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ABSTRACT

This study was conducted in the Greenhouse of the Department of Soil Science and Land Management,
Faculty of Agriculture, University of Benin, Benin City, to determine the heavy metal concentration of
Celosia argentae raised on soils from dumpsites in Benin City, Edo State. Soil samples were collected
from dumpsites from three different land uses around Ugbowo Campus of University of Benin City. The
soils from the dumpsites were filled into plastic buckets and used to raise Celosia argentae. The
experiment was laid out in a Completely Randomized Design (CRD) with three treatments and replicated
three times. Soil and plant sample were collected and taken to the laboratory for analysis and standard
procedures were used to analyze the samples. Data obtained were subjected to analysis of variance
(ANOVA) and Duncan’s New Multiple Range Test was used to separate the means at 5% level of

significance.

The parameters measured include: pH, Total organic carbon, Total nitrogen, Available phosphorus, Sand,
Silt, Clay, Boron, Chlorine, Copper, Iron, Manganese, Molybdenum, Zinc, Lead, Chromium and
Cadmium for the dumpsite soils, while the micro nutrients (Boron, Chlorine, Copper, Iron, Manganese,
Molybdenum, Zinc) and heavy metals (Lead, Chromium and Cadmium) for the plant samples. The results
show that the pH of the soils from the dumpsites were moderately acidic (5.66 — 5.92). The soils belong
to the textural class: sand. The total organic carbon ranged from high (16.73 g/kg) in the dumpsites from
residential area to very high (21.53 g/kg and 29.50 g/kg) in the dumpsites restaurant and learning center
respectively. The total nitrogen range from 0.927 g/kg in the dumpsite of residential area to 1.333 g/kg in
the dumpsite from learning center. The micro nutrients (Boron, Chlorine, Copper, Iron, Manganese,
Molybdenum, Zinc) and heavy metals Lead, Chromium and Cadmium) contents of the soils from the
dumpsites and plant samples were generally low and below the permissible range and does not pose any

toxicity threat.
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CHAPTER ONE

1.0 INTRODUCTION

The environment is the surroundings where humans, plants, animals and micro-organisms live or
work. It is composed of the land, the earth’s atmosphere and the water. The earth’s system is
defined by the four sphere, the biosphere (living organism), the atmosphere (air) the lithosphere
(land) and the hydrosphere (water), which work in harmony together. Environmental
contaminants, as well as pollutants, are chemical that are present at higher levels than the
permissible level in any section of the environment (Ibrahim et al., 2017). The pollution of the
environment with heavy metals has become a worldwide problem and of scientific concern
because the metals are indestructible and most of them have toxic effects on plants and animals
(Oronsaye et al., 2010).

Celosia (Celosia argentea L.) belongs to the pigweed family ‘Amaranthaceae’. It is an important
leaf vegetable of the South-South Nigeria, which is well known for its succulent leaves rich in
protein, vitamins and minerals (Akanbi et al., 2017). Its leaves (which slightly mucilaginous) and
young shoots are useful in soup and stew preparations which are served with carbohydrate foods
such as yam and yam flour, rice e.t.c. More so, celosia leaves can be dried and preserved against
dry season (Aruna, 2009; Ibrahim et al, 2017). Its uses beyond dietary extend to medicinal
purposes and treatment of ailments such as abscesses, cough, diabetes, diarrhea, dysentery,
eczema, eye problems, gonorrhea, infected sores, liver ailments, menstruation problems, muscle

troubles, skin eruptions, snakebites and wounds (Schippers, 2010; Olubunmi et al., 2018).

In Nigeria particularly Benin City, cultivation and collection of waste from dumpsites as soil

amendment is on the increase due to the need for urban gardeners to obtain maximum yield
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from marginal lands (Taiwo et al, 2013). Vegetables obtained from dumpsites and those
grown in urban and peri-urban gardens in Benin City contained high levels of heavy
metals (Pb and Cd) (Ogunyemi e al., 2013). However, plants can absorb heavy metals and store
in leaves and other edible parts. These metals are then transferred through food consumption to
humans and animals. For humans, a high intake of heavy metals can damage organs and increase
the risk of cancer (Jan et al., 2010). Metal accumulation in vegetables taken from dumpsite
varies significantly from one element to the other (Olufunmilayo et al., 2014). Moreover,
heavy metals have received the attention of researchers all over the world, mainly due to their
harmful effects on plants and other living organisms (Tahar and Keltoum, 2011) but not much
has been said about heavy metal content of vegetable raised in Benin City.

1.2  Aim and Objectives

This study therefore seeks to evaluate heavy metals concentration of Celosia (Celosia argentae)

raised on dump site soils in Benin City.

Specific objectives are;

1. Evaluate the chemical and physical properties of the soils from the dumpsite in Benin
City and
2. Determine the level of heavy metals content of Celosia argentae raised from dumpsite

soils in Benin City
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CHAPTER TWO
2.0 LITERATURE REVIEW
2.1 Pollution
Pollution is the introduction of contaminants into the natural environment that cause adverse
change (Merriam-Webster, 2010). Pollution can take the form of any substance (solid, liquid, or
gas) or energy (such as radioactivity, heat, sound, or light). Pollutants, the components of
pollution, can be either foreign substances/energies or naturally occurring contaminants (Dickie,

2022).

Pollution is often classed as point source (coming from a highly concentrated specific site, such
as a factory or mine) or nonpoint source pollution (coming from a widespread distributed sources,

such as microplastics or agricultural runoff) (Trejos, et al., 2021).

Many sources of pollution were unregulated parts of industrialization during the 19th and 20th
centuries until the emergence of environmental regulation and pollution policy in the later half of
the 20th century. Sites where historically polluting industries released persistent pollutants may
have legacy pollution long after the source of the pollution is stopped. Major forms of pollution
include air pollution, light pollution, litter, noise pollution, plastic pollution, soil contamination,
radioactive contamination, thermal pollution, visual pollution, and water pollution (Persson ef al.,

2022).

Pollution has widespread consequences on human and environmental health, having systematic
impact on social and economic systems. In 2017, pollution killed nine million people worldwide
(one in six deaths), a number unchanged since 2015 (Beil, 2017). Air pollution accounted for 34

of these earlier deaths (Carrington, 2017). A 2022 literature review found that levels of
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anthropogenic chemical pollution have exceeded planetary boundaries and now threaten entire
ecosystems around the world (Carrington, 2017). Pollutants frequently have outsized impacts on
vulnerable populations, such as children and the elderly, and marginalized communities, because
polluting industries and toxic waste sites tend to be collocated with populations with less
economic and political power (Fuller et al., 2022). This outsized impact is a core reason for the
formation of the environmental justice movement (Persson, 2022) and continues to be a core

element of environmental conflicts, particularly in the Global South.

Because of the impacts of these chemicals, local, country and international policy have
increasingly sought to regulate pollutants, resulting in increasing air and water quality standards,
alongside regulation of specific waste streams. Regional and national policy is typically
supervised by environmental agencies or ministries, while international efforts are coordinated
by the UN Environmental Program and other treaty bodies. Pollution mitigation is an important

part of all of the Sustainable Development Goals (Carrington, 2017).

