts were not in practice will react to the increased supply with
the establishment of more mechanic villages. This may amount to greater soil and environmental
pollution especially if the present poor waste management and indiscriminate discharges of auto
mechanic wastes are allowed to continue (Nwachukwu et al., 2010). Hence, these activities
should be checkmated by relevant authorities with a view to encouraging more environmental
friendly practice in other to curtail the level of waste discharge emanating from various mechanic

villages.

1.2 Problem Statement

The problem of environmental pollution which could be traced back to anthropogenic and
geogenic activities especially pollutants from automobile workshops has been a serious
environmental problem to the government, Environmental Protection Agency (EPA), National
Environmental Regulatory and Safety Agency and other stakeholders. In recent times, efforts
have been made in the developed countries to curtail the volume of waste and the rate of
environmental pollution resulting from indiscriminate release of heavy metal and other industrial
wastes into the environment. But the case is different in Nigeria and some other third world
countries because of indiscriminate establishment of the automobile workshops, unguided
discharge of wastes materials as well as ignorant of the health threat these wastes posses to the

environment and its habitants.
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1.3 Objectives of the Research Work

The primary aim of this study is to assess the level of heavy metal contents in soils in three major
mechanic villages in Abuja (Nwoko et al., 2018) as well as its environmental effects. The

following objectives were set in order achieve the set target.

1. Assess levels of some heavy metals in investigated soils together with their
environmental effects.

2. Evaluate the extent of environmental pollution associated with observed heavy metal
contamination of soil in studied mechanic villages using ecological risk models.

3. Provide a data base on heavy metal pollution from major automobile workshop in Abuja.
The data collected would give an insight on the pollution level of heavy metals in soil

which would further help in the designing of remediation process.

1.4 Justification of the study

The problem of climate change, global warming, ozone layer depletion and other environmental
challenges has been a major concern due to the adverse effects they have on the environment.
Heavy metal pollution is known to be a major contributing factor to the pollution of the
environment and their origin could be traced from geogenic and anthropogenic activities. Thus,
it is important to assess the concentration of heavy metal in soil samples from selected mechanic
villages together with their environmental effects. Hence the study serves as a veritable tool that

will assist in the following ways:

20



1. Assess the level of heavy metals contents in the major mechanic villages in Abuja and
possible health risks associated with such contamination when compared to established

international permissive limit.

2. Provide information on the level of pollution attributed to heavy metal in soils in the
affected mechanic villages as well as generate data which could be used in modeling and

simulation.

3. Identify gaps in knowledge and opportunities for further works especially in designing

tools for remediation processes of polluted areas.

1.5  Scope of the Study

This research work is targeted at evaluating various levels of heavy metal in soil drawn from
three major mechanic villages in Abuja the Federal capital territory as well as assessing their
environmental effects. To achieve this task, soil samples from these mechanic villages and their
controls will be randomly sampled and a total of Three Hundred and Sixty (360) analyses will be
done on the eighteen soil samples collected. The result obtained will be statistically analyzed to

ascertain their degree of contamination.
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CHAPTER TWO

2.0 Literature Review

Several works have been conducted by some activities in auto mechanic workshops and their
environmental effects (Onweremadu et al., 2007; Ilwegbue et al., 2007; Liu, et al., 2007). A
researcher observed that activities of artisans in auto repair workshops are capable of producing
pollutants which can be used to determine the growth of microorganisms of the environment
surrounding where they operate (Wang et al., 1985). Ipeaiyea et al., (2005) investigated heavy
metal contamination at the vicinities of reclaimed auto mechanic workshops in Iwo, Nigeria.
These researchers observed that lead was the dominant contaminant and was quite mobile.
Heavy metals are serious pollutants to the environment due to their toxicity, non bio-degradable
nature and bioaccumulation properties (Yuan, et al., 2004; Nwuche et al., 2008 and Mohiuddin et

al., 2010).

Recent research works reveals that activities of artisans in mechanic villages have contributed
immensely in increasing the rate of heavy metal load in the environment in Nigeria (Olayiwola,
O.A, 2011; Nwachukwu et al., 2010; Ipediyeda et al., 2008; Adewoyin et al., 2013). Some of the
wastes materials produced in mechanic villages during the course of vehicle repairs which
contributes towards heavy metal pollution in soil include: electroplating, indiscriminate
discharge of used car batteries and electrolytes, panel beating, wiring of cars, discharge of
condemned petroleum products, engine and gear box recycling, welding, fabrication and
soldering, combustion process, scrapping and painting etc. Reports from previous studies also
showed that some heavy metals are essential to body metabolism at low concentration but can be

toxic to the same body at high concentration. They include metals like copper, selenium,
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manganese, zinc and iron (Ouyang et al., 2002). Non-essential heavy metals like cadmium, lead,
mercury, chromium, arsenic, arsenic etc are also highly toxic even at low concentrations
(Ouyang et al., 2002).

Recent reports also reveal that absorption and accumulation of heavy metals in human can lead
to serious health problems like liver and kidney damage neurotoxic effects in children (Nwoko et
al., 2018) bone and fractures damage, destruction of nerve tissues, circulatory, nerve tissues,
heart and reproductive system (Ayangbero et al., 2017; Gupta et al., 2017; Malik et al., 2016;

Pam et al., 2013; Jarup, L., 2003).
2.1  Definition of Heavy Metal

Heavy metals are elements that have relatively high densities and are poisonous even at low
concentration. Heavy metal originated with the reference to the adverse effect of cadmium,
mercury and lead which are denser than iron (Kumar et al., 2013; Sengupta et al., 2002; Dufus,
J.H 2002). They noted some criteria for the description of a heavy metal as its density, atomic
weight, atomic number or position on the periodic table. The term “heavy metal” has been in use
since 1817 when Gmelin grouped known meals into three groups namely; non-metals, light
metals and heavy metals with the light metal of density range (0.860 — 5.00) gm/cm? and that of

heavy metal 5.308gm/cm® — 22.00gm/cm?® (Habashi et al., 2009).
2.2 Sources of Heavy Metal

Researchers like Zhang et al., 2011; Khan et al., 2008; Krewski et al., 2007; Yokel et al., 2008
all reported that heavy metal in soil could be from atmospheric deposition, sewage, irrigation,
improper stacking of industrial solid waste, mining activities, pesticides and fertilizer

applications, sludge or municipal compost, emission from municipal waste incinerators, smelting
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industries, spillage of petroleum and petrochemicals products, coal combustion residues, paints

productions and applications.

2.2.1 Atmosphere to soil pathway

Presence of heavy metals in the atmosphere are traceable to gases and dust particles usually
produced by energy, transport, metallurgical sector as well as in the production of construction
materials. With the exception of mercury, heavy metals are introduced into the atmosphere
inform of aerosol and are subsequently deposited in the soil through natural sedimentation and
precipitation. Pollution in a downtown central Sweden lead had been reported be have emanated
from urban industrial copper plant, sulphuric plant and paint factory in and around the area (Lin
et al., 1998). Wind as an agent of transportation helps in circulation and deposition of heavy

metals from industrial waste heap to surrounding areas.

2.2.2 Solid wastes to soil pathways

Some solid wastes have complex composition of which mining and industrial solid waste
contamination is the most serious. When these wastes pill up, heavy metals contents in them can
move easily due to facilitation of sunlight and rain. At such, they deposit on soil and are also

leached to the surrounding water.

2.2.3  Agricultural supplies to soil pathway

Fertilizers, mulch, pesticide and herbicides are very important agricultural inputs for agricultural
production (Zhang et al., 2007). However, long-term excessive applications of these farm inputs
have led to contamination of soil by heavy metals. The vast majority of pesticides contain

organic compounds with only a few containing inorganic. In a research conducted on heavy
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metal contamination of agricultural soil and counter measures in Japan reported that some
pesticides contain heavy metals like Hg, Ag, Cu, Zn (Arao et al., 2010). Contents of heavy
metals in fertilizer are generally phosphate, potash, nitrogen (Arao et al., 2010). Boya et al.,
(2010) observed an increase in the available content of cadmium in soils due to application of
large amount of phosphate and compound fertilizers in soil. This has also increased metal uptake
of cadmium by plants. In recent years, mulch has been promoted and used in large areas, which
resulted in wide pollution of soils. This is as a result of heat stabilizers which contain calcium
and lead usually added in the course of production of mulch. This also increases the level of

heavy metal contamination of soils (Satarug et al., 2003).

2.2.4 Sewage to soil pathway

Wastewater is divided into groups namely; several categories, namely: sanitary sewage, chemical
wastewater, industrial mining wastewater and urban mining mixed sewage. Heavy metals are
brought to the soil by irrigative sewage and are fixed in the soil in different ways resulting in the
accumulation of heavy metals in soil. Sewage irrigation is a feasible way to solve the problem of
crop irrigation in the arid area. It is important to pay much attention to heavy metal
contamination caused by sewage irrigation because of its environmental effects. Thus, quality of
irrigative sewage must be strictly controlled by way of treatment to fall within the national

quality standard set for irrigation water.
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2.3  Characteristics of Heavy Metal Contamination in Soil

2.3.1 Wide distribution

With the development of economy and society, heavy metal contamination has become
increasingly common in the world. In the world’s ten top environmental events, two events have

been related to heavy metal contamination (Yang et al., 2009).

2.3.2 Complex heavy metal contamination

In the past, soil contaminations were mainly caused by single heavy metal. However, in recent
years more cases of soil contamination are found to have been caused by varieties of heavy
metals (Zhou et al., 1995). The complex contaminations caused by varieties of these heavy
metals always amplify the contamination by heavy metals separately. This was clearly shown in
a report on study of the influence of combined pollution of heavy metals on soil respiration (Qin

et al, 2008).

2.3.3 Irreversibility and remediation problem

If air and water are polluted, the pollution problem can be reversed certainly by dilution and self-
purification after switching off the sources of pollution. It is difficult to use dilution or self-
purification techniques to eliminate heavy metal contamination in soil. Soil contamination by
heavy metal can take up to one or two hundred years to be naturally remediated (Wood et al.,

1974).

2.3.4 Strong latency

Heavy metal contamination is always difficult to be noticed due to its colour. It does not

explicitly destroy the environment in a short period. Nevertheless, when its concentration or
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value exceeds that of the environmental tolerance, heavy metals in soil may be activated and this
will cause serious ecological damages. Thus, heavy metal contamination is usually a chemical

time bomb (Wood et al., 1974).

2.4  Heavy Metal Toxicity

Heavy metal toxicity or metal poisoning is a term used to explain the toxic effect of some heavy
metals in different forms. Some metals are said to be toxic when they form certain toxic soluble
compounds. A report by “A Metal Prime (2012)” has it that certain metals have no biological
role. In the case of lead and cadmium any measurable amount may have negative health effects

of human and ecosystem (CDC 2012).

