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ABSTRACT

This experiment was conducted in the green house of the Department of Soil Science and Land
Management, Faculty of Agriculture, University of Benin, Benin City. The aim of the study was
to ascertain the heavy metal (Pb, Cd, Cr and As) contents of Amaranthus cruentus raised on soils
from dumpsites from different land uses in the University of Benin. The experiment was laid out
in a Completely Randomized Design (CRD) with three replicates. Six different dumpsites were
carefully selected in the Ugbowo campus of the University of Benin, three from learning centers
and the other three from residential areas (students hostel). Soils collected from the dumpsites
were filled into buckets and Amaranthus seeds were planted in them, and harvested at maturity.
Soil and plant samples were taken to the laboratory to determine the physicochemical
characteristics and heavy metal content present. Data obtained were subjected to Analysis of
Variance (ANOVA) while LSD was used to separate means at 5% level of probability. Results
obtained shows that soils from the dumpsites belong to the textural class: sand. Their pH was
moderately acidic and their TOC contents were 19.60 and 21.50 g/kg in the Learning center and
Residential area respectively. The heavy metal studied were present in both soils, and there was
no significant difference between the heavy metal content across the two dumpsites. The peak
lead (Pb) content (1.30 mg/kg) was obtained in the learning center while the peak Cd, Cr, and As
contents (0.037 mg/kg, 0.040 mg/kg and 0.040 mg/kg respectively) were recorded in the
residential area. The contents of the heavy metals in the soil were below their standard
permissible limits. Similarly, the highest Pb (0.083 mg/kg) content in plant (Amaranth) was
found in learning center. Pb in Amaranthus cruentus from the learning center was above the
permissible standard and is a potential health risk. While the other heavy metals (Cd, Cr and As)
had their highest values in Amaranthus cruentus planted on soils from residential area. Their
values (0.033 mg/kg, 0.017 mg/kg and 0.013 mg/kg) were below the standard permissible limit
and did not pose any health risk.



CHAPTER ONE

INTRODUCTION

1.1 Background to the Study

Solid waste management has remained an intractable environmental sanitation problem in
Nigeria. This problem has manifested in the form of piles of indiscriminately disposed heaps of
uncovered waste and illegal dumpsites along major roads and at street corners in cities and urban
areas, this problem is compounded by rapid urbanization and population growth which have led
to generation of enormous quantities of solid waste which are often discarded by open dumping
(Uwakwe, 2017). Poor waste management poses a great challenge to the well-being of city
residents, particularly those living around the vicinity of the dumpsites due to the potential of the
waste to pollute water, food sources, land, air and vegetation. The poor disposal and handling of
waste thus leads to environmental degradation, destruction of the ecosystem and may cause great
risks to public health. The resultant accumulation of waste poses a health hazard to urban
inhabitants, and also threatens the surrounding environment (UNEP, 2020). Wastes from
agriculture and industries can also cause serious health risks. Other than this, co-disposal of
industrial hazardous wastes with municipal wastes can expose people to chemical and
radioactive hazards. Uncollected solid waste can also obstruct stream water runoff, resulting in
the formation of stagnant water bodies that become breeding grounds for disease causing
organisms. Wastes dumped near a water source also cause contamination of the water body or
the ground water source. The direct dumping of untreated wastes in land fills rivers, seas and
lakes result in the accumulation of toxic metals and organic pollutants in man through the food

chain (Medina, 2022). This clearly shows how waste disposal seriously affects the health of
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residents located closer to dumpsites. The smelly and unsightly conditions of dumpsites are
worse in dry season, because of extreme temperatures, which speed up the rate of bacterial action
on biodegradable organic material. Disposal of solid wastes on land without careful planning and

management can present a danger to the environment and the human health (USEPA, 2022).

Like many cities in South-South Nigeria, Benin City in Edo State faces problems of
environmental sanitation such as improper disposal of refuse near residential areas; poor refuse
collection and handling, it is common to find huge refuse dumpsite within residential areas and
farmers use them as fertilizers. This however, leads to accumulation of heavy metals in plants
grown on dumpsite soils or fertilised with dumpsite manure, which on subsequent transfer

through food chain end up in man, posing potential health risk.

The rise in population and civilization in Benin metropolis has increased the number of dumpsite
due to poor waste management schemes, thereby contaminating the environment. It is based on
these facts that this study is aimed at determining the total concentration of heavy metals of

Amaranthus cruentus raised on dumpsite soil in Benin metropolis, Edo State, Nigeria.