2.2 Environmental pollution

Environmental pollution is one of the major challenges in the modern human society (Ali and
Khan, 2017). Environmental contamination and pollution by heavy metals is a threat to the
environment and is of serious concern (Ali et al., 2013; Hashem et al, 2017). Environmental
pollution caused by heavy metals is increasing along with the increase in the usage of chemicals
in industry and agriculture. Such pollution is apparent in streams and lakes and in ground water,
which is replenished directly from surface water (Huget et al., 2009).

Environmental pollution has become a major concern of developing countries in the last few
decades. There is a growing sense of global urgency regarding the pollution of our environment

by an array of chemicals used in various activities (Palaniappan et al., 2009). Pollution of water
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and soils by heavy metals is an emerging problem in industrialized countries. Since the advent of
development through mining and smelting, metallurgical industries, sewage, warfare, and
tanning the survival of plants and animals are much affected (Xi et al., 2009).

Soil, water and biodiversity are fundamental elements of ecosystem and are the subject of many
agrarian, ecological, biological and hydrological studies. A high percentage of ecosystems
consist of arable land which is treated with agrochemical products forms the upper layer of the
soil. Large quantities of chemical elements infiltrate the water running off of the cultivated soils
thereby entering the animal and human food chain (Noltan et al., 2005).

The quality of life on earth is inextractably linked to overall quality in the environment.
Currently there are two fundamental pollution related problems, the disposal of large quantities
of wastes that are continually being produced and the removal of toxic compounds that have
been accumulating at dump sites in the soils and in water system over the last few decades (Hsua
et al., 2000).

Rapid industrialization and urbanization have caused contamination of the environment by heavy
metals, and their rates of mobilization and transport in the environment have greatly accelerated
since 1940s (Khan et al., 2004; Ali et al, 2019). Their natural sources in the environment
include weathering of metal-containing rocks and volcanic eruptions, while principal
anthropogenic sources include industrial emissions, mining, smelting, and agricultural activities
like application of pesticides and phosphate fertilizers. Combustion of fossil fuels also
contributes to the release of heavy metals such as cadmium (Cd) to the environment (Spiegel,
2002). Heavy metals are persistent in the environment, contaminate the food chains, and cause
different health problems due to their toxicity. Chronic exposure to heavy metals in the

environment is a real threat to living organisms (Wiwanitkit, 2009).
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23 Heavy Metals

Csuros and Csuros (2002), defined heavy metal is as “a metal with a density greater than 5 g/cm?
(i.e., specific gravity greater than 5).” According to Duffus (2002), “the term “heavy metals” is
often used as a group name for metals and semimetals that have been associated with
contamination and potential toxicity or ecotoxicity.” Heavy metals are generally referred to as
those metals which possess a specific density of more than 5 g/cm? and adversely affect the
environment and living organisms (Jarup, 2003). Very recently, we have proposed a broader
definition for the term, and heavy metals have been defined as “naturally occurring metals
having atomic number greater than 20 and an elemental density greater than 5 g/cm®” (Ali and
Khan, 2018).

A heavy metal is not toxic per se and it is only toxic when its concentration in the plant and
animal exceeds a certain threshold (“it is the dose that makes the effect”). Some elements, called
trace elements or micronutrients, have essential functions in plant and animal cells. This has been
shown for Co, Cu, Fe, Mn, Mo, Ni and Zn. Only when the internal concentration exceeds a
certain threshold that they demonstrate toxic effects, and then they are commonly termed “heavy
metals” (Klaus-J, 2010).

Heavy metals are significant environmental pollutants and their toxicity is a problem of
increasing significance for ecological, evolutionary, nutritional and environmental reasons
(Jaishankar et al., 2013).

Heavy metals are one of the important types of contaminants that can be found on the surface
and in the tissues of fresh vegetables. Heavy metals rank high amongst the major contaminants

of leafy vegetables (Mapanda et al., 2005). Zheijazkov and Neilson (2016) found that the
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concentrations of heavy metals in vegetables per unit dry matter generally follow the order:
leaves > fresh fruits > seeds.

The prolonged human consumption of unsafe concentrations of heavy metals in foodstuffs may
lead to the disruption of numerous biological and biochemical processes in the human body.
Vegetables, especially leafy vegetables grown in heavy metal-contaminated soils, accumulate
higher amounts of metals than do those grown in uncontaminated soils (Al Jassir et al., 2005).
24 Sources of Heavy Metals in the Environment.

Sources of heavy metals in the environment can be both natural/geogenic/lithogenic and
anthropogenic. Some natural or geological sources of heavy metals in the environment include
weathering of metal-bearing rocks and volcanic eruptions. The global trends of industrialization
and urbanization on Earth have led to an increase in the anthropogenic share of heavy metals in
the environment (Nagajyoti et al., 2010).

The anthropogenic sources of heavy metals in the environment include mining, industrial and
agricultural activities. These metals (heavy metals) are released during mining and extraction of
different elements from their respective ores. Heavy metals released to the atmosphere during
mining, smelting, and other industrial processes return to the land through dry and wet deposition
(Beychok, 2019). Discharge of wastewaters such as industrial effluents and domestic sewage add
heavy metals to the environment. Application of chemical fertilizers and combustion of fossil
fuels also contribute to the anthropogenic input of heavy metals in the environment. Regarding
contents of heavy metals in commercial chemical fertilizers, phosphate fertilizers are particularly
important (Hassan, 2019). In general, phosphate fertilizers are produced from phosphate rock
(PR) by acidulation. In the acidulation of single superphosphate (SSP), sulfuric acid is used,

while in acidulation of triple superphosphate (TSP), phosphoric acid is used (Ali and Khan,
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2019). The final product contains all of the heavy metals present as constituents in the phosphate
rock (Nica ef al 2012). Commercial inorganic fertilizers, particularly phosphate fertilizers, can
potentially contribute to the global transport of heavy metals (Orisakwe et al., 2012). Heavy
metals added to agricultural soils through inorganic fertilizers may leach into groundwater and
contaminate it (Mahmood and Malik, 2014) . Phosphate fertilizers are particularly rich in toxic
heavy metals. The two main pathways for transfer of toxic heavy metals from phosphate
fertilizers to the human body are shown below (Liang, et al., 2016)

(1) Phosphate rock—fertilizer—soil— plant—food—human body

(i1) Phosphate rock—fertilizer—water—human body

Combustion of fossil fuels in industries, homes, and transportation is an anthropogenic source of
heavy metals. Vehicle traffic is among the major anthropogenic sources of heavy metals such as
Cr, Zn, Cd, and Pb (Wang, 2017). Higher concentrations of environmentally important heavy
metals have been reported in soils and plants along roads in urban and metropolitan areas.
Regarding anthropogenic sources of heavy metals, emissions from coal combustion and other
combustion processes are very important (Miedico et al., 2016). During coal combustion, Cd,
Pb, and As are partially volatile, while Hg is fully volatile. The anthropogenic sources of Cr
include electroplating industries, leather tanneries, textile industries, and steel industries (Ali et
al., 2017). Globally, about 50,000 t/year of Cr may be emitted from coal combustion, wood
burning, and refuse incineration (Ali and Khan, 2018). Fertilizers also usually contain significant
contents of Cr (Ali et al., 2017). Globally, about 60,000 t/year of Ni may be generated from coal
combustion; its greater portion remains in the ash (Ali and Khan, 2018). The natural sources of
Cd in the environment are volcanic action and weathering of rocks, whereas an anthropogenic

source is nonferrous metal mining, especially processing of Pb-Zn ores. Globally, about 7,000
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t/'year of Cd may be emitted from coal combustion, and sewage sludge incineration is also a
source of Cd (Ali and Khan, 2018). Anthropogenic increases in Cd concentrations are also
caused by excessive application of chemical fertilizers (Ali et al., 2017). P-containing fertilizers
contain Cd as a contaminant at concentrations ranging from trace quantities to 300 ppm on dry
weight basis and hence may be a main source of input of this metal to agricultural systems
(Kishor et al., 2021). Pb is released to the environment from different sources including acid
batteries, old plumbing systems, and lead shots used for hunting of game birds. Combustion of
leaded gasoline is also a source of Pb in the environment. Although use of the tetraethyl lead as
an antiknock agent in gasoline has been banned, it is still used in some developing regions of the
world (Kishor et al., 2021).