Interestingly not all heavy metals are toxic; some are essential to human like cobalt, copper, iron,
calcium, manganese, molybdenum, selenium and zinc (Goyer et al., 2001). While Manganese is
cited as nutritionally essential metal, evidence is limited to its role in non-human animal species.
According to a report by NAS/IOM (2003) manganese is regarded as essential for human
nutrition because it is an activator and constituent of many enzymes present in humans. Toxic
metals sometimes initiate the action of an essential element in the body, interfering with the
metabolic process to cause illness. Toxic metals include cadmium, lead, Arsenic, mercury and
radioactive metals of which the later have both radiological and chemical toxicity. Metals in an

oxidation state abnormal to the body may also become toxic to the same system.
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2.5  Effects of Heavy Metals

2.5.1 Effects of Heavy Metals on Soil Microorganism

Microbial and enzymatic activities in soil can sensitively reflect the quality of the soil. Aceves et
al., (1999) and Lee et al., (1996) reported that an important indicator for the determination of
degree of soil contamination is the microbial biomass of the soil. Presence of heavy metals in
soil can greatly inhibit the activities of these soil microbes. Kandeler et al., (1997) also reported
that soils contaminated by heavy metals such as copper, zinc, lead and other heavy metals were
greatly inhibited. The soil’s microbial biomass near the mine was significantly lower than that
far away from the mine and the effects of different concentrations of heavy metals on soil

microbial biomass were different.

Chander et al., (1995) studied the effect of different concentration of heavy metals on soil
microbial biomass and found out that concentration of heavy metals in the soil were three times
above the environmental standard established by the European Union which could also inhibit
microbial biomass. He also observed that activities of almost all enzymes in the soil were
significantly reduced by 10 to 50 times as concentration of heavy metals in the soil increases
Chander et al., (1995). Microbial growth in soil can be greatly simulated at low concentration of

heavy metal and are also reduced at high concentration (Fliepbach et al., 1994).

2.5.2 Effects of Heavy Metals on Plants

Low concentration of heavy metals in soil may not have much adverse effects on growth of

plants grown on it. However, the plant could die if the concentrations of heavy metals in soil are
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high, such that the content enriched by these plants exceeds those of tolerance threshold. A study
in Florida observed that if the copper content in soil was more than 50 mg/kg, it would affect
seeds of citrus crops. Also, if the level of copper content is up to 200 mg/kg, it would affect

wheat (Zhang et al., 1989).

Research has also found out that growth of cabbage and bean seedling under cadmium
concentration of 30 mol/L was inhibited. The root length decreased and the plant height and leaf
area dropped (Qin et al., 1994; Acar et al., 1993). Cadmium may also interfere with crop
photosynthesis and protein synthesis, and may cause membrane damage. Research findings
showed that irrespective of the origin of the metals in soil, excessive levels of many metals can
result in soil quality degradation, crop yield reduction, poor quality of agricultural products,

posing significant hazards to human, animals and ecosystem at large (Long et al., 2002).

2.5.3 Effects of Heavy Metals on Humans

Research has reported that skin absorption and inhalation of heavy metals contaminated air are
sure way these heavy metals in urban soils may go into the human body (Chao et al., 2014). This
cause direct damage to the health of human beings especially children. They also affect the urban
environmental quality and damage human health indirectly through polluting of food, water and
atmosphere. Heavy metals have also been observed to bind to vital cellular components such as
structural protein (Zhong et al., 2017), enzymes, nucleic acids etc and can also interfere with
their function (Landis et al., 2000). Recent research observed that symptoms and effects of these
heavy metals may vary according to the metal or metal-compound, and the doses involved

(Nielen et al., 2008).
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2.6. Heavy Metal Poisoning
2.6.1. Cadmium Poisoning

Cadmium is a very toxic metal and can be found in certain amount in soils, rocks, coal, minerals,
fertilizers and other chemical products. Cadmium is mainly used in the production of batteries,
pigments, metal coating and plastics. Cadmium is bio persistent and once absorbed by an
organism remains resident for many years. Cadmium is also found in some industrial paints and
may represent a hazard when sprayed. Operations involving the removal of Cadmium paint by
scrapping or blasting usually by panel beaters and car painters helps in introducing the metal to

the soil. This also poses serious health risk to humans.
2.6.2 Chromium poisoning

Chromium is mainly found in rocks, animals, plants and soil. Chromium compounds bind to soil
and are more likely to migrate to ground water where they are very persistent in sediment in
water. Chromium is used in metal alloys and pigments for paints, cement, paper, rubber etc.
Toxicity and carcinogenic properties of Chromium VI have been known since the late 19"
century (Barceloux et al., 1999). Low level of exposure to chromium can irritate the skin and
cause ulceration while long term exposure results in destruction of human organs. According to a
report by National Research Council (1974) similar cases were reported in 1963, where over 60
automobile factory workers in England who had been wet-sanding chromate-based primer paint

that had been applied to car bodies showed various degrees of chromium infection.

2.6.3 Lead Poisoning
Lead can be exposed to the environment as a result of anthropogenic activities like mining,
burning of fossil fuel, manufacturing of batteries, ammunitions, pipes, x-ray shielding devices,
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leaded gasoline, paints, pipe solder etc. Different scientific reports from ATSDR (1999) and
WHO-IPCS (2002) have it that in humans, exposure to lead can result in a wide range of
biological effect. Lead has been observed by scientist to produces tumors in experimental
animals. It also affect the development of the nervous system and other organs in human body
most especially children. Thus, causing permanent learning and behaviour disorders. Symptoms
of lead poisoning include; abdominal pains, confusion, headache, anemia, irritability, seizures,
coma and even death. In 2013, the World Health Organization (WHQO) estimated that lead
poisoning resulted in 143,000 deaths and contributed to 600,000 new cases of children with

intellectual disabilities (WHO, 2013).

2.6.4 Mercury poisoning

Mercury poisoning is a disease caused by exposure to mercury or its compounds. Mercury as a
heavy metal occurs in several forms and can produce toxic effects in high doses. Research work
published by Zhao et al., (2006) has it that sixty workers died from the gliding of main dome
during the construction of Saint Isaac’s Cathedral as a result of exposure to mercury through the
use of gold amalgam an alloy of mercury. They also reported that the first emperor of unified
China, Qin Shi Huang died of ingesting mercury pills in quest of giving him external life (Zhao
et al., (2006). More than 600 people had also died due to mercury exposure in what became
known as Minamata disaster (Zhao et al., (2006). In twenty two documented cases as reported by
Davidson et al., (2004) it was noted that pregnant women who consumed contaminated fish
showed mild or no symptoms but gave birth to infants with severe developmental deformities.
Some other toxic effects of mercury include; damage to the brain, kidney and lungs, vision,

hearing or memory loss.
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2.6.5 Arsenic Poisoning

Arsenic occurs naturally in the environment in small quantity and can be released in large
quantities to the environment through geogenic activities like volcanic eruption, erosion of rocks,
forest fires and anthropogenic activities. Arsenic is also found in paints, dyes, drugs, soaps and
semi-conductors, pesticides, copper smelting, mining, coal burning etc. Arsenic is odourless,
tasteless but can cause cancer of the skin, lungs, liver and bladder. A study conducted by Ravens
C., (2007) found out that over 137 million people in more than 70 countries are probably affected
by Arsenic poisoning from drinking water. Ingestion of high level of arsenic can possibly result
to death while long-term low level exposure can cause darkening of the skin and the appearance
of small “Corns” or “Warts” on the plants. Norman, N., (2014) also noticed that ground water
contaminated by Arsenic as at 2014 is still poisoning millions of people in Asia continent till

today.

2.6.6 Silver Poisoning

Silver usually combines with other elements like sulphide, chloride and nitrate. Silver is used in
making jewelries, silverware, electronic equipment, dental fillings, electrical contacts,
conductors, brazing alloys, solders and mirrors. James et al., (2006) observed that inappropriate
exposure to chemical compounds of silver element or silver dust leads to disease called
“Argyrosis” with symptoms like turning of skins of affected person to blue or bluish grey. Local
argyria shows in limited regions of the body like patches of skin, parts of the mucous membrane

or the conjunctiva.

2.6.7 Zinc poisoning
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Zinc is one of the essential minerals needed for a healthy body, yet it has its limitations and side
effects. Zinc can be harmful and toxic when consumed in excess and such toxicity level has been
seen to occur at ingestion of greater than 225mg. Also excessive absorption of zinc can suppress
copper and iron absorption by the body (Fosmire et al., 1990; Rout et al., 2003; Brita et al.,
(2006) in their separate studies observed and reported that zinc ion in solution is highly toxic to

bacteria, plants, invertebrates and even in vertebrates fishes.

Zinc occurs naturally in rocks, soils, plants and animals and it can enter into the environment

through atmospheric deposition from any of the processes below:

e The application of sewage or sludge to land
e Mining activities or processes

e Burning of coal and other fossil fuels

Zinc ion is held by cation exchange on soil clay minerals and becomes more mobile and bio
available under acidic soil condition (Ross et al., 1994). Interestingly, under acidic condition,

zinc can be leached from soil in soluble organic complexes.

2.6.8 Copper poisoning

Copper occurs naturally in rocks, soil, plants and animals and sometimes in sulphide

mineralization. Copper can enter the environment

¢ Incineration of heavy metal containing waste
e Burning of wood and fossil fuels.

e In atmospheric deposition from mining, metal smelting and metal processing industries
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Exposure to high dose of copper can cause anemia, liver and kidney damage, stomach and
intestinal irritation. Copper poisoning can occur from eating of foods cooked in uncoated
cookware or from drinking water that has been exposed to copper pipes or additives designed in

pipes to control algal growth.

2.7  Bioaccumulation of Heavy Metals

Bioaccumulation is the process by which organism accumulate substances or chemicals in their
system. There are some plants that can absorb heavy metals easily from the surrounding soils.
These plants are known as hyper accumulators. When these crops are harvested from heavy
metal contaminated areas for human use, exposure to certain harmful levels of heavy metals
occurs. Metal uptake by plants is a function of pH of the soil. Thus, the higher the acidity, the
more soluble and mobile the metals become and vice versa. Changes in dissolved metal
concentration and species greatly influenced metal uptake by plants. Plants uptake was primarily

related to the concentrations of metals in the soil solution rather than total metal concentration.

However, several studies have shown that the characteristics of heavy metal contamination in
urban soil and agricultural soils are different (Babula et al., 2008). Heavy metals in urban soils
like that of mechanic villages, parks, roads sides and industrial sites may go into the body
directly through digestion, skin contact, inhalation etc. Heavy metals in agricultural soil are
absorbed and accumulated by crops, and will find their way into the body when human beings
consume these crops or animals that had fed on these crops. Ingesting heavy metals through the
soil-crop system is a major way of damaging human health (Aeliona et al., 2008).
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2.8 Review of Analytical Method

In analytical chemistry, several techniques are implored for the determination of various
concentrations of elements in a sample. Some of these techniques include: Atomic absorption

spectroscopy (AAS), X-ray fluorescence (XRF), Neutron Activation Analysis (NAA) etc.

2.8.1 Atomic Absorption Spectrophotometer

This is an instrument used in the quantitative determination of chemical elements using the
absorption of optical radiation (light) by free atoms in the gaseous state. Atomic absorption
spectrophotometer (AAS) can be used in the determination of over seventy elements in solution,
soil, sediment and water samples. The technique is used in pharmacology, biophysics and

toxicology research. Some of the uses of AAS machine in modern research work are as follows;

e Water analysis: Determination of metal contents in water samples
e Clinical analysis: Analyses of metals contents in biological fluids and tissues such as
whole blood, plasma, urine, saliva, brain tissue, liver, semen etc
e Pharmaceuticals: Determination of level of catalyst remaining in final products.
The technique makes use of absorption spectrometry to assess the concentration of an analyte in
a sample. It requires standards with known analyte concentration to be used to establish a
relationship between the measured absorbance and the analyte concentration. This technique

relies on Beer- Lambert law.