1.2  Aim and Objectives

The aim of this work was to determine the heavy metals concentration of amaranth (Amaranthus

cruentus) raised on dump site soils in Benin City. The specific objectives were to determine:

(1) Gravemetric and chemical properties of soil samples collected from dumpsites in Benin City,

Edo State, Nigeria;

(i1) The concentrations of heavy metals in amaranth (Amaranthus cruentus) raised on dump site

soils in Benin City.
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CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Soil Pollution

Soil is an important natural resource to man, as it serves as one of the main source of agricultural
production. However, anthropogenic activities such as agricultural practices, industrial
operations and waste disposal methods causes soil pollution ensuing the release of toxicants in
the soil, which invariably affects soil health and crop production (Zukowska and Biziuk, 2018).
Materials that find their entry into the soil system, persist and accumulate in toxic levels, hence
becoming heavy metals in the soil. These heavy metals include, iron, lead, zinc and cadmium.
The concentration of these heavy metals in soil and their impact on ecosystems varies and it is
influenced by factors such as the parent rock, climate and anthropogenic activities (Jia et al.,

2020).

2.2 Heavy Metals

Heavy metals are defined as metallic elements that have relatively high density and is toxic at
low concentrations (Tchounwou et al, 2012). They are common pollutants in the soil
environment, namely arsenic (As), cadmium (Cd), chromium (Cr), mercury (Hg), lead (Pb),
copper (Cu), zinc (Zn), nickel (Ni). Their type of contamination is biologically toxic, widely
distributed, and persists long-term in soil environment (Zhao, et al, 2020). They are also
regarded as agricultural soil contaminants because if present at high levels in the soil, they
negatively impact crop health, growth and productivity. Heavy metals are known to be the bane
of soil and crop productivity as they are recalcitrant to degradation, and if not taken up by plants
or removed by leaching, they can accumulate in the soil and persist for long periods (Rashid et al,
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2023). When heavy metals accumulate to toxic levels in agricultural soils, these non-
decomposable elements adversely affect crop’s agronomic performance. They disrupt the normal
structure and function of cellular components in plants/crops and impede their various metabolic
and developmental processes (Rai et al, 2019). The toxicity of heavy metals on crops depends
upon factors such as crop type, growth condition, and developmental stage. Also, the nature of
toxicity of the specific elements involved, soil physical and chemical properties; occurrence and
bioavailability of heavy metal ions in the soil solution; and soil rhizosphere chemistry (Rashid et
al, 2023). Globally, heavy metal contamination is a serious issue especially in developing
countries, as results of rapid urbanization, increased industrial operations, alongside municipal,
agricultural, and domestic activities. Also, the lack of awareness on the toxic consequences of

these elements to soil and crop health adds to its rapid proliferation and distribution (Jarup, 2003).

23 Heavy Metal contamination

Heavy metal contamination is described as the presence and accumulation of toxic heavy metals
in the soil beyond natural levels which can be harmful to soil health and environment (Bose and
Hemantaranjan, 2015). Heavy metal contamination is regarded to be common in dumpsites, and
its widespread distribution has received the attention of researchers all over the world, mainly
due to their harmful effects on the environment, crops and soil health (Misra and Mani, 2019).
Alma et al. (2020) in a study conducted on two plant species grown at three different stations,
indicated that heavy metals enter the biological cycle through the roots and leaves of plants and
are enriched in various plant organs. They directly affect the growth of plants, and also increases
the level of the element in the plant. An excess dietary intake of contaminated plants could also
be dangerous to the health of humans and animals; due to the fact that the chemical composition

of plants reflects almost the elemental composition of the soil. Elaigwe, (2017) carried out the
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biomonitoring of vegetables and reported that farming in dumpsites — which is common in
developing nations — has a negative impact on human health due to high concentration of trace

metals in plants grown from the environment which subsequently enters the food chain.

Adeleken and Abegunde (2021) noted that heavy metals have low environmental mobility, as a
result of this a single contamination could set a stage for a long term exposure of heavy metals to
human, microbial, fauna, flora and other edaphic communities. The mobility, bioavailability and
liability of some heavy metals in soils around automobile waste dumpsites in Northern part of
Niger Delta were assessed by Osakwe and Otuya (2018) using Tessier et al. (1968) five step
sequential chemical extraction procedure. The results showed that the mobility factors for the
metals in all the sites ranged from 20.37 - 90.90 for cobalt, 15.83 - 62.07 for nickel, 25.50 -

60.43 for manganese and 16.49 - 32.13 for iron, following the order: Co > Ni > Mn > Fe.