2.5  Heavy Metals Contamination of Soils

The heavy metals essentially become contaminants in the soil environments, because:

Their rates of generation via man-made cycles are more rapid relative to natural ones;

They become transferred from mines to random environmental locations where higher

potentials of direct exposure occur;

The concentrations of the metals in discarded products are relatively high compared to

those in the receiving environment; and

The chemical form (species) in which a metal is found in the receiving environmental
system may render it more bioavailable (D“Amore et al., 2005).
A simple mass balance of the heavy metals in the soil can be expressed as follows:

Mtotal = (Mp + Ma + Mf + Mag + Mow + Mip) — (Mcr + Ml)
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where, “M” is the heavy metal, “p” is the parent material, “a” is the atmospheric deposition, “f”
is the fertilizer sources, “ag” are the agrochemical sources, “ow” are the organic waste sources,

‘Gl?’

“ip” are other inorganic pollutants, “cr” is crop removal, and is the losses by leaching,
volatilization, and so forth (Alloway, 1995; Lombi et al., 2002).

2.6 Sources of Heavy Metal Contamination of Soils

2.6.1 Fertilizer

Agriculture was the first major human influence on the soil (Scragg, 2006). To grow and
complete the lifecycle, plants must acquire not only macronutrients (N, P, K, S, Ca, and Mg), but
also essential micronutrients. Some soils are deficient in the heavy metals (such as Co, Cu, Fe,
Mn, Mo, Ni, and Zn) that are essential for healthy plant growth, and crops may be supplied with
these as an addition to the soil or as a foliar spray. Cereal crops grown on Cu deficient soils are
occasionally treated with Cu as an addition to the soil, and Mn may similarly be supplied to
cereal and root crops (Jones and Jarvis, 2015).

Large quantities of fertilizers are regularly added to soils in intensive farming systems to provide
adequate N, P, and K for crop growth. The compounds used to supply these elements contain
trace amounts of heavy metals (e.g., Cd and Pb) as impurities, which, after continued fertilizer,
application may significantly increase their content in the soil (Jones and Jarvis, 2015). Metals,
such as Cd and Pb, have no known physiological activity. Application of certain phosphatic
fertilizers inadvertently adds Cd and other potentially toxic elements to the soil, including Hg,
and Pb (Jones and Jarvis, 2015).

2.6.2 Pesticides

Several common pesticides used fairly extensively in agriculture and horticulture in the past

contained substantial concentrations of metals. For instance in the recent past, about 10% of the
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chemicals have approved for use as insecticides and fungicides in UK were based on compounds
which contain Cu, Hg, Mn, Pb, or Zn. Examples of such pesticides are copper-containing
fungicidal sprays such as Bordeaux mixture (copper sulphate) and copper oxychloride (Jones and
Jarvis, 2015).

Such contamination has the potential to cause problems, particularly if sites are redeveloped for
other agricultural or non-agricultural purposes. Compared with fertilizers, the use of such
materials has been more localized, being restricted to particular sites or crops (McLaughlin et al.,
2000).

2.6.3 Biosolids and Manures

The application of numerous biosolids (e.g. livestock manures, composts, and municipal sewage
sludge) to land inadvertently leads to the accumulation of heavy metals such as As, Cd, Cr, Cu,
Pb, Hg, Ni, Se, Mo, Zn, TI, Sb, and so forth, in the soil (Basta et al., 2005). Certain animal
wastes such as poultry, cattle, and pig manures produced in agriculture are commonly applied to
crops and pastures either as solids or slurries (Sumner, 2000). Although most manures are seen
as valuable fertilizers, in the pig and poultry industry, the Cu and Zn added to diets as growth
promoters and As contained in poultry health products may also have the potential to cause metal
contamination of the soil (Sumner, 2000).

The manures produced from animals on such diets contain high concentrations of As, Cu, and Zn
and, if repeatedly applied to restricted areas of land, can cause considerable build-up of these
metals in the soil in the long run (Sumner, 2000).

Biosolids (sewage sludge) are primarily organic solid products, produced by wastewater
treatment processes that can be beneficially recycled (USEPA, 2014). Land application of

biosolids materials is a common practice in many countries that allow the reuse of biosolids
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produced by urban populations (Weggler, 2004). The term sewage sludge is used in many
references because of its wide recognition and its regulatory definition.

However, the term biosolids is becoming more common as a replacement for sewage sludge
because it is thought to reflect more accurately the beneficial characteristics inherent to sewage
sludge (Silveira, 2003). It is estimated that in the United States, more than half of approximately
5.6 million dry tonnes of sewage sludge used or disposed off annually is land applied, and
agricultural utilization of biosolids occurs in every region of the country (Sumner, 2000). In the
European community, over 30% of the sewage sludge is used as fertilizer in agriculture (Silveira,
2003). In Australia over 175000 tonnes of dry biosolids are produced each year by the major
metropolitan authorities, and currently most biosolids applied to agricultural land are used in
arable cropping situations where they can be incorporated into the soil (McLaughlin et al., 2000).
Heavy metals most commonly found in biosolids are Pb, Ni, Cd, Cr, Cu, and Zn, and the metal
concentrations are governed by the nature and the intensity of the industrial activity, as well as
the type of process employed during the biosolids treatment (Mattigod and Page, 2020). Under
certain conditions, metals added to soils in applications of biosolids can be leached downwards
through the soil profile and can have the potential to contaminate groundwater (McLaren et al.,
2014).

2.6.4 Wastewater

The application of municipal and industrial wastewater and related effluents to land dates back
400 years and now is a common practice in many parts of the world (Reed ef al., 1995).
Worldwide, it is estimated that 20 million hectares of arable land are irrigated with waste water.
In several Asian and African cities, studies suggest that agriculture based on wastewater

irrigation accounts for 50% of the vegetable supply to urban areas (Bjuhr, 2007).
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Farmers generally are not bothered about environmental benefits or hazards and are primarily
interested in maximizing their yields and profits. Although the metal concentrations in
wastewater effluents are usually relatively low, long-term irrigation of land with such can
eventually result in heavy metal accumulation in the soil (Bjuhr, 2017).

2.6.5 Metal Mining and Milling Processes and Industrial Wastes

Mining and milling of metal ores coupled with industries have bequeathed many countries, the
legacy of wide distribution of metal contaminants in soil. During mining, tailings (heavier and
larger particles settled at the bottom of the flotation cell during mining) are directly discharged
into natural depressions, including onsite wetlands resulting in elevated concentrations
(DeVolder et al., 2016). Extensive Pb and Zn ore mining and smelting have resulted in
contamination of soil that poses risk to human and ecological health. Many reclamation methods
used for these sites are lengthy and expensive and may not restore soil productivity. Soil heavy
metal environmental risk to humans is related to bioavailability. Assimilation pathways include
the ingestion of plant material grown in (food chain), or the direct ingestion (oral bioavailability)
of, contaminated soil (Basta and Gradwohl, 2018).