2.8.2 X-Ray Fluorescence

X-ray fluorescence is the emission of characteristics “Secondary” (or fluorescent) x-ray from a

material that has been excited by bombarding with high energy x-rays or gamma rays. The
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phenomenon is widely used for elemental and chemical analysis, especially in the investigation
of metals, glass, ceramics and building materials and for research in geochemistry, forensic
science and archaeology. The techniques are based on ionization of atoms as a result of
bombardment of certain rays (x-ray or gamma ray) to the material. This process results in the
ejection of one or more election(s) from the atom. The removal of an electron in such way makes
the electronic structure of an atom unstable, and electrons in higher “fall” into the lower orbital
to fill the hole left behind. In falling, energy is released in the form of a photon, the energy of
which is equal to the energy difference of the two orbital involved. Thus, the material emits
radiation which has energy characteristics of the atoms present. In principle, the lightest element
that can be analyzed is beryllium but due to instrumental limitations and low x-ray yields for the
light elements, it is often difficult to quantify element lighter than sodium, unless background

corrections and very comprehensive inter- element corrections are made.
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3.0

3.1

CHAPTER THREE

Materials and Method

Description of Study Area

Abuja located in the Central Region of Nigeria on latitude 9°40'N and 9°29'E and it falls within

the Guinean — Savannah Mosaic Zone in West Africa sub- region (Ekeocha et al., 2017, Nwoko et

al., 2018). Abuja has a land mass of 713 km?and a population of over 776,298 according to 2006
census population count (Abuja — Wikipedia 2015). Abuja is bordered with five states namely:

Benue, Kaduna, Kogi, Nassarawa and Niger States. Three mechanic villages were selected for

the study and they were Apo in Gudu district, Zuba in Madalla and Kugbo in Kugo district
Nwoko et al., 2018).
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Fig. 1 Map of sampling sites of major Mechanic Villages in Abuja (Ekeocha et al., 2017, Nwoko
et al., 2018)
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3.2. Methodology
3.2.1. Preparation of Stock Solutions

1. Lead stock solution was prepared by dissolving 1.5985 g of Pb(NOs3), in 50 ml of distilled

deionized water and made up to1 litre giving 1000 mgL™ lead solution.

2. Cadmium stock solution was prepared by dissolving 2.7442 g Cd (NO3),.4H,0 in 50 ml of

distilled deionized water and made up to 1 litre giving 1000 mgL™* cadmium solution.

3. Nickel stock solution was prepared by dissolving 4.9434 g Ni(NO3),.6H,0 in 50 ml of

distilled deionized water and making up to 1 litre giving 1000 mgL™ nickel solution.

4. Zinc stock solution was prepared by dissolving 0.1g Zinc Powder in 20ml 1:1 HCI and making

up to 1 litre with distilled deionized water giving 1000 mgL™ zinc solution.

5. Copper stock solution was prepared by dissolving 0.1 g copper metal in 15 ml 1:1
Concentrated HNO3 and making up to 1 litre with distilled deionized water giving 1000 mgL™

copper solution.

6. Chromium stock solution was prepared by dissolving 2.8289 g K,Cr,O7 in 50 ml of distilled

deionized water and making up to 1 liter giving 1000 mgL™* chromium solution.
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3.2.2. Standard Working Solution

Using serial dilution formula:

Cstock solution X Vstock solution required = Cstandard working solution X Vstandard working solution ~ - equatlon (1)
C o XV —
_ standard working solution Vstandard working solution -
Vstock solution required — C - - - - equation (2)

stock solution

Standard working solutions of various concentrations were prepared from 1000 mgL™ of each
metal stock solution using serial dilution approach. All solutions were prepared in deionized

water.

3.3 Sample Collection and Treatment
3.3.1 Sample Collection

According to a researcher, surface soils are the locus of inputs of heavy metals (Abechi et al.,
2010). These heavy metals tend to accumulate on a relatively long term basis (Ogunmodede et
al., 2015). These pollutants normally contaminate the upper layer of the soil at a depth range of 0
— 40 cm (Ogunmodede et al., 2015). This implies that high concentration of heavy metals could
be at this depth if assessed (Ogunmodede et al., 2015), Krishma et al., 2007; Kakulu et al., 1993).
Ten sampling points were initially mapped out in each of mechanic villages out of which five
points where randomly selected. Soil samples were collected with a stainless hand auger at a
depth of 0 -15 c¢cm, enclosed in new polyethylene bags and were labeled accordingly. Control

samples were also collected at an approximate distance of 100 km away from each of the
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mechanic villages where neither auto repairs non commercial activities were carried out. The

samplings were done in November 2014, the ending of rainy season.

3.3.1 Sample Treatment

The three soil samples drawn from each depth were homogenized to make a composite sample of
that point. In all a total of sixteen sample points were sampled with five points drawn from each
of the mechanic villages investigated plus a control sample. The soil samples were enclosed in
different clean dry polyethylene bags, labeled and transported to the laboratory for analysis. All
the soil samples were air dried to prevent microbial degradation (Edgell K., 1998). They were
further made stones and particles free, crushed in an acid pre-washed mortar and pestle and

further sieved (Isioma et al., 2015) to = 120um with a laboratory test sieve (Endecott’s limited,

London, England. serial number 489479).

3.3.2. Sample Digestion

Complete digestion of the soil samples was carried out according to methods by (Edgell K.,
1988; Kimbrough et al., 1989). 10 mL 1:1 HNO3 were added to 1 g of each of the soil samples in
separate beakers, mixed and covered with a watch glass. The mixtures were heated up in an oven

at 95 °C + 5 °C without boiling and refluxed for 30 min until no brown fumes were seen. The

samples were later heated for extra 2 hours and allowed to cool. Later 2 ml of water and 3 ml of

30% H»,0, were added, covered and warmed until effervescence subsides.

More so, 10 ml of concentrated H,SO,4 were added to each sample and the beakers heated up
until clear solutions were observed and fumes ceased. Later the digested materials were filtered

by gravitation with whatman No.41 filter paper and the respective solutions made up to 100 ml
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in a volumetric flask with deionized water. (Nwachukwu et al., 2018, Kimbrough et al., 1989;

Ogbonna et al., 2009; Chalem et al., 2008)
3.3.3 Calibration Curve

A calibration curve of absorbance against concentration for each heavy metal investigated was
prepared for each heavy metal (Fe, Pb, Cd, Ni, Cu, Zn and Cr) as shown in appendices I-VIII
which yielded good linearity. The calibration curves were used for the determination of heavy
metal concentration in the samples (Eva et al., 2016). The actual concentration of various heavy
metals in the sample was determined as (Eva et al., 2016);

vol. of digest solution x conc. of metal in sample solu from calib curve
1000

Amt. of metal in vol. of digested solution = - equation (3)

Amt, of metal (ugg™) = amount of metal in volume (?f digested solution ) ) ) ) ) equation (4)
weight of sample digested (g)
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Figure 2 Hypothetical Models of Sources, Wastes and Pollutants from Activities of Auto

Mechanics in Mechanic Villages
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3.4  Physicochemical Analysis of Soil

3.4.1. pH Determination

The pH values were determined using pH/conductivity meters (Jenway model 430). Prior to
analysis, pH meter was calibrated with standard buffer solution of pH 4, 7 and 9. 1g of
investigated soil samples was weighed into 100 ml beaker and 10 ml of deionized water were
added to the respective samples. The mixture were stirred several times and allowed to cool for
about 30 min to allow sediments to settle. The electrode of the pH meter was inserted into the
settled suspension and the pH of the sample measured. This procedure was repeated for all other

samples (Chalem et al., 2008).

3.4.2. Determination of Specific Gravity

Mass of empty and dry pycometer was initially weighed. Exactly 125 g of sieved soil samples
and the weight determined. Distilled water was then added up to half of the pycometer
containing the soil and was allowed for 10 minutes. Entrapped air in the pycometer was removed
by the application of a partial vacuum to the content for 10 minutes. After which the vacuum was
stopped and carefully removed from the pycometer and later filled up with distilled water to the
mark. The weight of pycometer and content was then determined. The pycometer was later was
then emptied, cleaned, filled up to mark with distilled water, weighed and recorded (Estefan et al.,
2013). Mathematically,

. . i W .
Mathematically, specific gravity = ¢ - - - equation (5)
Wot (WA 'WB)
where W, = W, of sample of oven - dry soil
W, = W, of pycometer filled with water

W; =W, of pycometer filled with water and soil
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3.4.3. Determination of Bulk Density

Bulk density of the soil samples were determined by ratio of oven dryness of the soil to bulk
volume of the soil using bulk density apparatus (Miller et al 2001). An ovenproof container was
washed air dried and weighed on an electronic balance (W3;). The soils to be analyzed was
carefully transferred into the dry container and further dried for 2 hours in an oven at 105 °C.
The sample was brought out, allowed to cool, weighed and recorded. The volume of the soil was
determined by measuring the height of the ring with a ruler in centimeter together with the

diameter of the ring whose half gives the radius of the ring (NLWRA, 2001). Mathematically,
Ring volume (cm?) = 3.142r° : : : . . . equation (6)
Bulk density (g/cm®) = Weight of dry soil (g)/ volume of soil (cm®) . equation (7)

BD = Bulk density (g/cm?)
W = Weight of oven-dry soil (g)

V = Volume of soil sample (cm?)

3.4.4. Determination of True Density and Percentage Porosity

Percent pore space (PS) is the ratio of the volume of voids in a soil to the total volume (bulk
volume) of the soil times 100. Texture and structure are the main factors governing the amount
of PS in soil. The OM affects pore space indirectly by improving structure. If the aggregation of
a particular soil is increased, the TPS increases, and the weight per unit volume or BD of the soil
decreases. A medium textured mineral soil that is in good structural condition for plant growth
has a PS of about 50 %. This PS is important for gas exchange (O, and CO,) between the soil

and the atmosphere, and water storage and movement. The PS is filled with air and water.
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Depending on pore size, pore spaces are given the name macro-pores (large) or micro-pores

(small). There is no sharp line of demarcation between the two pore sizes. (Estefan et al., 2013)

Calculation

PD-BD

— X
PD

Pore Space (%) = 100 . . . . equation (8)

Where: PD = Particle density (g/cm?)
BD= Bulk density (g/cm?)

3.4.5. Determination of Particle Size Distribution (Hydrometer Method)

The hydrometer method of silt and clay measurement relies in the effect of particle size on the
differential settling velocities within a water column. By this method (using Hydrometer with
Bouyoucous scale in (g/L) after 40 second all sand-sized particles (0.02 mm and larger) settle out
of the suspension and after 4 hours, particles larger than clay (0.002 mm) settle out of the
suspension (Estefan et al., 2013). Theoretically, the particles are assumed to be spherical having a
specific density of 2.65 g/cm®. If all other factors are constant, then the settling velocity is
proportional to the square of the radius of the particle (Stoke’s Law).