2.4  Heavy Concentration in Dumpsites

Dumpsites are typically where levels of heavy metals are most concentrated. Assessment of the
levels of copper, zinc and lead in soils and vegetation around solid waste dumpsites in Port
Harcourt and environs were carried out in 2005 using atomic absorption spectrophotometry.
Physical parameters such as pH and particle size were also determined. The results show that the
mean concentrations of copper in transect and profile soils and vegetation were 1.20 = 0.83
mg/kg, 2.57 £ 1.87 mg/kg, 1.48 £ 1.61 mg/kg respectively at the East — West road dumpsite and
2.42 +1.87 mg/kg, 1.40 £ 0.61 mg/kg, 1.39 + 0.67 mg/kg respectively at the Kaduna/Afam street
dumpsite. The mean concentrations of zinc in soil and vegetation along the transect were 12.83 +
4.65 mg/kg, 2.68 + 1.82 mg/kg, 1.33 £ 0.64 mg/kg, 0.80 £ 0.60 mg/kg respectively at the

Kaduna/Afam street dumpsite. The mean concentrations of lead in the soil and vegetation were
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0.26 £ 0.21 mg/kg, 0.28 + 0.24 mg/kg, 1.48 + 0.12 mg/kg respectively at the East — West road
dumpsite and 0.45 + 0.37 mg/kg, 0.20 + 0.08 mg/kg, 0.39 + 0.17 mg/kg respectively at the

Kaduna/Afam street dumpsite.

The order of occurrence of the heavy metals in the top soils of the study areas was Zn > Cu > Pb.
The levels of copper and zinc in soils from the waste dumpsite were significantly different (P <
0.05) from soil sample elsewhere. The differences in the levels of copper, zinc and lead in soils
and vegetation’s as well as dumpsite and outside dumpsite were not significant (P < 0.05). The
results indicate that solid wastes contributed to the levels of heavy metals in soils and vegetation.
Also the concentrations of the metals in soils do not depend on the age of the dumpsite rather it

depends on the source, composition and the topography of the dumpsite (Ideriah et al., 2015).

A study of speciation of Cu, Cd, Pb, Ni, Zn, Mn, Fe, Cr and Hg was carried out by Olanipekun
and Fagbote (2020) on soils of Agbabu, Nigeria, using sequential extraction procedure with
atomic absorption spectroscopy. From the results obtained in the two seasons, most of the metals
had high abundance in the residual fractions indicating lithogenic origin and low bioavailability
of the metals considered. The average potential mobility for the metals studied in the two seasons

gave the order: Zn > Cr > Cu > Mn > Cd > Fe > Ni > Pb > Hg (Olanipekun and Fagbote, 2020).

Study on the effect of leaching of heavy metals at dumpsites was conducted by analyzing
samples of soil collected from different dumpsites located within Ikere and Ado Ekiti metropolis,
South Western Nigeria. The samples were analyzed for concentrations of Cd, Co, Cr, Cu, Fe, Pb,
Mn, Ni, Sn and Zn. The results of the analyses showed a significant difference in the

concentration of these metals from the centre of each dumpsite at interval of 10 — 70 m down the
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slope (p < 0.05). The dumpsites were found to contain significant amount of toxic heavy metals

(Awokunmi et al., 2020).

Geochemical implication of heavy metals was evaluated on groundwater surrounding a
municipal solid waste dumpsite at Olusosun waste disposal site in Lagos. Twenty groundwater
samples and a leachate were investigated around the dumpsite and analysed. The results revealed
dominance of Pb, Fe and, Mn when compared with to WHO and SON standard, while all the
metals were found to be high in the leachates. Contamination assessment revealed that Fe and Pb
extremely contaminated the groundwater, while geoaccumulation factor showed that farther
away from the dumpsite the contamination reduced significantly. Pb, Mn, Fe found to be from
anthropogenic source and their levels correlated significantly Pb - Cd (0.84), Mn - Pb (0.90), Fe -
Cd (0.76). Thus, if the levels of Pb, Fe and Mn is not checked it could lead to major health
problems like tooth decolouration, low mental development and kidney problems in the populace

(Laniyan et al., 2021).

Study was carried out by Odukoya et al. (2015) to assess the trace element concentrations in
soils of active and abandoned dumpsites in Lagos, Nigeria. Thirty-six trace and rare earth
elements were analysed in the soil samples using Inductively Coupled Plasma Mass
Spectrometry. From the results, only Pb, Cd, Zn, Cr, Cu, As, Mo and Mn were at significant
amounts for both active and abandoned dumpsites. Geo accumulation index showed that soil
samples were within low to moderate contamination with As, Cr, Mn, Mo, and Fe while Cd, Pb,

Zn and Cu were in the class of moderate to strong contamination for all the samples.