Other materials are generated by a variety of industries such as textile, tanning, petrochemicals
from accidental oil spills or utilization of petroleum-based products, pesticides, and
pharmaceutical facilities and are highly variable in composition. Although some are disposed of
on land, few have benefits to agriculture or forestry (DeVolder et al., 2016). In addition, many
are potentially hazardous because of their contents of heavy metals (Cr, Pb, and Zn) or toxic
organic compounds and are seldom, if ever, applied to land. Others are very low in plant

nutrients or have no soil conditioning properties (Sumner, 2000).
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2.6.6 Air-Borne Sources

Airborne sources of metals include stack or duct emissions of air, gas, or vapour streams, and
fugitive emissions such as dust from storage areas or waste piles. Metals from airborne sources
are generally released as particles contained in the gas stream. Some metals such as As, Cd, and
Pb can also volatilize during high-temperature processing. These metals will convert to oxides
and condense as fine particles unless a reducing atmosphere is maintained (Smith ez al., 2015).
2.7  Heavy Metal Contamination of Celosia argeutae

Celosia as a vegetable is an important part of a human beings diet because they are a source of
nutrients. Celosia constitute important functional food components by contributing protein,
vitamins, iron, calcium and other nutrients which have marked health effects (Arai, 2002). There
is an inherent tendency of plants to take up toxic substances including heavy metals that are
subsequently transferred along the food chain (Singh ef al., 2010). And as such, heavy metal
contamination in Celosia cannot be underestimated as food stuffs are important components of
human diet. Heavy metal contamination of the food items is one of the most important aspects of
food quality assurance (Khan ez al., 2008).

Contamination of foods by heavy metals has become a challenge for producers and consumers.
The main sources of heavy metals to vegetable crops are their growth media (soil, air, nutrient
solutions) from which these heavy metals are taken up by the roots or foliage (Lokeshwari and
Chandrappa, 2006). The toxic and detrimental impacts of heavy metals become apparent only
when long-term consumption of contaminated vegetables occurs. Regular monitoring of heavy
metals in Celosia and other food items should be performed in order to prevent excessive build-

up of these heavy metals in the human food chain (Khanna and Khanna, 2011).
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Celosia can take up and accumulate heavy metals in quantities high enough to cause clinical
problems to humans (Alam et al., 2003). Daily metal intake estimate does not take into account
the possible metabolic ejection of the metals but can easily tell the possible ingestion rate of a
particular metal. Leafy vegetables grown on heavy metal contaminated soils accumulate higher
amounts of metals than those grown in uncontaminated soils because of the fact that they absorb
these metals through their roots (Sharma et al., 2007; Marshall et al., 2007). Heavy metals are
persistent in the environment and are subject to bioaccumulation in food-chains. They are easily
accumulated in the edible parts of leafy vegetables, as compared to grain or fruit crops (Mapanda

et al., 2005). Some of the heavy metals found in Celosia are;

Lead (Pb)

Lead is a toxic element that can be harmful to plants, although plants usually show ability to
accumulate large amounts of lead without visible changes in their appearance or yield. Lead is a
well-known neurotoxin. Impairment of neurodevelopment in children is the most critical effect
(ATSDR, 2007). Exposure in uterus, during breastfeeding and in early childhood may all be
responsible for the effects. Lead accumulates in the skeleton and its mobilization from bones
during pregnancy and lactation causes exposure to fetuses and breastfed infants (ATSDR, 2007).
In many plants, lead accumulation can exceed several hundred times the threshold of maximum
level permissible for human (Wierzbicka, 2015). It has been suggested that lead on a cellular and
molecular level may permit or enhance carcinogenic events involved in DNA damage, DNA
repair, and regulation of tumour suppressor and promoter genes (Silbergeld, 2003).

Plants grown in lead-contaminated soils accumulate low levels of lead in the edible portions of

the plant from adherence of dusts and translocation into the tissues (Silbergeld, 2003).
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Cadmium (Cd)

Cadmium is one of the big three heavy metal poisons and is not known for any essential
biological function. In its compounds, Cd occurs as the divalent Cd (II) ion. Cadmium is directly
below Zn in the periodic table and has a chemical similarity to that of Zn, an essential
micronutrient for plants and animals. This may account in part for Cd’s toxicity; because Zn
being an essential trace element, its substitution by Cd may cause the malfunctioning of
metabolic processes (Campbell, 2006).

Cadmium is also present as an impurity in several products, including phosphate fertilizers,
detergents and refined petroleum products. In addition, acid rain and the resulting acidification of
soils and surface waters have increased the geochemical mobility of Cd, and as a result its
surface-water concentrations tend to increase as lake water pH decreases (Campbell, 2006).
Cadmium is produced as an inevitable by-product of Zn and occasionally lead refining. The
application of agricultural inputs such as fertilizers, pesticides, and biosolids (sewage sludge),
the disposal of industrial wastes or the deposition of atmospheric contaminants increases the total
concentration of Cd in soils, and the bioavailability of this Cd determines whether plant Cd
uptake occurs to a significant degree. Cadmium is very biopersistent, but has few toxicological
properties and, once absorbed by an organism, remains resident for many years (Weggler ef al.,
2004).

Since the 1970s, there has been sustained interest in possible exposure of humans to Cd through
their food chain, for example, through the consumption of certain species of shellfish or

vegetables. Concern regarding this latter route (agricultural crops) led to research on the possible
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consequences of applying sewage sludge (Cd-rich biosolids) to soils used for crops meant for
human consumption, or of using cadmium-enriched phosphate fertilizer (Campbell, 2006).
Cadmium in the body is known to affect several enzymes. It is believed that the renal damage
that results in proteinuria is the result of Cd adversely affecting enzymes responsible for
reabsorption of proteins in kidney tubules. Cadmium also reduces the activity of delta-
aminolevulinic acid synthetase, arylsulfatase, alcohol dehydrogenase, and lipoamide
dehydrogenase, whereas it enhances the activity of deltaaminolevulinic acid dehydratase,
pyruvate dehydrogenase, and pyruvate decarboxylase (Manahan, 2003). The most spectacular
and publicized occurrence of cadmium poisoning resulted from dietary intake of cadmium by
people in the Jintsu River Valley, near Fuchu, Japan. The victims were afflicted by itai itai
disease, which means ouch, ouch in Japanese. The symptoms are the result of painful
osteomalacia (bone disease) combined with kidney malfunction. Cadmium poisoning in the
Jintsu River Valley was attributed to irrigated rice contaminated from an upstream mine
producing Pb, Zn, and Cd. The major threat to human health is chronic accumulation in the
kidneys leading to kidney dysfunction. Food intake and tobacco smoking are the main routes by
which Cd enters the body (Manahan, 2003).

Chromium (Cr)

Chromium (Cr) is one of the less common elements and does not occur naturally in elemental
form, but only in compounds. Chromium is mined as a primary ore product in the form of the
mineral chromite, FeCr204. Major sources of Chromium contamination include releases from
electroplating processes and the disposal of Cr containing wastes (Smith et al., 2015).