2
Mathematically, V= %}:pd') : . . . : equation (9)
V = Velocity of fall (cm/sec)
r = "equivalent” radius of the particle (cm)
pdp = Density of particle (g/cm3), 2.65 is a (usual) good approximation
pdl = Density of liquid (g/cm3), for water this is ~1.0

g= Acceleration of gravity (cm/sec), value at the sea level is 981
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n= Viscosity of liquid (g/cm/sec)

3.4.6. Determination of Moisture Context

This method is based on removing soil moisture by oven-drying the soil sample until the weight
remains constant. 30 g of soil sample was weighed in a weighing tin and covered with lid. After
which the lid was removed and the tin with content was dried in an oven to a constant weight

between 105% + 5%. The lid was replaced and the whole container placed in a desiccators to

cool after which the tin and content were weighed. The moisture content of the soil as a
percentage of the dry soil weight was calculated for all the samples using the formula below

(Standard Association of Australia, 1997).

MC% = M><1OO - - - - - equation (10)
Ws' 1
Where; W, = W,-W, = weight of dry soil (g)
W, = weight of tin (g)
W, = weight of moist soil + tin (g)
W, = weight of dried soil + tin (g)

Wet soil (g)
Dry soil (g)

Moisture Factor = - - - - equation (11)

3.4.7. Determination of Electrical Conductivity

Exactly 2509 of the dried soil samples were weighed into separate 400 ml flask and were mixed
with deionized water until the soil is glisten (Nwachukwu et al ., 2018). The mixtures were
covered with paraffin and left to sit overnight. The next day, 50 g of the paste were weighed and

transferred into 50 ml beaker while taking into account the initial weight of the empty beaker and
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the final weight of the beaker with paste. Later the various beakers were left in an oven
overnight to dry. The next day, samples were brought out, allowed to cool, filtered (Buckner
funnels, filter papers and Erlenmeyer flasks attached to the vacuums). The filtrates were taken
and the electrical conductivity determined electronically with a calibrated electrical conductivity

meter 430 Multi-Parameter by Jenway (Richard L.A., 1954).
3.4.8. Determination of Organic Matter

Exactly 2 g of dried sample of mesh size < 60 mesh was weighed into a 500 ml Erlenmeyer flask
with the addition of 10 ml of 0.167 M K,Cr,O;. It was followed by the addition of 20 ml
conc.H,SO4 swirled and allowed to stand for 30 minutes in an insulation pad. The mixture was
further diluted with 200 ml of deionized water and 10 ml 85% H3PO, and 0.2 g NaF were all
added simultaneously. Prior to the filtration, 10 drops of ferroin indicator was added to avoid
deactivation by adsorption onto clay surfaces. Later the solution was mixed with 0.5 M Fe* to a
burgundy endpoint (Walkdey and Black 1934). A blank sample used in standardization of Fe®*
solution was also ran using the procedure above. Calculations of percentage organic matter for

each of the samples were done with the following formula:

- 2+
% Carbon = (B S)XM_ of Fe” x12x100 - - - - equation (12)
soil(g)*x4000

0
% Organic Matter = % Total Cx1.72 - - - - equation (13)

0.58

Where B = mL of Fe?solution used to titrate blank

S = mL of Fe**solution used to titrate sample
12

——— = milli equivalent weight of C in g.
4000 a d g
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3.4.9 Soil Microbial Analysis (Total Coliform)

Exactly 1.0 g of crushed soil samples were mixed with 20 ml of distilled water in 100 ml
volumetric flask and made up to the mark with deionized water in triplicates to give a dilution

factor of 102, The diluted samples were filtered through membrane filter with a vacuum pump.

The filter membrane was placed in the m-HPC agar plate and incubated using an incubator pre-

set to 28 + 2% for 24 hours. Observation was made for colony development on the filter

membrane and colonies were counted as colony forming unit per 100 g (Ogbonna et al., 2009).
3.5.0 Analysis of Phosphate (PO,%)

Extraction solution for phosphate: 42.00 g of NaHCO3; was dissolved and adjusted to pH of 8.5
with 50% NaOH and acetic acid. Standard solution of ammonium molybdate was prepared by
dissolving 12.7 g of the salt in 250 ml of distilled water. Antimony potassium tartarate was
prepared by dissolving 0.291 g in 100 ml of distilled-deionized water. Both reagents prepared
above were added into 100 ml of 5 m H,SO,, mixed thoroughly, made to 200 ml with deionized

water and were stored in a Pyrex glass bottle in a dark compartment.

Preparation of colour developing reagents: Stock phosphate solution (1000 gm/L): 4.40 g of the

oven dried KH,PO, salt was dissolved in deionized water, 1 mL of conc. H,50, added and the

solution further diluted to 1 L in a volumetric flask. From the prepared solution above, 10 mL
aliquot was placed in a 50 mL measuring flask and certain amount of deionized water was added.
10 mL of the colour developing reagent was also added, stirred and allowed to stand for 15 mins.
It was later measured at 880nm by using Spectronic 21D UV/Visible Spectrophotometer and
glass cells. Prior to the analysis, standard calibration curve was prepared by taking volumes of
0.00 - 12.00 mL from the standard solution of KN @, (Mussa et al., (2009).
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3.5.1 Analysis of Sulphate (S0,%)

50 g of each of the investigated soil samples were weighed (Nwachukwu et al ., 2018) and
transferred to different 250 ml conical flask followed by the addition of exactly 50 ml of distilled
water (1:1 ratio) with agitation. The agitation was done using mechanical shaker for 10 minutes.
The sample mixture was left for 30 minutes and filtered with Whatman No. 42 filter paper into a
Buchner funnel. After the extraction of the sample, conditional reagent was prepared by mixing
50 ml glycerol with a solution containing 30 ml conc. HCI, 300 ml deionized water, 100 ml
(95%) ethanol and 75 g NaCl. Standard sulphate 0.1 M was also prepared by drying Na,SO, at
110 °C in an oven for about 2 hours followed by cooling in a desiccator after which 7.10 g from
it was dissolved in 1.0 L of de-ionized water. Also, 3 mL of the sample was taken out of the
stock and further diluted to 100 mL in a 250 mL conical flask. 5 ml conditional reagents were
also added while stirring followed by a spoonful of BaCl, crystals. After stirring for about 4
minutes, the solution was poured into a 4 cm sample silica cell and the absorbance was measured
at 420 nm by using Jena Model UV-VIS Spectrophotometer (Mussa et al 2009). Prior to

analysis, a standard calibration curve was prepared at 5.0 ml interval.
3.6.  Instrumentation

Contents of heavy metals (Fe, Zn, Cd, Cr, Pb, Cr, and Ni) in all the soil samples from the
investigated mechanic villages were determined using the method of the Association of Official
Analytical Chemists (AOAC 1990). Prior to analysis, working standard solutions of the heavy
metals were prepared from their various stock solutions of 1000 ppm in 2 M HNO3 (Onojake et
al.,2015) and the respective absorbencies of the heavy metals were measured using AAS

machine (Unicam 969 Solar). After that, calibration curves were obtained for concentration
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versus absorbance. The filter membrane was placed in the m-HPC agar plate. Observations were

also made for colony development on the filter membrane (Chalem, et al 2008).
3.7  Statistical Analysis

Descriptive Statistics were used to determine the mean and standard deviation where appropriate
(Nwoko et al., 2018). Inferential Statistics were also conducted to determine one — way analysis
of variance (ANOVA) among the measured parameters. Post hoc comparison using Turkey’s
tests and test for homogeneity of variance was used in identification of significant difference in
measured parameters among the sampling points (Hassan et al., 2018). Pearson’s correlation
analyses were further implored to evaluate the potential relationships among variables and Eta
square (n?) was also conducted to assess how much the independent variables have affected the

dependent variable. IBM SPSS statistics software 16.0 was used for the statistical analyses.
3.8 Pollution Indices Assessment

Pollution index model is an important tool for processing, analyzing and conveying raw
environmental information to decision markers, managers, technicians and the public (Caeiro et
al., 2005). In this study, four population indices were used for the environmental assessment of
level and effects of investigated heavy metals contamination in three major mechanic villages in
Abuja (Nwoko et al., 2018). Models used were contamination indices, ecological risk indices,

degree of contamination and potential ecological risk index (Qingjie et al., 2008).

3.8.1 Single Indices

Single indices are indicators used to calculate only one metal contamination in soil sediment and
water. They include: contamination factor, enrichment factor, ecological risk index and index of
geo-accumulation (Qingjie et al., 2008)
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3.8.1.1 Contamination Factor

Contamination factor () is a diagnostic tool for the assessment of levels of heavy metal

contamination in sediment, water, sludge and soil. Contamination factor can also be used to
differentiate sources of heavy metal contamination. It can also be used to determine the degree of
anthropogenic influence (Caeiro et al., 2005; Hakanson .L., 1980). Mathematically, it is

expressed as;

Ci=—- - - - - - - - - - equation (14)

ci: Contamination factor; C,: content of metal i instead of mean content from at least 5 sample
sites; c,: reference value, baseline level, or national criteria of metal i.

The following terminologies are used to describe the contamination factor; ci <1, low
contamination factor; 1<ci <3, moderate contamination factors; 3<ci <e, considerable
contamination factors; and ¢ »¢ very high contamination factor (Qingjie et al., 2008). Table 2

shows the pre-industrial reference level determined from various European and American lakes

(Qingjie et al., 2008).

Table 1 Pre-Industrial Reference Level (ng/g) and Toxic- Response Factor by Hakanson (1980)

Heavy metal Hg Cd As Cu Pb Cr Zn
Pre-industrial reference level 025 10 15 50 70 90 175
Toxic-response factor 40 30 10 5 5 2 1

51



3.8.1.2 Ecological Risk Factor
This is a component of pollution indices used for assessing the ecological risk associated with

heavy metal contamination in soil and sediments (Qingjie et al., 2008, Bawa-Allah et al., 2017).
El=T'xC} - -~ -~ -~ -~ -~ -~ equation (15)

E' : Ecological risk factor

C} : Contamination Factor

T : Toxic - response factor for a given substance.

Toxic - response factors of heavy metals are shown in Table 1 (Qingjie et al., 2008). The

following terminologies are used to describe the risk factor:g! <40, low potential ecological
risk; 40<E' <80, moderate potential ecological risk; 8o<E! <160, considerable potential
ecological risk; 160 <E' <320, high potential ecological risk; and g! > 320, very high ecological

risk (Qingjie et al., 2008).). Although the risk factor was originally used as a diagnostic tool for
the purpose of controlling water pollution, it was successfully used for assessing the quality of

sediments and soils in environment by heavy metals.

3.9 Integrated Indices

Integrated indices are indicators used to calculate more than one metal contamination, which
were based on the single indices. Each kind of integrated index might be composed by the above
single indices separately. According to algorithm, eight integrated methods were illustrated as

following.
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3.9.1 Degree of Contamination
Degree of contamination (Cy4) was originally defined as the sum of all contamination factors

(Qingjie et al., 2008)

Ci=> C - - - - - - - equation (16)
i=1

i
Where C, is the single index of contamination factor, and m is the count of the heavy metal
species. For the description of contamination degree, the following terminologies have been

used: Cq < m, low degree of contamination; m < Cyq < 2m, moderate degree of contamination;

2m<C <4m, considerable degree of contamination; and Cy4 > 4m, very high degree of

contamination (Caeiro et al., 2005; Pekey et al., 2004, (Qingjie et al., 2008)).