Waste dumpsites can transfer significant levels of toxic and persistent metals into the soil

environment (Udosen et al., 2016). These metals are taken up by plants and transferred into the
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food chain (Benson and Ebong, 2015). Cultivated plants take up these metals either as mobile
ions in the soil solution through their roots (Udosen et al., 2016) or through their leaves thereby
making them unfit for human consumption (Yusuf et al., 2013). Consequently, higher levels of
heavy metal in soil can result to higher uptake level by plants (John et al., 2019). The rate of
metal uptake by a plant could be influenced by factors such as metal species, plant species, plant

age and plant part (Singh et al., 2020).

2.5  Effects of Heavy Metals on the Soil

Various physical and chemical techniques were used to investigate the characteristics and heavy
metal concentration of soils in some selected waste dumpsites in Port Harcourt (David et al.,
2019). The results showed that the soils are moderately acidic with a mean pH value of 5.5 for
the 1 m subsoil and 5.8 for 30 cm soil depth in the various dumpsites. In addition, the total
organic carbon (TOC) levels of the soil was low with 3.41% and 2.90% for depths 30 cm and 1
m respectively. The cation exchange capacity (CEC) of the soils had the range 21.36 — 28.79
meq/100g for a depth of 30 cm and 20.94 — 26.44 meq/100g for the depth 1m soil across the
dumpsites. The textural class of the soils was observed to be a mixture of sand, clay and loam in
all the sites. Low sand fractions (> 40%) was observed for almost all the sites except for Elekahia
and Eleme roads that had 64.7% and 56.4%, respectively. The results of the heavy metal
concentration in all the locations of the dumpsites were above the permissible limits set by
World Health Organization (2020). However, in this study the soil did not meet up with the
moisture requirement for a waste land filling and could therefore be prone to porosity, surface
flooding and underground water pollution. The use of impermeable geo-membrane is suggested
to minimize seepage of leachates from causing pollution of both surface and groundwater

resources (David et al., 2019)
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Heavy metals affect the pH of the soil, where soils with elevated levels of heavy metals tend to
have lower pH and soils less level of heavy metals have higher ph. Furthermore, with increasing
pH, the solubility of most metals decreases due to their increased adsorption (Takac ef al., 2019).
pH is generally acknowledged to be the principal factor governing concentration of soluble and
plant available metals (Brallier et al., 2021). Metal solubility tends to increase at lower pH and

decrease at higher pH values (Garcia et al., 2019).

2.6  Effects of Heavy Metals on Crop Production

Study of heavy metals in the abandoned Isolo dumpsite soil and Amaranthus cruentus planted on
the dumpsite soil indicated that the concentration of heavy metals in Amaranthus at the dumpsite
and the control were: Pb (35.00 and 23.68 mg/kg); Zn (8.70 and 4.00 mg/kg); Cu (7.68 and 4.34
mg/kg); Cr (0.08 and 0.05 mg/kg) and Fe (98.00 and 24.50 mg/kg) respectively. Also, the
concentrations of heavy metals in the tomato planted at the dumpsite were: Pb (46.75 mg/kg); Zn
(85.64 mg/kg); Cu (13.35 mg/kg); Cr (0.25 mg/kg) and Fe (86.94 mg/kg). The levels of heavy
metals in the dumpsite soil and the soil after harvesting the tomato plant were: Pb (127.50 and
56.75 mg/kg); Zn (157.60 and 65.80 mg/kg); Cu (27.60 and 12.25 mg/kg); Cr (3.60 and 1.50
mg/kg) and Fe (785.50 and 653.75 mg/kg) respectively. The Amaranthus species on the
dumpsite soil were found to accumulate more heavy metals than that of the control. The level of
heavy metal in the dumpsite soil decreased drastically after harvesting the tomato plant (Oyelola

etal.,2019).

Okoronkwo et al. (2016) carried out the risk and health implications of metals in polluted soils
used for crop production. The results of the analysis showed heavy metal contaminations of the

dumpsite soils. The study concluded that there is higher risk of exposure of the consumer to
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heavy metals due to plant uptake of these toxic elements from polluted soils, abandoned waste
dumpsite soil and any other form of polluted soil for agricultural purposes. Of all the five heavy
metals studied by Okoronkwo et al. (2016), the highest mean concentration (mgkg™') was 133.74
+ 10.60 recorded for Pb followed by 22.27 + 3.03 for Cr, 8.14 = 0.33 for Ni and 5.97 + 0.32 for
As in the soils; while the least mean concentration of 1.64 + 0.11 was recorded for Cd. Sand,
organic matter and cation exchange capacity (CEC) correlated significantly and positively with
Cr and Pb, indicating that these factors largely control the concentration of these elements in the

soils.