Chromium (VI) is the form of Cr commonly found at contaminated sites. Chromium (VI) can be

reduced to Cr (III) by soil organic matter, S* and Fe?" ions under anaerobic conditions often
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encountered in deeper groundwater. Major Cr (VI) species include chromate (CrOs) Land
dichromate (Cr;0). Chromate and dichromate also adsorb on soil surfaces, especially iron and
aluminum oxides (Smith et al., 2015).

Chromium mobility depends on sorption characteristics of the soil, including clay content, iron
oxide content, and the amount of organic matter present. Chromium can be transported by
surface runoff to surface waters in its soluble or precipitated form. Soluble and un-adsorbed
chromium complexes can leach from soil into groundwater. Chromium is associated with
allergic dermatitis in humans (Scragg, 20006).

Arsenic (As)

Arsenic occurs in many minerals, usually in combination with sulfur and metals, but also as a
pure elemental crystal. Arsenic is a metalloid. It has various allotropes, but only the grey form,
which has a metallic appearance, is important to industry. Arsenic is a common n-type dopant in
semiconductor electronic devices. It is also a component of the III-V compound semiconductor
gallium arsenide. Arsenic and its compounds, especially the trioxide, are used in the production
of pesticides, treated wood products, herbicides, and insecticides. These applications are
declining with the increasing recognition of the toxicity of arsenic and its compounds (Tanaka,

2011).

A few species of bacteria are able to use arsenic compounds as respiratory metabolites. Trace
quantities of arsenic are an essential dietary element in rats, hamsters, goats, chickens, and
presumably other species. A role in human metabolism is not known (Tanaka, 2011). However,
arsenic poisoning occurs in multicellular life if quantities are larger than needed. Arsenic
contamination of groundwater is a problem that affects millions of people across the world.

Some species of bacteria obtain their energy in the absence of oxygen by oxidizing various fuels
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while reducing arsenate to arsenite. Under oxidative environmental conditions some bacteria use
arsenite as fuel, which they oxidize to arsenate (Gibaud and Jaouen, 2010). The enzymes

involved are known as arsenate reductases (Asr) (Peryea, 2008).

In 2008, bacteria were discovered that employ a version of photosynthesis in the absence of
oxygen with arsenites as electron donors, producing arsenates (just as ordinary photosynthesis
uses water as electron donor, producing molecular oxygen). Researchers conjecture that, over the
course of history, these photosynthesizing organisms produced the arsenates that allowed the
arsenate-reducing bacteria to thrive. One strain, PHS-1, has been isolated and is related to the
gammaproteobacterium Ectothiorhodospira shaposhnikovii. The mechanism is unknown, but an
encoded Asr enzyme may function in reverse to its known homologues (Gibaud and Jaouen,

2010).

In 2011, it was postulated that a strain of Halomonadaceae could be grown in the absence of
phosphorus if that element were substituted with arsenic, exploiting the fact that the arsenate and
phosphate anions are similar structurally. The study was widely criticised and subsequently
refuted by independent researcher groups. Naturally occurring sources of human exposure
include volcanic ash, weathering of minerals and ores, and mineralized groundwater. Arsenic is
also found in food, water, soil, and air. Arsenic is absorbed by all plants, but is more
concentrated in leafy vegetables, rice, apple and grape juice, and seafood. An additional route of
exposure is inhalation of atmospheric gases and dusts. During the Victorian era, arsenic was
widely used in home decor, especially wallpapers. A study by IIT Kharagpur (2012) found high
levels of Arsenic in groundwater of 20% of India's land, exposing more than 250 million people.
States such as Punjab, Bihar, West Bengal, Assam, Haryana, Uttar Pradesh, and Gujarat have

highest land area exposed to arsenic (Gibaud and Jaouen, 2010).

29



Copper (Cu)

Copper is an essential nutrient that is incorporated into a number of metalloenzymes involved in
haemoglobin formation, drug/xenobiotic metabolism, carbohydrate metabolism, catecholamine
biosynthesis, the crosslinking of collagen, elastin, and hair keratin, and the antioxidant defense
mechanism. Copper-dependent enzymes, such as cytochrome C oxidase, superoxide dismutase,
ferroxidases, monoamine oxidase, and dopamine [- monooxygenase, function to reduce
activated symptoms associated with copper deficiency in humans include normocytic,
hypochromic anaemia, leukopenia, and osteoporosis (ATSDR, 2004).

Although copper homeostasis plays an important role in the prevention of copper toxicity,
exposure to excessive levels of copper can result in a number of adverse health effects including
liver and kidney damage, anaemia, immunotoxicity, and developmental toxicity. Many of these
effects are consistent with oxidative damage to membranes or macromolecules. Copper can bind
to the sulthydryl groups of several enzymes, such as glucose-6- phosphatase and glutathione
reductase, thus interfering with their protection of cells from free radical damage (ATSDR,
2004).

Iron (Fe)

An elevated dietary iron intake enhances the incidence of carcinogen-induced mammary tumors
in rats and estrogen-induced kidney tumors in Syrian hamsters. Estrogen administration increases
iron accumulation in hamsters and facilitates iron uptake by cells in culture. In humans,
increased body stores of iron have been shown to increase the risk of several estrogen-induced
cancers (Michael et al., 2009).

Iron acts as a catalytic centre for a broad spectrum of metabolic functions. Iron is also a

component of various tissue enzymes, such as the cytochromes, that are critical for energy

30



production, and enzymes necessary for immune system functioning. The fact that serum copper
has been found to be low in some cases of iron deficiency anemia suggests that iron status has an
effect on copper metabolism (Michael ef al., 2009).

Iron deficiency includes symptoms such as reduced resistance to infection, reduced work
productivity, reduced physical fitness, weakness, fatigue, impaired cognitive function, and
reduced learning ability, increased distractibility, impaired reactivity and coordination, itching,

inability to regulate body temperature and eating pica (Beard, 2001)

2.8  Effect of heavy metals in soil

Metals can contaminate the general environment through many routes. Because of their stability,
they may penetrate environmental compartments, in some cases, many years after the initial
deposition pollution of the soil and water systems may also arise from the weathering of
disposed product (Nordberg et al., 2005). Heavy metal accumulations in plant and soil from
natural and artificial sources and subsequent consequences represent important environmental
pollution problems. Food safety issues and potential adverse health risks make this one of the
most serious environmental concerns (Cui et al., 2004).

Some heavy metals such as copper, zinc, manganese, cobalt and molybdenum act as
micronutrients for the growth of animals and human beings when present in trace quantities,
whereas others such as cadmium, arsenic and chromium acts as carcinogens (Trichopoulos et al.,
2019). Mercury and lead are associated with the development of abnormalities in children (Gibb
and Chen, 2002). Long term intake of cadmium causes renal, prostate and ovarian cancers
(Hartwig, 2008).

Generally, at the biochemical levels, the toxic effects caused by excess concentrations of heavy

metals include competition for sites with essential metabolites, replacement of essential ions,
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reactions with —SH groups, damage to cell membranes and reactions with the phosphates groups
(Okoronkwo et al., 2005).

Soil contamination by heavy metals is of the most important apprehension throughout the
industrialization world. Heavy metal pollution not only result in adverse effect of various
parameters relating to plant quality and yield but also cause changes in the size, composition and

activity of the microbial community (Singh and Kalamdhad,2011).