3.9.2 Potential Ecological Risk
The potential ecological risk index (RI) was in the same manner as degree of contamination

defined as the sum of the risk factors

PERI = iE'r - - - - - - equation (17)

i=1
Where Eri is the single index of ecological risk factor, and m is the count of the heavy metal
species. The following terminology was used for the potential ecological risk index: RI < 150,
low ecological risk; 150 < RI < 300, moderate ecological risk; 300 < Rl < 600, considerable

ecological risk; and RI > 600, very high ecological risk (Hakanson, L., 1980, (Qingjie et al., 2008)
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CHAPTER FOUR

4.0 Result and Discussion

4.1  Physicochemical contents of studied soil

Table 2 Physiochemical Properties of Soil samples in Investigated mechanic villages (Ekeocha et al.,
2017)

Sample pH Percentage  Electrical Particle Sulphate Chloride Nitrate Total
points Porosity Conductivity  Size (mg/q) (mg/g) (mg/g) Coliform
(%) (us/cm) Distributio count
n (um) (cfulg)

A 7.20 59.6 388 511 0.60 0.05 0.15 230
A, 7.19 62.1 391 568 0.51 0.11 0.25 210
Ay 7.22 60.1 386 561 0.63 0.13 0.15 140
A, 7.39 60.9 369 576 0.68 0.12 0.09 110
As 7.31 59.7 388 596 0.68 0.08 0.12 120
X+SD 7.26£0.09 605F1.04 384%879  562%31.7 051F0.2 0.10F0.34 0.15F058 162+54.5
Range 719739  506-609  369-391 511-596 6 0.05-0.11  0.09-0.25  110-230
Ki 7.49 59.8 219 459 0.51-0.68  0.06 n.d 360

0.57
K, 7.88 63.4 230 349 0.29 n.d n.d 590
Ks 7.77 66.4 310 458 0.40 0.11 0.07 450
K, 7.41 59.8 289 474 0.18 0.09 0.11 180
Ks 7.19 60.2 355 400 0.34 n.d n.d 90
X+SD 7551028 61.9%2.92 281156.6 428+525 0.3510.1 0.87%0.3 0.09%0.35 3347 202
Range  719.788 59.8-66.4  219-355 349-474 4 0.06-0.11  0.07-0.11  90-590
Zy 7.10 59.3 389 527 0.18-0.57  0.11 0.02 140

0.45
Z, 7.19 56.8 388 556 0.58 0.15 0.09 250
Zs 7.19 60.8 367 587 0.65 0.13 n.d 80
Z 7.24 59.7 391 600 0.62 0.09 n.d 80
Zs 7.33 60.4 380 610 0.59 0.11 0.11 920
X+SD 7.20£0.09 159*157 383%9.87 576+34.2 058*0.7 0.12+0.23 0.07F049 128 *726
Range  719.733  56.8-60.8  367-291 527-610 7 0.09-0.15  0.02-0.11  90-250
Control 7 99 56.6 206 366 0.45-0.65 n.d n.d 160

0.16

A: Apo automobile repair sites; K: Kugbo automobile repair sites; Z: Zuba automobile repair sites; n.d: not determined; n.|
no limit.

54



Heavy metal accumulation in sediments had been reported to be controlled directly or indirectly
by redox conditions either through a change in the redox state or speciation (McKay et al., 2007).
The result of the study showed that maximum and minimum pH values of 7.88 and 7.10 were
detected in soil samples drawn from Kugbo and Zuba mechanic villages respectively. A
decreasing trend in the mean values of pH in the investigated automobile repair site were
observed to follow the sequence of Kugbo site (7.548) > Apo site (7.26) > Zuba site (7.20). The
results of the pH as recorded were also found to be higher than those reported by (Adewoyin et
al., 2013; Iwegbue et al., 2006). Importantly, pH is vital in solute concentration and in sorption

and desorption of contaminants in soil (Elliot et al., 1986).

Results of percentage porosity of soil samples (Table 2) reveal that all the values of percentage
porosity in the investigated soils were above average with least and highest values of 59.8% and
66.4% recorded in Zuba and Kugbo automobile repair sites, respectively. A decreasing order of
mean values of % porosity in all the sites can be written as Zuba site (61.9%) > Apo site (60.5%)
> Kugbo site (59.4%). High % porosity in soil could be traceable to some automobile repair
activities like welding and fabrication, panel beating of automobile parts, indiscriminate
discharge of metal scraps, lubricants, hydraulics, battery electrolytes and petroleum products.
Electrical conductivity recorded mean values of 281 ps/cm, 383 ps/cm and 384 ps/cm in Kugbo,
Zuba and Apo mechanic villages. These mean values also exceeded that of control site (206
us/cm) which possibly indicates anthropogenic influence on the quality of the soil. High values
of electrical conductivity could be traced to deposit of heavy metals which are also good
electrical conductors. In addition, the research findings from the study reveals that values of
particle size distribution in all the sites ranges from (349 - 596) um as shown in Table 2. Mean
values of particle size distribution in the investigated sites were observed to follow a decreasing
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order of Zuba site (576 um) > Apo site (563 um) > Kugbo site (428 pm) respectively (Nwoko et
al., 2018). These results also exceeded that of control value and thus depict anthropogenic
influence (Nwoko et al., 2018). High particle size distribution could also be linked to some

automobile repair activities like scrapping and refurbishment of vehicles, spraying and painting.

4.2  Results of Anionic Contents of Studied Soil

Results of anionic contents in investigated soil as shown in Table 2 reveal that values of sulphate
fluctuated between 0.51 — 0.68 mg/g, 0.18 — 0.57 mg/g and 0.45 — 0.65 mg/g in Apo, Kugbo and
Zuba automobile repair sites, respectively. High sulphate content is soil could be attributed to
automobile repair sites activities like indiscriminate discharge of lubricants, electrolytes, oil
sludge and used petroleum products. Chloride contents in investigated soils recorded a
decreasing mean values in the order of Apo site (0.110 mg/g) > Zuba site (0.097 mg/g) > Kugbo
site (0.033 mg/g). Some automobile repair activities that could have added to chloride content in
soil include: Changing and repair of automobile air condition gases, radiator coolants etc.
Nitrates contents in investigated soil fluctuated between 0.09 — 0.25 mg/g in Apo site, 0.09 —
0.35 mg/g in Kugbo site and 0.02 — 0.11 mg/g in Zuba site. Total coliform count unit (cfu/g) as
shown in Table 2 recorded some values that exceeded those of control 160 cfu/g and standard
acceptable count of 100 cfu/g. comparatively the values of total coliform count unit in all the
sites fluctuate between 110 — 230 cfu/g in Apo site, 90 — 590 cfu/g in Kugbo site and 90 — 250

cfu/g in Zuba site respectively.
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4.3  Levels of heavy metals in soil

Table 3 Heavy metal concentration in soils (mg/kg) in investigated mechanic villages (Ekeocha
et al., 2017; Nwoko et al., 2018)

Mechanic Cr Fe Ni Cu Zn Cd Pb
village

As 1117 561 238 1677 8200 12.5 96.4

A, 1173 426 212 22000 5288 115 357

Az 1916 423 402 12830 8421 10.6 967

A4 814 411 48.6 219 847 8.90 194

Aps 848 512 80.5 1616 4045 8.90 51.7
Average 1174 467 196 7668 5360 10.5 333
Mean 1SD 11741444  467166.4 1961141 766819488 536013144 10.5f1.59 3331373
Range 814-1916  411-561  48.6-402  219-22000  847-8421 8.94-125  51.7-967
Ki 911 203 195 3144 2869 1.20 89.6

K2 288 320 370 407 719 10.2 201

Ks 726 259 110 340 2016 15.2 316

K4 915 145 178 1017 1441 1.50 15.7

Ks 1074 157 318 306 890 19.2 225
Average 783 217 234 1043 1587 9.47 170
MeantSD 7831303 217173.3 2341107  1043t1210 15871879 9.47t8.07 1701118
Range 288-1074  145-320  110-370  340-3144 719-2869 1.20-19.2  15.7- 316
Z; 830 302 187 686 410 10.2 199

Z, 764 331 148 351 976 12.5 58.3

Z3 1120 195 127 956 1010 9.50 249

Z, 630 306 126 352 1710 8.80 443

Zs 491 260 48.0 217 1845 11.1 298
Average 767 279 127 512 1190 10.4 250
MeantSD 7671236 279153.4  127150.7 5121302 11901589 10.411.41 2501140
Range 491-1120  195-331  48.0-187  217-956 410-1845 8.84-125  58.3-443
Cr 1108 2.45 108 37.3 734 na 102

Br 100 5000 35.0 36.0 140 0.80 85.0

lv 380 nl 210 190 720 17.0 530
CEPA 61.0 nl 26.0 23.0 100 0.10 26.0
USEPA 26.0 nl 31.0 16.0 110 0.60 31.0
EUSTD 180 nl 300 140 300 3.00 300
UKSTD 6.40 NI 70.0 63.0 200 1.40 70.0
FAO/ISRIC 250 nl 150 50.0 175 5.00 150

Ap: Apo auto mechanic village; Ky: Kugbo auto mechanic village; Z,: Zuba auto mechanic village; Cr:
control sample; Bt: background values of DPR (2002); Iy: intervention value of DPR (2002). n.a: not
available; n.I: no limit, (Ekeocha et al., 2017; Nwoko et al., 2018)
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4.3.1 lron

The concentration of iron in sampled soils in the mechanic villages when compared with values
of nickel and cadmium were high. Iron fluctuated between 144.96 mg/kg and 561.39 mg/kg in
the three sites. These values were seen to be lesser than the values reported in soils around auto
mechanic spare parts market and soil in oil field in Nigeria (Iwegbue et al., 2006). When
compared with the tolerance value set by DPR (2002) the values of iron were found to have
fallen below this tolerance value (Table 3). Low concentration of iron can be attributed to
geogenic activities. Also the geographical location of Abuja and the availability of this metal
especially in its ore form in the soil are believed to have been a major factor which contributes to
the low concentration of iron recorded. This result fitted with the common range found in
unpolluted soils and iron is ranked fifth abundance element in the study. The mean values of iron
were seen to follow the sequence of site A (466.74mg/kg) > site Z (278.56mg/kg) > site K

(216.83mg/kg).

43.2 Zinc

Results of heavy metal contents in (Olarenwaju, et al., 2015) investigated soil samples are shown
in Table 3. Values of zinc fluctuated between (847 — 8421 mg/kg) in Apo, (719 — 2869 mg/kg) in
Kugbo and (410 — 1845 mg/kg) in Zuba mechanic villages respectively. These values are higher
than the tolerance values by DPR (2002) and those of the pre — industrial reference value by
(Hakanson L., 1980; Iwegbue et al., 2013). Also concentration level of zinc from the study
(Table 3) reveals that values of zinc are greater than the tolerance values of certain regulatory
agencies in the world such as FAO/ISRIC (2004) (500mg/kg), USEPA (1999) (110 mg/kg),

UKSTD (2000) (200 mg/kg), CEPA (1990) (100 mg/kg) and EUSTD (1983) (300 mg/kg). Site A
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from the graph of Figure 4 recorded the highest concentration in all the five sample points. The
main source of pollution is anthropogenic like scrapping and panel beating of vehicle body parts,
attrition of vehicle tires, lubricating oil that contain zinc additives like zinc dithiophosphates

(Jaradat et al., 1999).