2.7  Effect of Heavy Metals on Amaranth

Amaranth is a genus of annual herbs belonging to the family Amaranthaceae (Stephens, 2019). It
consists of 60—70 species (Xu and Sun, 2019) and include at least 17 species with edible leaves
and three grain amaranths grown for their seeds (Grubben and Denton, 2020). Although, several
species are often considered weeds, people around the world and in Nigeria value amaranths as
leafy vegetables (Trucco and Tranel, 2019). The local names in Nigeria are alayyafoo in Hausa,
efoo in Yoruba, imine olu in Igbo and Ebe afor in Edo. Contemporarily, there is no distinct
separation between all the types of amaranth since the leaves of their young plants can be eaten
as both human and animal food (Muyonga et al., 2018; Yarger, 2018). They are very good
sources of vitamins, protein and dietary minerals including calcium, iron, magnesium,
phosphorus, potassium, zinc, copper and manganese (Ofitserov, 2018). They are regarded as
important source for food, feed and raw materials for the agri-system value chain. According to
Onyango (2020), improvement of amaranths through research and development could produce
an easy and cost-effective way of eliminating malnutrition and promoting people ‘s health as

well as achieving food security. However, due to the proliferation of irregular dumpsites,
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especially in the south-south region of Nigeria, the capacity for adequate production of quality
leafy vegetables such as Amaranth is on decline (Okpara et al, 2021). An assessment of the
uptake of heavy metals by Amaranthus cruentus grown on abandoned dumpsites in Effurun,
Nigeria showed that the soil samples exhibited high levels of the heavy metals Zn(59-214), Pb
(0.9-4.2), Cu (301-714), Fe (712-2186), Ni (7.1-14.9) and Hg (0.61-1.14) expressed in mg/kg dry
weight basis, while parts of the plant showed low concentrations, with leaves having the highest
levels of Zn, Cu, Fe, and Ni, stem contain the highest levels of Pb and Hg and the fruit had a low
safe limits. The study provided nutritional data on heavy metal composition Amaranthus
cruentus grown on abandoned dump sites and serves as a pathway for investigating how such
elements enter the food chain and will finally be ingested by humans (Akpofure, 2021). The
toxic and detrimental impacts of heavy metals become apparent only when long-term

consumption of contaminated vegetables occur.

Summarily, the problem of heavy metal pollution is not going to disappear overnight. On the
contrary it will remain a legacy of mass industrial activity for many generations and is likely to
escalate further in the future (Shrivastav, 2021). In this regard, the compilation of past and
present catalogues of heavy metal concentration is an activity of great importance, alongside

continual research on the effects to crop production.

2.8  Effects of Some Heavy Metals on the Environment

2.8.1 Lead

Lead (Pb) is a well-known neurotoxin. Impairment of neurodevelopment in children is the most
critical effect of lead poisoning. Exposure in the uterus, during breastfeeding and in early

childhood may all be responsible for the effect. Lead accumulates in the skeleton and its transfer
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from bones during pregnancy and lactation causes exposure to fetuses and breastfed infants
(ATSDR, 2017). Chronic exposure to Pb can affect physical growth and cause anemia, kidney
damage, headache, hearing problems, speaking problems, fatigue or irritable mood (Simeonov et
al., 2020). The toxicity by Pb has multiple biochemical effects. It has the ability to inactivate
enzymes, compete with calcium for incorporation into bones and interfere with nerve
transmission and brain development (Ediin ef al., 2020). 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 tumor suppressor and promoter genes (Silbergeld, 2020).

The common sources of lead are car batteries, tyre materials, coals, plastics and insecticides. The
high level of Pb in soil, could be attributed to Pb from car exhaust fumes, derived from leaded
petrol (Alloway, 2019). The main sources of Pb in the environment include, dust from leaded
paints of older houses, leaded gasoline and tap water from soldered pipes (Ediin et al., 2000).
The maximum allowable limits of lead in the soil in UK and USA are 100 mg/kg and 200mg/kg

respectively (Mamtaz and Chowdhury, 2016), while it is 0.05 mg/kg in Nigeria (FEPA, 2019).