Heavy metals indirectly affect soil enzymatic activities by shifting the microbial community
which synthesize enzymes. Heavy metals exhibit toxic effect towards soil biota by affecting key
microbial ~ processes and decrease the number of activities of the soil microorganisms.
Conversely, long- term heavy metal effects can increase bacterial community tolerance as well
as the tolerance of fungi arbuscular mycorrhizal (AM) fungi, which can play an important role in
the restoration of contaminated ecosystem. Chen et al, (2002) suggested that heavy metals
caused a decrease in bacterial species richness and a relative increase in soil actinomycetes or

even decreases in both biomass and diversity of the bacterial communities in contaminated soils.

2.9  Effect of heavy metals on Plants

Some of these heavy metals i.e. As, Cd, Hg, Pb, or Se are not essential for plant growth, since
they do not perform any known physiological function in plants. Others i.e. Co, Cu, Fe, Mn, Ni
and Zn are essential elements required for normal growth and metabolism of plants, but these
elements can easily lead to poisoning when their concentration is greater than optimal values

(Jordao, 2006).

Uptake of heavy metals by plants and subsequent accumulation along the food chain is a

potential threat to animal and human health. The absorption by plant roots is one of the main
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routes of entrance of heavy metals in food chain (Mahmood and Malik, 2014). Absorption and
accumulation of heavy metals in plant tissue depend upon many factors which include
temperature, moisture, organic matter, pH and nutrient availability. The use of compost to
improve agricultural yield without caring with possible negative effects might be a problem
since the waste compost are most applied to improve soils used to grow vegetables. Considering
the edible parts of the plant in most vegetable species, the risk of transference of heavy metals

from soil to humans should be a matter of concern (Jordao, 2006).
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Description of the Experimental Location

This study was carried out at the Ugbowo campus of the University of Benin, Benin City in Edo
state, Nigeria. The area lies between latitude 6° 23' 37" to 6° 24' 26" North and Longitude 5° 36'
25" to 5° 38' 09" East. It is a segment of the coastal plain sand commonly referred to as the acid
sand of Nigeria. The natural climate is humid tropics. The natural vegetation is rainforest. The
soil in the area has been mapped as ultisols (Ogeh and Ukodo, 2012). Cloud cover is high
(above 89%) during the rainy season and 50-60% in the dry season. Mean annual temperature is

about 26.2 °C and ranges from an average minimum of 21.3 °C to an average maximum of 31.2

0C. (NIFOR, 2008).

3.2 Field Sampling and Sample Preparation

Soil samples were collected from three (3) different Dumpsites around the University of Benin,
Benin city, Edo State. One (1) each from dump sites located in Residential area, Learning center
and Restaurant. Soil samples were taken using a soil auger at identical soil depths (0-15 cm, 15-
30 cm). The soil samples were air dried at ambient temperature, crushed by hand in a porcelain
mortar and sieved through a 2 mm sieve in the laboratory. Air dried samples were stored in well
labeled well labeled polythene bags. The < 2 mm fraction was used for the determination of
selected physical and chemical properties as well as the determination of the heavy metal content

of the soil.
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33 Laboratory Analysis

3.3.1 Soil physical properties

Particle size analysis

The mechanical analysis was carried out on the soil samples by the Hydrometer method of
Bouyoucos. 50 g of the air-dried 2 mm sieved soil were placed into container of a high-speed
stirrer. This was followed by the addition of 50 ml of 20% calgon solution, 3 ml of N sodium
hydroxide and 200 ml of water. This was stirred for 3 hours. The content of the container was
then transferred to a 1-liter cylinder, diluted to mark and stirred. This was followed by inserting a
Bouyoucos soil hydrometer and taking the hydrometer and temperature reading after 40 seconds.
Another hydrometer and temperature readings were taken after 2 hours. Percentage sand was
calculated from the 40 seconds reading while clay content was obtained from the 2 hrs reading.
Percent silt was obtained by subtracting percent sand + clay from 100.

3.3.2 Soil chemical properties

Soil pH

Soil reaction was determined by the aid of a glass electrode pH meter using a soil/liquid ratio of
1:1. This was carried out by weighing 20 g of the 2 mm air dried sample into a 50 ml beaker and
adding 20 ml of de-ionized water, stirring the suspension intermittently for 30 mins and reading
off the pH value from a previously standardized pH meter.

Exchangeable bases

For Exchangeable cations, 5 g portions of finely ground representative samples were shaken in a
conical flask with 100 ml of neutral IN ammonium acetate for about 1 hour and filtered into
plastic cups. The filtrate was used for the determination of sodium (Na"), Potassium (K") by

flame photometry while Calcium (Ca?") and Magnesium (Mg""), were determined by atomic
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absorption spectroscopy. The concentrations of the cations were calculated after due note of the
dilution factors and expressed in centimols per kilogram soil.

Exchangeable Acidity

5 g of pre sieved, air dry soil was weighed into a 150 ml plastic bottle. 50 ml of M KCIl was
added and the solution was shaken for 1 hour. It was thereafter filtered and 3 drops of
phenolphthalein indicator were added to the filtrate. It was titrated against 0.05M NaOH until the
colourless solution turned pink.

Effective Cation Exchange Capacity (ECEC)

This was determined by the summation method (Ca +Mg +K + Na + Exchangeable Acidity) and
expressed in cmol/kg.

Soil organic carbon

1 g of finely ground representative sample was weighed in duplicate into each beaker followed
by the addition of 10 ml of IN K,Cr,Orand rotated gently to wet the soil sample completely.
This was followed by the addition of 20 ml of conc. H>SO4 using a graduated cylinder, taking a
few seconds only in the operation. The beaker was rotated again to effect complete oxidation and
allowed to stand for 30 minutes before dilution with distilled water to about 200-250 mL. 5 drops
of ferroin were added and the solution was titrated with 0.5N ferrous sulphate solution to wine
red end point. Percentage organic matter was calculated by multiplying the value for organic
carbon by the Van Bemmeler factor of 1.724.

Total nitrogen

For total Nitrogen, 1 g of a representative air dried soil was accurately weighed into Tecator
digestion tube and a catalyst mixture containing selenium, CuSO4 and Na,SOs4 was added

followed by 10 ml of concentrated sulphuric acid. The contents of the tube were mixed by gentle

36



shaking and then digested on a Tecator block until the digest became clear. Heating was
continued for another one hour before the digest was allowed to cool. The digest was then
transferred quantitatively with distilled water to a 100 ml volumetric flask and made up to mark
with distilled water. Aliquot of this was analyzed and the percentage Nitrogen content of the soil
was then calculated after taking into account, the different dilution factors.

Available phosphorus

Available phosphorus in the soil sample was determined by weighing 5 g of sample into an
extraction flask. This was followed by the addition of 35 ml of Bray P-1 extraction solution
(0.025N HCI and 0.03N NH4F and shaking immediately for 1 minute and filtered. 5 mL of the
filtrate was then measured into 100 ml volumetric flask and diluted to about 50 ml with distilled
water followed by 8 ml of Riley and Murphy (1962) Reagent B solution (1.056 g ascorbic acid in
200 ml molybdate — tartarate solution) and diluted to mark. This was allowed to wait for at least
30 minutes for full colour development before reading at 882 nm. Results obtained from
multiplying the OD by the total dilution and the Graph factor (OD X GF X DF) = mg P/kg.
Exchangeable Base (Ca, K and Mg) determination

Calcium and magnesium were determined volumetrically by the EDTA titration procedure
described by Black (1965).