4.3.3 Copper

Results of the study showed that copper is the second most abundant metal among the
investigated heavy metals (Table 3). Although copper which serves as an essential element both
to humans and animals at low concentration can also be toxic at high concentration. Their
concentration (mg/kg) in investigated soils ranges from (219 — 22000) in Apo mechanic village,
(340 — 3144) in Kugbo mechanic village and 217 — 22000 in Zuba mechanic village respectively.
The mean values of copper content in the sites are as follows: Apo mechanic village (7668.38
mg/kg) > Kugbo mechanic village (1042.84 mg/kg) > Zuba mechanic village (512.40 mg/kg).
The level of copper found in all the sites were above that reported by (Gungshik, J.R., 2008;

Iwegbue et al., 2013; Osakwe et al., 2008) and some international regulatory bodies (Table 3).

4.3.4 Nickel

Level of nickel as observed ranges from (48.0 - 402.4) mg/kg with an average abundance of
185.89 mg/kg which is far higher than the tolerance value (Haciyaakupoglu et al., 2014) or
maximum permissible limits provided by DPR (2002) 35 mg/kg, USEPA (1999) 16 mg/kg,
FAO/ISRIC (2004) 100mg/kg, CEPA (1990) 26.90 mg/kg. Nickel in soil is usually present in
organically bound form, which under acidic and neutral conditions increases its mobility and bio
availability (Kabata - Pendias et al., 1999). Nickels in soils are majorly from diesel and spent

lubricating oil and grease.
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435 Lead

Mean concentration of lead in soil samples in Kugbo, Zuba and Apo mechanic villages are in the
ranges of (15.70 — 315.8) mg/kg, (58.3 — 443.1) mg/kg and (51.7 — 966.9) mg/kg respectively.
All the mean values of lead from the sites exceeded the standard limit of by UKSTD (70 mg/kg),
CEPA (26.0 mg/kg), USEPA (31.0 mg/kg) and DPR (85.0 mg/kg). High level of lead in soil in
the sites can be attributed to anthropogenic components like exhaust gases from petrol engine,
used petroleum products, emissions from welding and soldering, dry cell batteries (lead acid
accumulator), car paints, leaded gasoline etc. The trend of decrease is in the mean concentration

of lead from the sites are; site A (333.08mg/kg) > site Z (249.54mg/kg) > site A (196.40 mg/kg).

4.3.6 Chromium

The levels of chromium observed from the study among the three sites shows that it ranges from
287.5mg/kg to 1915.8 mg/kg with an average of 976.29 mg/kg. These values were far higher
than the values reported by some researchers like; Umoren, I.U and Onianwa, P.C; (2005), Hong,
et al., (2014) and Adaikpoh, E.O., (2013). These values also exceeded the tolerance values
established by DPR (2002) 100 mg/kg, USEPA (1999) 26mg/kg, EUSTD (1983) 180mg/kg,
CEPA (1990) 61mg/kg, FAO/ISRIC (2004) 250 mg/kg etc. Chromium can enter the soil through
coloured polyethylene, empty and scrapped vehicle paints, discarded plastic materials, lead-

chromium batteries etc

4.3.7 Cadmium

Results of the investigation showed that cadmium contents were in the range of 1.23 —
19.2mg/kg. The mean values in the sites were as follows; site A (11.088mg/kg) > site Z (10.414
mg/kg) > site K (9.47mg/kg). Notably, observed values of cadmium were higher than the values
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reported by Japtap et al., (2010), Babatunde and Steve (2014), Hakanson (1980), DPR (2002),
USEPA (1999), FAO/ISRIC (2004) and CEPA (1990). The trend of decrement can be written as
site A (11.088mg/kg) > site Z (10.44 mg/kg) > site K (9.47 mg/kg). Lead in soil is majorly
through artificial activities like scrapping and spraying of vehicles, wear of automatic tyres,

condemned car batteries, metal coating, etc.

4.4.0 Pearson’s correlation analysis

Correlation analysis is a statistical tool used in measuring and analysis of degree of relationship
between two or more variables. This gives us clue on the degree and direction of the relationship
between measured variables. At such, sources and relationship between variables can be
determined using correlation analyses. Mathematically, Karl Pearson’s correlation coefficient
can be stated as:

NY XY ->X>Y

r= - - - - (18)

o] oo (]

where N = number of samples; X,Y are the single samples indexed;
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Table 4 Pearson’s Correlation Coefficient of Heavy Metals in Apo Mechanic Village (n=5) (Ekeocha et

al., 2017)
Fe Zn Cu Ni Pb Cr Cd pH EC %P PSD 8042' Ccr NO3
Fe 1.00
Zn 0.40 1.00
Cu -0.49 0.33 1.00
Ni -0.07 0.88* 0.53 1.00
Pb -0.57 0.48 0.55 0.83 1.00
Cr -0.28 0.75 0.52 0.96**  0.94* 1.00
Cd 0.38 0.76 0.41 0.60 0.12 0.37 1.00
pH -0.27 -0.87 -0.65 -0.76 -0.35 -0.59 -0.88* 1.00
EC 0.44 0.72 0.52 0.49 0.11 0.34 0.59 -0.85 1.00
%P -0.69 -0.36 0.71 -0.10 0.11 -0.07 0.06 -0.08 -0.07 1.00
PSD -0.51 -0.64 0.07 -0.46 0.01 -0.24 -0.86 056 -0.21 0.26 1.00
50,2 0.08 -0.41 -0.82 -0.41 -0.16 -0.26  -0.77 0.80 -0.59 -0.64 0.38 1.00
Cr -0.61 0.30 0.69 0.62 0.68 0.63 0.48 -0.44 -0.03 059 -0.33 -0.62 1.00
NO; -0.14 0.41 0.91* 0.43 0.24 0.31 0.64 -0.80 0.70 0.64 -0.16 -0.96** 0.53 1.00

EC: Electrical Conductivity; %P: Percentage Porosity; PSD: Particle Size Distribution; Significant /r/*(p < 0.05); ** (p < 0.01)

Results of correlation analyses of heavy metals and physiochemical properties of investigated

soils are shown in tables 4, 5 and 6 below. The results shown in Table 4 indicate that strong

positive correlation exist between the following metals (Nwoko et al., 2018) Pb/Cr (r = 0.94)

evidencing that in 94 % of cases, the correlation of both heavy metals increases simultaneously

(Nwoko et al., 2018). Other strong positive correlation were seen among Zn/Ni (r = 0.88)

(Uluturhan et al. 2009), Cr/Ni (r = 0.96), Cr/Zn (r = 0.75), Cd/Zn (r = 0.76), Ni/Cd (r =0.60) and

Cu/Pb (r = 0.55) respectively. This indicates that the studied heavy metals have identical

behavior, are mutually dependent and are also from the same source. Strong negative

correlations also exist between some physicochemical properties of the soil samples and some
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heavy metals as follows: Cd/pH (r = - 0.88), SO,*/NOs (r = - 0.96), Zn/pH (r = - 0.87), Cd/PSD
(r = - 0.86), Cu/SO,* (r = - 0.82), Cd/SO,* (r = - 0.77), Ni/pH (r = - 0.76), Fe/%P (r = - 0.69),
Cu/pH (r = - 0.65) and Cr/pH (r = - 0.59). This strong negative correlation indicates that the

sources of the metal were from different origin.

Table 5 Pearson’s Correlation Coefficient of Heavy Metals in Kugbo (Adomoko et al., 2008) Mechanic

Village (n=5) (Ekeocha et al., 2017)

Fe Zn Cu Ni Pb Cr Cd Ph EC %P  PSD SO/~ Cl NOj
Fe 1.00

Zn -0.14 1.00

Cu -0.22 0.81  1.00

Ni -0.27 072 -0.28 1.00

Pb -0.53 020  -0.58 0.05 1.00

Cr -0.93* 0.33 028  -0.37 027 1.00

Ccd 018  -051 -0.74 0.28 0.87 0.00  1.00

pH 0.93 000 -017  -0.02 -0.38  -091* -0.04 1.00

EC -0.50 038  -063  -0.10 0.39 056 071 -055 1.00

%P 073  -006 -051 -024 080 058 047 077 006 1.00

PSD  -0.13 0.74 049  -0.87 040 -011 -0.69 021 -035 008 1.00

so,2  0.08 0.79 070  -0.27 0.17 023 -0.09 -002 -031 -001 0.8 1.00

cr -0.20 0.61 019  -097* -0.14 023 -038 013 003 027 092*  0.06 1.00
NO;  -0.36 0.06 -0.19* -0.65 -0.33 018 032 -002 024 008 066 -054** 079 1.00

EC: Electrical Conductivity; %P: Percentage Porosity; PSD: Particle Size Distribution; Significant /r/*(p < 0.05);** (p <0.01)

Analyses of correlation coefficient among variables in Kugbo mechanic village as shown in
Table 5 reveals that strong positive correlations exist among heavy metals in the sampled soils as
follows; Pb/Cd (r = 0.87), Zn/Cu (r = 0.81) and Pb/Zn (r = 0.53) (Tokalioglu et al., 2002). Also
among metals and physiochemical properties like Fe/pH (r = 0.93), Pb/%P (r = 0.80), Fe/%P (r =
0.73), Zn/ SO4% (r = 0.79), PSD/ Zn (r = 0.74), Cu/ SO, (r = 0.70) and Zn/CI" (r = 0.61). Strong
negative correlation also occurred between heavy metals like Fe/Cr (r = -0.93), Ni/Zn (r = -0.72),

Cd/Cu (r = -0.74) and Pb/Cu (r = -0.58) and with physiochemical properties of soil like Cr/pH (r
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= -0.91), Ni/PSD (r = -0.87), PSD/Cd (r = -0.69), Ni/NO3™ (r = -0.65) and Cu/EC (r = -0.63)

(Tokalioglu et al., 2002).