2.8.2 Cadmium

Cadmium (Cd) is a heavy metal characterised by high mobility in biological systems. It is
emitted to the atmosphere in combustion processes, mainly in the form of oxides (Wieczorek et
al., 2014). Cd uptake by plants is partly limited by presence of calcium, phosphorus and
chelating compounds in the soil (Wieczorek et al., 2014). Cadmium has atomic number of 48,
atomic mass 112.4, density 8.7gcm-3, melting point 321°C and boiling point 767°C. The metal is
a lustrous, silver-white, ductile, very malleable metal. It is soluble in acids, but not in alkalis. It is

usually found as a mineral combined with other elements such as oxygen as cadmium oxide,
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chlorine as cadmium chloride, or sulphur as cadmium sulphate and cadmium sulfide (Schult-
Schreeppimg and Piscator, 2020). The sources of Cd in the environment include: mining and
smelting of metal ores, fossil fuel combustion and also phosphate fertilizers (Challa and Kumar,
2019). Cd is used in the production of Nickel-Cd rechargeable batteries when this is deposited in
sewage sludge, it raises the levels of Cd in the environment (Challa and Kumar, 2019). Farming
practices such as tobacco growing also increases the level of Cd in the environment, as tobacco
is known to accumulate Cd in its tissues (Selinus and Alloway, 2015). The sources of Cd in the
urban areas are much less well defined than those of Pb, but metal plating and tire rubber are
considered the likely sources of Cd (Jaradat and Momani, 2019). Cd is also found in lubricating
oils as part of many additives and car tyres as a result of the vulcanization process. The industrial
activities; the metal is widely used in electroplating, pigments, plastics, stabilizers and battery
industries (Mehbrahtu and Zebrabruk, 2021). Cd is highly toxic and responsible for several cases
of poisoning through food. Small quantities of Cd cause adverse changes in the arteries of human
kidney. It replaces zinc biochemically and causes high blood pressures and kidney damage
(Mehbrahtu and Zebrabruk, 2021). The recommended concentration of cadmium in soil is

3kg/mg (EU, 2019).

2.8.3 Chromium

The most common forms of chromium are chromium (VI) and chromium (III) (Hilgenkamp,
2016). Although chromium toxicity in the environment is rare. It still presents some risks to
human health since chromium can be accumulated on skin, lungs, muscle, fat, in liver, dorsal
spin, hair, nails and placenta where it is traceable to various health conditions (Adeleken and

Abegunde, 2021).
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The health effects brought about by the exposure to chromium (VI) include lung cancer,
malignant neoplasia, chromium dermatitis and skin ulcers (Sarkar, 2015). Perforations and
ulcerations of the nasal septum and bronchial asthma have also been reported. In one of the
studies, a four-fold increase in childhood leukemia was attributed to possible consumption of
water with chromium (VI) levels above standard recommended value of 300 mg/kg (Sarkar,
2015). The sources of chromium in the environment include, cement, leather, plastics, dyes,
textiles, paints, printing ink, cutting oils, photographic materials, detergents, wood preservatives
among others (Hilgenkamp, 2016). Other sources of chromium are power plants, liquid fuels,
brown and hard coal and industrial and municipal wastes. Non biodegradability of chromium is
responsible for its persistence in the environment and once mixed with soil, it undergoes
transformation into various mobile forms before ending into environmental sink (Adeleken and
Abegunde, 2021). The maximum allowable limit of chromium in the soil set by United Kingdom

is 300 mg/kg (EU, 2019) while the limit set by FEPA (2019) is 0.03 mg/kg in Nigeria.

2.8.4 Nickel

Nickel is an essential trace element in animals, although the functional importance of nickel has
not been clearly demonstrated. However, there is evidence of uptake and accumulation in certain
plants. Nickel deficiency is manifested primarily in the liver. Its effects include abnormal cellular
morphology, oxidative metabolism and increase and decrease in lipid levels. The essentiality of
nickel in humans has not been established and nickel dietary recommendations have not been
established for humans (ATSDR, 2013). Nickel compounds are known carcinogens in both
human and animal models (Feder et al., 2019). There is evidence that the Geno-toxic effects of

nickel compounds may be indirect through the inhibition of DNA repair systems. As a result of
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this inhibition it has been suggested that accumulation of nickel in breast tissue may be closely

related to malignant growth process (ATSDR, 2015).