10 g of air dried soil was weighed into shaking bottle. 70 ml of IN ammonium acetate solution of
pH 7 was added with 100 ml measuring cylinder to extract the exchangeable bases. The bottle
was covered tightly and shaken for 1 hour on reciprocal shaker thereafter, the soil suspension
was filtered through whatman No 42 filter paper into 100 ml volumetric flask and residue

washed into three 10 ml aliquots of IN ammonium acetate of pH 7 solutions.
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25 ml aliquot of the filtrate was withdrawn with pipette into 250 ml conical flask, 20 ml of
concentrated ammonia solution was added followed by 6 drops of eriochrome black T indicator,
the content of the flask was titrated with 0.01 ml of disodium salt of ethylene diamine tetraacetic
acid (EDTA) solution and the colour change was sky blue colour as end point. Potassium was
determined from the filtrate by flame photometry as described by Black (1965).

Exchangeable Acidity Determination

1 g soil sample was shaken with 100 ml IN KCL for 1 hour on a reciprocal shaker and thereafter
filtered through what man No 1 filter paper. 25 ml aliquot of the filtrate was pipetted into a 250
ml conical flask and titrated to a permanent pink end point using 0.01N NaOH and 4 drops of
phenolphthalein indicator. Results were expressed as cmolkg™!.

Calculation

Meq/100g= NxVx100
2.5

Where

N = Normality

V = Litre Volume

2.5 = Weight of soil in aliquot meq/100 = cmolkg™'.

Digestion of Soil Samples

The dumpsite soil samples were digested according to Ogunfowokan et a/ (2009). For each
sample, 1 g of the sample was digested in Teflon cup with 30 cm? aqua - regia (HCL: HNO, 3:1)
on a thermostat hot plate at 150 °C. After, about 2 hours of digestion, the Teflon cup with its
content was removed from the hot-plate to simmer. Then, 5 cm? of concentrated HF added and
heated further for 30 min. The Teflon cup with the content was allowed to cool down to room

temperature and filtered. After which the filtrate was quantitatively transferred into 50 cm?
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volumetric flask and made up to mark with distilled water. A blank determination was carried
out using the procedure described above without the sample. Then Cd, Cr, Cu, Ni and Pb
concentrations in the digest were determined using Atomic Absorption Spectrometer (Model -
PG 990) in triplicate.

Heavy metals (Aresenic, Chromium, Cadmium and Lead)

1 g of the soil samples was introduced into digesting tubes following the addition of 10 ml
concentrated HNO3. The samples were placed in the digester for 8 h at 96 °C with intermittent
stirring. Upon complete digestion, the samples were filtered into 100 ml volumetric flasks using
Whatman no. 42 filter paper. The samples were made up to the 100 ml mark in the volumetric
flask using distilled deionized water. The concentrations of heavy metals in the supernatant
solutions were determined using atomic absorption spectrophotometer (AAS). All samples were
analyzed in duplicates.

3.4  Data Analysis

GenStat 12" Edition was used to statistically analyze data obtained from the laboratory analysis

and means were separated using Duncan multiple range test at 5% level of probability.
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CHAPTER FOUR
RESULT AND DISCUSSION

4.1 Chemical properties of soils from the dumpsites

4.1.1 Soil pH

The result on Table 1 shows that the pH of the dumpsites were moderately acidic. The values
were 5.660, 5.707 and 5.917 in learning center, restaurant and residential area dumpsites
respectively. The 5.917 recorded in the dumpsites from residential area was significantly (p<0.05)
different from the others. The moderately acidity condition observed in these dumpsites could be
attributed to several factors, including the decomposition of organic matter and the release of
organic acids (Marschner, 2012). Furthermore, the variations in the pH values between learning
center and both restaurant and residential area dumpsites waste composition, or other local

factors that influence soil pH.

4.1.2 Total organic carbon (TOC)

As shown on Table 1, the total organic carbon (TOC) of the dumpsites ranged from high (16.73
g/kg) in the dumpsite from residential area to very high (21.53 g/kg and 29.50 g/kg) in restaurant
and learning center respectively. Though no significant (p<0.05) difference between the TOC in
the residential and restaurant dumpsites, but both were significantly (p<0.05) less than the 29.50
g/kg recorded in the learning center dumpsite. This finding is consistent with the work of Lal
(2004), who also observed high levels of TOC in dumpsite soils. The variations in T.O.C.
content may be attributed to differences in waste composition (Blume et al., 2002). Additionally,
microbial activity, which is influenced by factors such as temperature and moisture (Six et al.,

2002), can play a role in organic matter decomposition, contributing to these variations.
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4.1.3 Total Nitrogen

From Table 1, the total nitrogen content of the dumpsites ranged from low (0.927 g/kg) in
residential area to moderately low (1.080 g/kg and 1.33 g/kg) in the restaurant and learning
center respectively. The 1.333 g/kg recorded in learning dumpsites was significantly (p<0.05)
higher than 0.927 g/kg recorded in the dumpsites from residential area. The moderate N values
may be attributed to the influx of nutrients from the decomposition of organic waste materials

(McGrath et al., 2001) and volatilization (Eddy et al., 2006).

4.1.4 Available phosphorus

Available phosphorus (Table 1) was moderate in all the dump sites. The least value (13.07 mg/kg)
was recorded in residential area while the highest value (15.50 mg/kg) was recorded in learning
center. These shows that there was significant different between the dumpsites (learning center,
restaurant, and residential area). These values recorded in this study were lower than those
(17.54) reported by Iwegbue et al., (2006). The level of phosphate recorded in this study could
be attributed to some decayed plant sources and food substances found at the dumpsite around

the dump sites
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Table 1: Chemical properties of the soil sample from three dumpsites

pH T.0.C. T.N Av.P
Land use (g/kg) (g/kg) (mg/kg)
Learning center 5.660° 29.50? 1.3332 15.507
Restaurant 5.707° 21.53% 1.0802 14.60%
Residential area 59172 16.73° 0.927° 13.07°
SEM 0.0530 1.295 0.0649 0.593
SED 0.0749 1.839 0.0918 0.838
LSD 0.2079 5.083 0.2548 2.328
CV (%) 1.60 9.9 10.1 7.10

Means with same alphabets in the same column are not significantly different at p <0.05
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4.2 Gravimetric properties of soils from the dumpsites

The gravimetric prorperties of the dumpsite soils (Table 2) shows that the soils were dominated
by the sand fraction. The sand contents were 881.7 g/kg, 880.0 g/kg and 881.0 g/mg in the
learning centre, restaurant and residential dumpsites respectively. While the silt content varied
from 67.00 g/kg in the dumpsites from both learning centre and residential area to 68.67 g/kg in
the restaurant. The clay contents were 51.33 g/kg in the learning centre and restaurant while it
was 52.00 g/kg in the residential area. The soil from the dumpsites all belong to the textural class:

sand.