Table 6 Pearson’s Correlation Coefficient of Heavy Metals (Sallah et al., 2012) in Zuba Automobile
Repair Sites (n = 5)

Fe Zn Cu Ni Pb Cr Cd pH EC %P PSD SO/~ cr NO3
Fe 1.00
Zn -010 1.00
Cu -0.63 -0.64 1.00
Ni 0.37 -0.87 0.59 1.00
Pb -0.22 0.65 -0.14 -0.39 1.00
Cr -0.53 -0.65 0.95* 0.53 -0.32 1.00
Cd 041 -0.18 -0.40 -0.05 -0.84 -0.21 1.00
pH -0.04 0.94* -0.75 -0.94* 0.43 -0.75 0.10 1.00
EC 0.96* -0.03 -0.61 0.35 0.03 -0.60 0.16  -0.02 1.00
%P -0.80 0.34 0.36 -0.44 0.69 0.12 -0.73 022 -059 1.00
PSD -0.42 0.94* -0.35 -0.88* 0.65 -0.37 -0.30 085 -036 053 1.00
so  -0.48 0.66 -0.03 -0.58 0.34 0.09 -0.20 052 -053 066 0.82 1.00
Ccr -0.02 -0.45 0.24 0.24 -0.89*  0.49 072 -032 -029 -059 -036 0.11 1.00
NO3 0.26 0.32 -0.69 -0.55 -0.43 -0.59 0.83  0.60 0.10 -0.38 0.17 0.00 033 1.00

EC: Electrical Conductivity; %P: Percentage Porosity; PSD: Particle Size Distribution; Significant /r/*(p < 0.05);** (p < 0.01)

(Wei et al., 2013)

Strong positive correlations were seen (Wei et al., 2013) among some heavy metals in Zuba site as
follows: Cu/Cr (r = 0.95), Pb/Zn (r = 0.65), Cr/Ni (r = 0.53) and with some physiochemical
properties; Fe/EC (r = 0.96), Zn/pH (r = 0.94), Zn/PSD (r = 0.94), Pb/%P (r = 0.69), Pb/PSD
(0.65), Zn/ SO,* (r = 0.66). Major strong negative correlation among heavy metals like Ni/Zn (r
=-0.87) , Cd/Pb (r = -0.84), Cr/Zn (r = -0.65), Cu/Zn (r = -0.64) and Cu/Fe (r = -0.63). Also
between heavy metals and some physiochemical properties; Ni/pH (r = -0.94), Pb/CI" (r = -0.89),
Ni/PSD (r = -0.88), Fe/%P (r = -0.80), Cr/pH (r = -0.75), Cu/pH (r = -0.75), Cd/%P (r = -0.74),

Cu/NO3" (r = -0.65) and Cu/EC (r = -0.61) respectively. The correlation coefficients between
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concentrations of various heavy metals and those of physiochemical properties of the soil
samples show strong linear relationship between the variables, which probably indicate common
origin and mutual dependence. Heavy metals in investigated soils could be attributed to
(Olarenwaju et al., 2015) indiscriminate discharge of heavy metal containing wastes generated

from various automobile activities in soils in and around the studied mechanic villages.

45  Analysis of Variance (ANOVA)

Analysis of variance was conducted to compare the mean among groups and within groups. Test
for homogeneity of variance [Levene’s Statistic], mean plots, post hoc test [Turkey HSD] were
also conducted. Prior to the statistical analysis of the data, a research hypothesis was set for the

study as:

Question: Is there any difference in the mean values of the dependent variables in the three

mechanic villages.

Research Hypothesis: There is a difference in the mean values of the dependent variables in the

three mechanic village.

Null Hypothesis [Ho]: There is no difference in the mean values of the dependent variables in

the three mechanic village

Mathematically, [HO]: = p ok =Mz —Maiten - - equation (19)

Where U represent the mean values of dependent variables a-level = 0.05. Analysis of variance

was conducted to check the validity of the null hypothesis. The results of ANOVA conducted at
a-level of 0.05, showed that the variables had significant difference greater than a — level of
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0.05. That is [p-value > 0.05]; Fe [p = 0.376], Ni [p= 0.308], Pb [p = 0.574], Cd [p = 0.862], Cu
[p = 0.115], Cr [p = 0.147], OM [p = 0.653], TVC [p = 0.055], PP [p = 0.180] and BD [p =
0.089]. With these results, null hypothesis is said NOT to be rejected and there are insufficient
evidences to claim that some of the mean values may be different from each other. Thus there is
no significant difference among the mean value of the dependent variables (heavy metals) of the

three sites studied.

However, at a-level = 0.05, the following variables had p-values < a - level. They are; Zn [p=
0.009], SO,* [p= 0.003], EC [p= 0.000], pH [p=0.020], NO3 [p= 0.003], TD [P= 0.000], SG [p=
0.000], PMC [p= 0.003] and PSD [p= 0.000]. The result implies there is a significant difference
among the mean values of these sets of dependent variables. Hence, test for homogeneity of

variance and post hoc test will be conducted to validate this claim.

4.6 Test for Homogeneity [Levene’s Test]

Levene’s test was used to test for the homogeneity of the variance among the dependent
variables at a-level = 0.05 such that 0%, = Oay; = Oayes - The test showed that Ni [P = 0.131],

Pb [p = 0.152], Cr [p = 0.641], Cl [p = 0.107], BD [P = 0.080], SO.* [P = 0.342], NO5 [p =
0.631], TD [p = 0.191], SG [p = 0.169], OM [p = 0.033], PMC [p = 0.253] and PSD [p = 0.231].
Null hypothesis [Ho] is said NOT be rejected because all the p-values are greater than a-level of
0.05. Thus, there is a little evidence to show that the variances are not equal and the homogeneity

of variance assumption may be reasonably satisfied.

66



Nevertheless, some of the dependent variables gave p-values less than the a-level of 0.05. They
include; Fe [p= 0.022], Cd [p= 0.002], Cu [p= 0.000], TVC [p= 0.021], PP [p= 0.049], Zn [p=
0.026], EC [p=0.003] and pH [p= 0.015]. In this case, null hypothesis [H,] that the variances are
equal is also rejected for these sets of dependent variables. Since the F ratio is statistically
significant in some of the results of the variables, multiple comparisons test [Post Hoc tests] is

further conducted for these sets of variables.
4.7 Post Hoc Tests

The post hoc tests or multiple comparisons test were conducted from these sets of variables using
Turkey HSD. The results obtained are as shown below; Fe [p = 0.594], Zn [p =0.943], Cu[p =
0.143], Ni [p = 0.287], Pb [ p = 0.545], Cr[ p=10.184], Cd [p =0.851], TVC [p = 0.062], Nitrate
[p=0928 & 1], pH [ p = 0.862 & 0.059], EC [p = 1.00 & 0.998], CI [p = 0.154 & 0.785],

Sulphate [p =1.00 & 0.819] and OM [p = 0.678],

The result of the Post Hoc Tests showed that all the p- values for comparing the mean values of
the variables are greater than the a-level of 0.05. Conclusively, Null hypothesis [Ho] is NOT

rejected and this implies that it is unlikely that the mean values of the variables are different.
4.8  Effect size [Eta- Square]

Effect size [Eta square] is a value that enables us to see how independent variables [treatment
effect] have affected the dependent variables [DV] in an experimental study. Mathematically
effect square [nz] = the sum of square between Groups/Total sum of square. Eta Square [nz] were
also conducted to enable us see how much the independent variables (IV) have affected the
dependent variable (DV) using Cohen’s guideline (1988). Small effect was seen in Cd [n2 =
2.03%], Medium effect in Fe [n% = 8.78%], Pb [n® = 8.83%] and OM [n’= 7.53%]. Large effect
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were also seen in Ni [n% = 17.83%)], Cu [11%= 30.27], Cr [n*= 27.36%], Cl [n° = 39.24%], TVC
%= 54.62%], PP [n° = 24.84%], BD [n°= 33.25%], Zn [n° = 54.62%)], SO4* [n°= 61.90%], EC
[® = 72.38%], pH [n® = 47.81%], NOs™ [n® = 63.29%], TD [’ = 77.01%], SG [n® = 79.11%],
PMC [n?= 62.26%] and PSD [n? = 77.32%]. The statistics of the results of Eta-square values
above reveals that over 80% of the dependent variables showed large effect of Eta- value, a
conclusion can also be made that the variances seen could have been caused by the independent

variables (treatment effect).

Cohen’s guidelines (1988)
0.01 —0.058 small effect
0.059 — 0.137 medium effect

> 0.137 large effect
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4.9 Results of Ecological Risk Index Assessment of Heavy Metals in Soil from investigated

Mechanic Villages.

Table 7 Values and classes of contamination factor and degree of contamination of soil samples

from studied mechanic villages (Ekeocha et al., 2017)

Mechanic Fe Zn Cu Ni Pb Cr Cd Choolass
village
Kugbo or 0.0400 11.3 29.0 6.70 2.00 7.90 11.8 68.8
Ci 216 1587 1043 234 169 789 9.40
Cii 5000 140 36.0 35.0 85.0 100 0.800
Class | vh vh vh m m vh vh
Zuba or 0.0600 8.50 14.2 3.63 2.94 7.67 13.0 50.0
Ci 278 1190 512 127 250 767 10.4
Cii 5000 140 36.0 35.0 85.0 100 0.80
Class | vh Vh C m vh vh vh
Apo or 0.0900 38.3 213 5.61 3.92 11.7 13.9 287
Ci 467 5360 7668 196 333 1173 11.1
Cii 5000 140 36.0 35.0 85.0 100 0.800
Class | vh m c c vh vh vh

C, : Concentration of heavy metal in soil; C_ : background value for each heavy metal adopted from DPR
(2002);0,1 contamination factor; C_:Degree of contamination; I: low contamination; m: moderate

contamination; c: considerable contamination and vh: very high contamination.

The results of contamination factor and degree of contamination models (Table 7) revealed that 71.0% of the heavy
metal (Zn, Cu, Ni, Cr and Cd) in Kugbo mechanic village were in the class of very high contamination, whereas iron
and lead were in the class of low and moderate contamination respectively. In Zuba mechanic village, 54.1% of the
heavy metals (Zn, Cu, Cr, Cd) in soil were in the level of very high contamination. Apo mechanic village also had
42.9% of its soil in the level of very high contamination and the metal responsible for this are; Cr, Cd and Zn. Ni
and Pb were found to be in class of considerable contamination, whereas Cu and Fe had moderate and low
contamination. Comparatively Zn, Cd and Cr had very high contamination factor in all the sites which could be

attributed to anthropogenic processes. Fe had low contamination factor too in all the sites and this low
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contamination factor signifies that the pollution is from geogenic process as it dominates approximately 1.50% of
the earth’s crust (Tippie V.K., 1984). Also the three sites had very high degrees of contamination and a trend of
increase in degree of contamination can be deduced as Zuba site (50) < Kugbho site (68.8) < Apo site (287). This
could be attributed to some anthropogenic activities carried out in the studied mechanic villages and indiscriminate

discharges of heavy metal containing waste in and around the mechanic villages.

However results in Table 7 reveals that 66.7% of soil samples from Kugbo mechanic village though contaminated
but are of low ecological risk to the environment. The remaining 33.3% of soil samples possess considerable
ecological risk as a result of mild contamination. In Zuba mechanic village, 83.3% of soil samples indicated low
ecological risk and copper which covers 16.7% showed moderate ecological risk. Copper because of its high content
recorded high ecological risk in Apo mechanic village, cadmium showed moderate ecological risk and other heavy
metals in soil in Apo site possess low ecological risk (Liu et al., 2014). Comparing the Potential Ecological Risk
Index [PERI] (Wei et al., 2013) on the three sites investigated, Kugbo and Zuba mechanic villages were in the class
of moderate potential ecological risk while Apo with PERI value of 1216 falls in the class of very high potential
ecological risk index (Li et al., 2012). These results also indicated that soil in Apo mechanic village with the highest
value of PERI possess more environmental trait to health of humans, organisms and ecosystem at large. Thus urgent
steps have to be taken so as to avert the outbreak of an epidemic and series of health related problems caused by

heavy metals in that area.