2.8.5 Copper

Copper is an essential nutrient that is incorporated into a number of metalloenzymes involved in
hemoglobin 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 B-monooxygenase, function to reduce activated
oxygen species or molecular oxygen. Symptoms associated with copper deficiency in humans
include normocytic, hypochromic anemia, leukopenia, and osteoporosis (ATSDR, 2014).
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, anemia, immune toxicity 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,
2014). A few examples of human activities that contribute to copper release are mining, metal
production, wood production and phosphate fertilizer production. Because copper is released
both naturally and through human activity, it is very widespread in the environment. The metal is
often found near mines, industrial settings, landfills and waste disposals (Schult and Kelling,

2019).
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CHAPTER THREE

MATERIALS AND METHOD

3.1 Study Area

The study was carried out at the Ugbowo Campus of the University of Benin, Benin City in Edo
State, Nigeria., which lies between latitude 06°23' 37" to 06°24' 26" North and longitude 00536’
25" to 00538' 09" East, which falls within the rain forest ecological zone of Nigeria with an
annual rainfall of about 2000 mm and annual average temperature of about 27C (Molindo and
Nwachokor, 2010). The topography of the area is a gentle slope, which falls eastwards while
soils in the area are ultisols derived from recent coastal plain sands known as Benin formation

(Umweni, 2007).

3.2 Sample Collection

Six (6) different dump sites were carefully collected in the Ugbowo campus of University of
Benin. Three (3) each from Leaning centers, and student’s hostel (residential areas). The
coordinates of the six dumpsites were taken, using a global positioning system (GPS). Soil
samples from the dumpsites were collected and filled into plastic buckets, for the cultivation of

Amaranthus cruentus.

Cultural Practices

Amaranthus cruentus seeds were planted at 4 seeds per bucket, and later thinned to 2 seedlings
per bucket. Weeds were handpicked at intervals and adequate water was supplied when deemed
necessary. At maturity, Amaranthus cruentus were harvested. Soil and plant samples were

collected at the termination of the experiment.
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Experimental Design

The experiment was conducted in the Greenhouse of the Department of Soil Science and Land
Management, Faculty of Agriculture, University of Benin, Benin City. The experiment was laid
out in Completely Randomized Design (CRD) with three treatments (soils from dumpsites) and

three replicates.

Parameters Measured/Determined

Collected soil and plant samples were taken to the main laboratory Faculty of Agriculture,
University of Benin, where standard procedures to determine: pH, TOC, N, P, K, Exchangeable
bases, exchangeable acidity, sand, silt, clay and trace/heavy metal contents of the soil. The trace

elements/heavy metal contents of the shoots of Amaranthus cruentus were also determined.

33 Soil Laboratory Analysis

Soil samples from refuse dumps in the different land uses were filled into buckets pots and
Amaranth seeds were planted in them. After harvest, soil and plant samples were taken. Standard
laboratory procedures were used in the analysis to determine selected physical and chemical
characteristics. The analysis of the soil physical and chemical properties was carried out at the

Faculty of Agriculture Main Laboratory.

1. Particle size determination (Hydrometer method)

The particle size distribution was determined by the hydrometer method (Boyoucos, 1962) as
modified by Gee and Bauder (1986). 51 g of air dried soil was weighed into a 250 ml beaker and
50 ml of Calgon solution (sodium hexameta phosphate) was added to the soil. Then 100 ml of

distilled water was added and stirred vigorously for minute using the glass rod and allowed it to
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stand for 30 minutes. The sample was transferred quantitatively into 100 ml measuring cylinder
and made up to mark with distilled water. The first and second readings were taken at 40 seconds,

and 2 hours respectively.

2. pH

The pH of the air dried soil was determined using an electronic pH meter of ratio 1:1 and (10 g
soil to 10 ml distilled water). 10 g of air dried soil was weighed into 50 ml beaker, 10 ml of
distilled water was added and the mixture was stirred intermittently for 30 minutes with a stirring
rod. The pH meter was standardized with buffer pH 4.0 and 9.0, before the pH of the soil was
taken. The reading was taken by dipping the electrode into the liquid mixture and the reading

recorded.

3. Organic Carbon Content

This was determined by the chromic acid wet oxidation procedure of Walkey and Black as
described by (Black, 1965). 1 g air dried soil was weighed into 250 ml conical flask, 10 ml of 1
N potassium heptaoxodichromate (vi) K2CR»0O7 solution was added using a 10 ml pipette and the
flask gently swirled to effect proper mixing. Thereafter, 20 ml of concentrated tetraoxosulphate
(vi) acid H2SO4 was added violently but carefully to avoid dissipation of heat of the reaction and
to enhance complete oxidation, after 30 minutes, 100 ml of distilled water was added with 100
ml measuring cylinder followed by 5 drops of ferroine indicator. The content of the flask was
titrated with 0.5 N ferrous sulphate solution (FeSOs. 7H>0O). The colour changed from dirty
brown to a wine color. A blank titration was carried out (without soil sample) thus, organic

carbon was calculated as;

{B (ml) - T (ml)) x Nx 0.003F/ Weight of soil sample x 100/1
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Where B (ml) = Titre value of blank

T (ml) = titration value

N = normality of FeSO4 Solution

F = Correction factor (1.33) %

Organic Carbon (%) was converted to g/kg by multiplying the values by 10.