4.3  Micronutrient and heavy metal concentration of dumpsite soils

The result shows that Lead (Pb) content (Table 3) of the various dumpsites studied are: learning
center (0.827 mg/kg), restaurant (0.980 mg/kg) and Residential area (0.917 mg/kg). Dumpsites
of restaurant recorded the highest value. According to the rating of Singh and Steinnes, (2004)
the normal average of Pb in soil is given to be (3 mg/kg) and the toxicity range in soil is (100-
400 mg/kg). This value shows that Pb content on the dumpsites are below the normal soil range.
The result on Table 3 shows that Cr content across the dumpsites varies from 0.170 mg/kg in
learning center to 0.133 mg/kg in restaurant. According to Kabata-Pendias, (2011), the normal
range of Chromium in the soil sample is (0.006-18 mg/kg). This means that Cr contents fall
between the normal ranges, showing that there is no toxicity effect.

In table 3, Cadmium content of learning centers is (0.220 mg/kg), restaurant value is (0.197
mg/kg), residential area value is (0.200 mg/kg). This shows that Cd has no toxicity effect on the
various dumpsites as their contents are below the normal range in the soils. According to Kabata-

Pendias (2011), the normal range of Cd in soil is (0.2-0.8 mg/kg)
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Table 2:Gravimetric properties of soils from the dumpsites

Land use Sand Silt Clay Textural class
g/kg

Learning area 881.72 67.00° 51.33% Sand

Restaurant 880.0? 68.67? 51.33° Sand

Residential area 881.0? 67.00° 52.00% Sand

SEM 1.262 0.192 1.347

SED 1.785 0.272 1.905

LSD 4.955 0.756 52.89

CV (%) 0.2 0.5 45

Means with same alphabets in the same column are not significantly different at p <0.05
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Also table 3, shows that content of Iron in the dumpsites are: 107.7 mg/kg in learning center;
119.1 mg/kg in dumpsites of restaurant; 116.9 mg/kg in dumpsites of residential area. Kabata-
Pendias, (2011) reported that the normal soil range of Fe is (640-2486 mg/kg). This shows that
Iron content of the various dumpsites did not reach toxicity level of the various dumpsite.
Manganese content of Celosia in learning center was 14.90 mg/kg; restaurant was 14.03 mg/kg;
Residential area was 15.73 mg/kg. The normal Mn range content by soil is given to be (15-100
mg/kg) according to the rating of Brandy and Weil, (2008). The rating shows that Mn content of
Celosia from these various dumpsites were at normal range.

Copper content of the dumpsite soils (Table 3) has its highest content (33.60 mg/kg) in
residential while its least value (30.73 mg/kg) in learning centre. The normal range of Cu in soil
is given to be (0.4-45.8 mg/kg) according to the rating of Singh and Steinnes (2004). This shows

that there is no toxicity effect of copper on in the various dumpsites soils.

4.4  Heavy metal concentration of Celosia argentae shoot raised on dumpsite soils

The result shows that Lead (Pb) content of Celosia (Table 4) at the various dumpsites studied are:
learning center (0.136 mg/kg), restaurant (0.153 mg/kg) and residential area (0.200 mg/kg).
Dumpsites of residential area recorded the highest value. According to the rating of Kabata-
Pendias, (2011) the normal average of Pb in plants is given to be (4 mg/kg ) and the toxicity
range in plant is (40-246 mg/kg). This value shows that Pb content of Celosia cultivated on the
various dumpsites are below the normal plant range.

The result on Table 4, shows that Cr content across the dumpsites varies from 0.047 mg/kg in

learning center to 0.060 mg/kg in restaurant. According to Kabata-Pendias, (2011), the normal
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Table 3: Micronutrient and heavy metal concentration of dumpsites soils

Pb Cr Cd B Cl Cu Fe Mn Mo Zn
Land use > (mg/kg) P
Learning center 0.827? 0.170° 0.220° 2543+ 28.90*  30.73? 107.7° 14.90% 16.370  27.47a
Restaurant 0.980? 0.133° 0.197° 27.13*  30.80*  32.30° 119.12 14.03° 16.60*  25.10°
Residential 0917 0.160° 0.200° 28.20*  30.20*  33.60° 116.9* 15.732 18.87*  26.10%
SEM 0.0460 0.0051 0.0051 1.496 1.514 1.269 1.284 0.283 0.302 0.435
SED 0.0650 0.0072 0.0072 2.116 2.142 1.795 1.816 0.401 0.428 0.616
LSD 0.1806 0.0199 0.0199 5.874 5.946 4.984 5.042 1.113 1.188 1.708
CV (%) 8.80 4.3 5.7 9.60 8.80 6.80 1.90 3.30 3.20 2.90
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plant range uptake of Chromium is given to be (50-150 mg/kg). This means that Cr contents fall
between the normal ranges, showing that there is no toxicity effect.

In Table 4, Cadmium content of learning center is (0.080 mg/kg), restaurant value is (0.090
mg/kg), residential area value is (0.053 mg/kg). This shows that Cd has no toxicity effect on
Celosia cultivated on the various dumpsites as their contents are below the normal range in the
plants. According to Kabata-Pendias (2011), the normal range of Cd in plant is (3-30 mg/kg).
This shows that Cd has no toxicity effect on Celosia cultivated on the various dumpsites as their
contents are below the normal range in the plants.

Table 4 shows that Iron content of learning center is (56.40 mg/kg), restaurant value is (57.43
mg/kg), residential area value is (57.23 mg/kg). The result shows that there was no significant
(p<0.05) different between the dumpsites. Kabata-Pendias, (2011) reported that the normal plant
range of Fe is (20-100 mg/kg). This shows that Iron has no toxicity effect on Celosia plant
cultivated on the various dumpsites.

Copper content of Celosia planted on dumpsite soils (Table 4) has its highest content (21.33
mg/kg) in residential area while its least value (20.00 mg/kg) in restaurant. The normal range of
Cu in plant is given to be (10-20 mg/kg) according to the rating of Singh and Steinnes (2004).

This shows that there is no toxicity effect of copper in the various dumpsites soils.
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Table 4: Micronutrients and heavy metal content of Celosia argentae shoot raised on dumpsite soils

B Cl Cu Fe Mn Mo Zn Pb Cd Cr

Dump site » (mg/kg) *

Learning 19.20? 16.80? 21.002 56.402 88.672 9.74b 18.57¢ 0.136° 0.0802 0.0472
center
Restaurant 19.902 15.532 20.002 57.432 90.372 10.11° 20.67° 0.1532>  0.0902 0.0602

Residential 22.47¢  16.80°  21.33@  57.23*  89.80*  12.60° 21.90* 0.200*°  0.053* 0.037°
area

SEM 1.347 0.270 0.609 0.325 2.72 0.580 0.198 0.0149  0.0061 0.0073
SED 1.905 0.382 0.861 0.459 3.84 0.820 0.280 0.0211  0.0086 0.0104
LSD 5.289 1.062 2.389 1.275 10.67 2.278 0.778 0.0585 0.0239  0.0288
CV(%) 114 2.9 5.1 1.0 53 9.3 1.7 15.8 14.2 26.6
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CHAPTER FIVE

5.0 CONCLUSION

The pH of the soils from the dumpsites were moderately acidic, the total organic carbon was
very high, total nitrogen and available phosphorus were moderate. The micronutrients (Copper,
Chlorine, Boron, Iron, Manganese, Molybdenum, Zinc) and the heavy metals (Lead, Chromium,
and Cadmium) were low and below the permissible range in both soil from the dumpsites and the

Celosia argentae shoots cultivated on the dumpsites and as such, did not pose any toxicity threat.
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