70



Table 8 Ecological Risk Factor, Potential Ecological Risk Index and Pollution Classes of Soil in the

Studied Sites (Ekeocha et al., 2017, Nwoko et al., 2018)

Mechanic Zn Cu Ni Pb Cr Cd PERI
village
Kugbo E, 11.3 145 334 10.0 15.8 35.5 251
Cs 11.3 29.0 6.70 2.00 7.90 11.8
T, 1.00 5.00 5.00 5.00 2.00 3.00
Cii 5000 140 36.0 35.0 85.0 100 0.80
Class Ip cp Ip Ip Ip cp mp
Zuba E, 8.50 71.2 18.2 14.7 15.3 39.0 167
Cs 8.50 14.2 3.60 2.90 7.70 13.0
T, 1.00 5.00 5.00 5.00 2.00 3.00
Cii 5000 140 36.0 35.0 85.0 100 0.80
Class Ip mp Ip Ip Ip cp mp
Apo E; 38.3 1065 28.1 19.6 23.5 41.6 1216
Cs 38.3 213 5.60 3.90 11.7 13.9
T, 1.00 5.00 5.00 5.00 2.00 3.00
Cii 5000 140 36.0 35.0 85.0 100 0.80
Class Ip vhp Ip Ip Ip mp vhp

E; : Ecological risk factor; Cs: Contamination factor; T,: Toxic response factor for a given metal; PERI:

Potential Ecological Risk Index; PERI.ss : Classification of Potential Ecological Risk Index; I: Low

potential ecological risk; m: Moderate potential ecological risk; C,: Considerable potential ecological risk

and vy,: Very high potential ecological risk (Li et al., 2012)
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CHAPTER FIVE

5.0 Conclusion and Recommendation

5.1 Conclusion

The results obtained from the study supply valuable information on various levels of heavy metal
contents in soils drawn from three major mechanic villages in Abuja, Nigeria. The results also
showed the distribution pattern of the studied heavy metals whose values in all the sites with the
exception of iron were found to have exceeded the background or pre-industrial reference
value(s) provided by some world regulatory bodies. The high values recorded could be attributed
to anthropogenic activities like indiscriminate discharge of heavy metal containing wastes
generated from various auto-mechanic practices. Correlation analyses revealed that these heavy
metals had strong correlation with each other and with some of the physicochemical properties of
the soil. Some of them showed a high approximation to perfect correlation indicating a strong
linear relationship between the measured variables. Different useful pollution indices models
used for the assessment showed that soil samples from investigated mechanic villages has

various degrees of pollution.

5.2 Recommendations

Based on the findings of this research work, it is therefore suggested that systematic
investigation should be conducted so as to determine the rate of heavy metal loading as well as
changes in the quality of soil in and around these automobile repair sites. Indiscriminate
discharge of heavy metal containing wastes generated from auto mechanic repairs on soil in
particular and environment at large should be totally stopped. Better still, these wastes should be
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collected, recycled and properly disposed in order to save our environment from harmful
pollutants. Also, adequate sensitization on the damages of indiscriminate discharge of waste in
the environment should be made by relevant authorities and a more environment friendly

automobile mechanic village concept and proper waste management encouraged.

5.4 Contribution of the Research Work to Knowledge

» This research work provided four different useful tools [single and integrated] for
calculating pollution indices. This model can be used in assessing the environmental

impact of heavy metal contamination in soil and sediments and water (Hu et al., 2014).

» The study also gave a holistic method of analyses for environmental impact assessment
of heavy metal contamination in soil. This could be adopted by relevant authorities to
checkmate the level of heavy metal contamination caused by anthropogenic activities and

the ecological risk associated with it.
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the three investigated Mechanic Villages in Abuja.
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Table 9 Levels of Fe (mg/Kg) in different sub—layers of the soils in three major Mechanic Villages in

Abuja
SIN Depth of Site K (cm) Depth of Site Z (cm) Depth of Site A (cm)
0-5 6-10 11-15 0-5 6-10 11-15 0-5 6-10 11-15
S: 120.86 55.45 26.81 179.48 82.35 39.81 334.03 155.26 72.10
S, 190.49 87.40 42.26 196.79 90.29 43.66 253.73 116.41 56.28
Ss 154.36 70.82 34.24 115.80 53.14 25.69 251.62 115.45 55.82
S, 86.25 40.57 18.13 182.15 84.57 34.41 245.34 112.11 52.21
Ss 93.11 42.72 20.65 154.50 70.89 34.28 304.84 139.87 67.63
Range 86.25- 40.57- 18.13- 115.80- 53.14- 25.69- 24534- 112.11- 52.21-
190.49 87.40 42.26 196.79 90.29 43.66 334.03 155.26 72.10
X 128.92 59.39 28.41 165.74 76.24 35.57 277.91 127.82 60.80
SD 43.43 19.77 9.93 31.79 14.72 6.78 39.41 18.89 8.56
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Table 10 Levels of Zn (mg/Kg) in different sub—layers of the soil in the three major Mechanic Villages in
Abuja

SIN Depth of Site K (cm) Depth of Site Z (cm) Depth of Site A (cm)

0-5 6-10 11-15 0-5 6-10 11-15 0-5 6-10 11-15

S; 1707.06 783.24  378.71 243.74 113.83  52.07  4879.12 223.91 1082.42

S, 42798  196.36 9495 580.60 269.39 125.81 3146.18 1443.54 697.98

S; 1199.28 550.26  266.06 600.77 275.65 133.28 5010.26 2298.83 1111.51

S, 857.51  393.45 190.24 1017.63 466.91 225.76 503.97 23423  108.80

Ss 529.25 242.83  117.41 109759 503.60 243.50 2406.60 1104.20 533.90

Range 427.98- 196.36— 94.95- 243.74- 113.83- 52.07- 503.97- 223.91- 108.80—
1707.06 783.24 378.71 1097.59 503.60 243.50 5010.26 2298.83 1111.51

94422 43323 209.47 708.07 32588 156.08 3189.20 1060.90 706.92

Xl

SD 522.78 239.86  115.98 350.32 15981 78.66  1870.61 875.31 416.07
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Table 11 Levels of Cu (mg/Kg) in different sub—layers of the soil in the three major Mechanic Villages in

Abuja
SIN Depth of Site K (cm) Depth of Site Z (cm) Depth of Site A (cm)
0-5 6-10 11-15 0-5 6-10 11-15 0-5 6-10 11-15
S: 1870.86  858.39 415.05 418.17 187.28  80.55 1017.58 457.71 201.31
S, 242.10 111.08 53.71 218.84 95.82 36.33 13140.24  5991.11  2869.05
Ss 202.06 95.71 41.83 568.82 260.99 126.19 7633.85 3502.59  1693.56
S, 605.12 277.64 13424  219.38 96.07 36.45 130.54 59.89 28.96
Ss 192.31 83.65 30.44 129.17 59.27 35.79 961.16 441.00 213.23
Range 192.31- 83.65- 30.44- 129.17- 59.27- 35.79- 130.54- 59.89— 28.96—
1870.86 858.39 415.05 568.82 260.99 126.19 13140.24  5991.11  2869.05
X 622.49 285.29 135.05 310.88 139.89  63.06 4576.70 2090.50  1001.20
SD 718.55 329.94 161.75 178.82 82.57 40.18 5661.01 2584.52  1242.39
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Table 12 Levels of Ni (mg/Kg) in different sub—layers of the soil in the three major Mechanic Villages in
Abuja

SIN Depth of Site K (cm) Depth of Site Z (cm) Depth of Site A (cm)

0-5 6-10 11-15 0-5 6-10 11-15 05 6-10 11-15
S: 115.96 53.21 35.73 121.27 51.05 14.68 141.79 65.06 31.46
S, 239.91 90.90 38.79 93.18 35.46 19.56 126.26 57.93 28.01
Ss 65.63 30.11 14.56 75.50 34.64 16.75 249.43 104.86 48.11
S, 105.79 48.54 15.54 74.91 34.37 16.62 30.92 12.27 5.42
Ss 189.03 86.73 41.93 28.56 13.10 6.34 47.89 21.98 10.63

Range 65.63— 30.11- 14.56-  28.56- 13.10- 6.34- 30.92— 12.27- 5.42—
239.91 90.90 41.93 121.27 51.05 19.56 249.43 104.86 48.11

143.26 61.89 29.31 78.68 33.72 14.79 119.26 52.42 24.73

X

SD 70.02 20.09 13.21 3351 1351 5.03 87.18 37.01 17.13
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Table 13 Levels of Pb (mg/Kg) in different sub—layers of the soil in the three major Mechanic Villages in
Abuja.

SIN Depth of Site K (cm) Depth of Site Z (cm) Depth of Site A (cm)

0-5 6-10 11-15 0-5 6-10 11-15 0-5 6-10 11-15

S; 58.31 20.46 7.83 118.59  54.40 26.30 37.36 26.32 12.72

S, 125.83  52.98 22.98 34.69 15.91 7.69 212.23 97.38 47.08

Ss 187.90  86.21 41.68 148.39  68.08 32.92 59531 25396  117.63

Sy 11.34 3.28 1.08 263.64 12097  58.49 125.25  47.88 20.56

Ss 133.64 61.32 29.63 177.07  81.24 39.28 33.76 12.11 4.82

Range 11.34-  3.28- 1.08- 34.69-  1591-  7.69- 33.76-  12.11-  4.82-
187.90  86.21 41.68 263.64 12097  58.49 595.31 253.96 117.63

103.40  44.85 20.64 148.48  68.12 32.94 200.78  87.53 40.56

Xl

SD 69.04 33.06 16.40 83.55 38.34 18.54 232.43  98.49 45.92
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Table 14 Levels of Cr (mg/Kg) in different sub—layers of the soil in the three major mechanic villages in

Abuja
SIN Depth of Site K (cm) Depth of Site Z (cm) Depth of Site A (cm)
0-5 6-10 11-15 0-5 6-10 11-15 0-5 6-10 11-15
S 54198  248.68 120.24 493.73 22654  109.53 684.38 30491  127.31
S, 171.06 78.49 37.95 474.40 198.49 90.81 708.05 320.28 144.86
S3 431.91 198.17 95.82 696.28 285.71 137.81 113990 523.01 252.89
Sy 562.10 24790 134.70 374.61 171.88 83.11 494.15 212.14 107.41
Ss 649.03 283.20 14176 302.26 134.09 54.84 524.50 231.47 101.93
Range 171.06— 78.49- 37.95- 302.26— 134.09- 54.84- 49415 212.14- 101.93-
649.03 283.20 14176 696.28 285.71 137.81 1139.90 523.01 252.89
X 471.22 211,29 106.09 468.26 203.34 95.22 710.20 318.36 146.88
SD 184.75 80.18 41.95 149.17 57.30 30.88 258.10 123.39 61.65
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Table 15 Levels of Cd (mg/Kg) in different sub—layers of the soil in the three major mechanic villages in
Abuja

SIN Depth of Site K (cm) Depth of Site Z (cm) Depth of Site A (cm)

0-5 6-10 11-15 0-5 6-10 11-15 0-5 6-10 11-15
S: 0.73 0.33 0.16 7.09 2.29 0.85 8.46 3.42 1.15
S, 6.09 2.79 1.35 7.41 3.40 1.64 6.82 3.13 151
Ss 9.06 4.66 151 5.63 2.58 1.17 6.28 2.88 0.89
S, 8.60 3.96 1.91 5.26 2.41 1.17 7.17 3.29 1.59
Ss 11.42 5.24 2.53 6.59 3.03 1.46 5.32 2.44 1.18
Range 0.73- 0.33- 0.16- 526- 229- 085~ 532- 244~ 0.89-

11.42 5.24 2.53 741 3.40 1.64 8.46 3.42 1.59

7.18 3.39 1.49 6.39 2.74 1.26 6.81 3.03 1.26

X

SD 4.07 1.94 0.87 0.93 0.46 0.3 1.16 0.39 0.29
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