4. Exchangeable Bases (Ca, K, Na and Mg) determination (Ammonium Saturation

Method)

10 g of air cried soil was weighed into a 250 ml soil shaking bottle. 100 ml of 1 N ammonium
acetate was added and was shaken in a mechanical shaker for 1 hour. The soil suspension was
filtered through whatman No 45 filter paper into 100 ml volumetric flask and made up 100 ml
mark with ammonium acetate solutions and stored in a 100 ml plastic reagent bottle. K and Na
were read in Jennway model flame photometer and Ca and Mg were read in a Unican series 969

model.

5. Exchangeable Acidity Determination (Titration method)

5 g of air dried soil was weighed into a shaken bottle. 50 ml of I M KCI was added and shaken
for 1 hour on a mechanical shaker. The soil was thereafter filtered into a 100 ml volumetric flask
and was made up to 100 ml mark with 1M KCI solution. 25 ml of soil extract was measured into
a 250 ml conical flask and 5 drops of phenolphthalein indicator was added. Mixture was titrated
with 0.05 N NaOH to pink end point. Results were expressed as cmolkg Calculation Meq/100 g=
NxVx100 W Where N=Normality; V= Litre Volume; w = Weight of soil in aliquot meg/100 =
(mol/kg).
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6. Available Phosphorus Determination

The available phosphorus in the soil samples was determined using Bray-1 method. Here a 5 g
soil sample that passed through 2 mm sieve was weighed into an extracted cup. 30 ml of Bray-1
(1945) solution was added and was stirred on a mechanical shaker for 5 minute. The soil
suspension was then filtered through whatman 42 filter paper. 1 ml extract (aliquot) was pipette
into a 50 ml volumetric flask. 6 ml of distilled water was added. 2 ml of colour developing
reagent was added and was well mixed. 1 ml of Ascorbic acid solution was added and was left
for 10 minutes so that the colour can develop. The solution was measured at 650 m in visible
range spectrometer. A graph of absorbance (ppm) against standard (ppm) for P interpolation was

done. Calculation ppm of P (mg of P/ kg soil).

7. Total Nitrogen (Kjeldahl method)

1 g of air dried soil sample of fine tilth was weighed into a 250 ml micro kjeldahl flask followed
by the addition of 1 g of catalyst tablet (comprising of CuSO4, KaS and a pinch of Selenum). 20
ml of concentrated H2SO4 was added and the flask was heated in a fume cupboard until
digestion was completed and the digest had become light green in colour. The flask was cooled
and about 10 ml of distilled water was added. The digest was filtered through whatman No. 42
filter paper into 100 ml volumetric flask. It was made up to mark and shaken together for proper

mixing.

Distillation

10 ml aliquot was transferred into 500 ml Kjeldahl flask. 30 ml of water was added. 15 ml of

NaOH (excess base) was added. Heat was applied, and 25 ml distillate was collected in 5 ml
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boric acid indicator. The NH. Nitrogen was determined by titration distillate with 0.01 M

standard HCL. Color changed from green to pink.

Heavy Metal Determination

1 g of air dried soil sample was weighed into a digestion tube 10 ml of concentrated HNO was
added and heated in block digester for 1 hour. 5 ml of HCIO4 was added and heated for another 1
hour The flask was cool and 5 ml of 2.0 M HCL was added, the solution was diluted with 10mls
distilled water and filtered using whatman No 1 filter paper into 100 ml volumetric flask and
made up to make with distilled water. The extraction was then stored in a plastic reagent bottle

for instrumental determination using AAS.

Plant Analysis

At harvest, plants were randomly selected from each treatment plot and oven dried for forty-

eight hours at 75°C. The plants were then ground to powder and placed in Muffle furnace for
about eight hours at 450°C to completely turn samples into ashes. Ashes were treated with both
0.1 M HCI and 1M HCI and filtered (A.O.A.C., 1990). The filtrate was used for determination of

P, K, Ca and Mg. P was determined by the molybdenum-blue colorimetric procedure of Murphy

and Riley, (1962). K was determined using flame photometer. Ca and Mg content were

determined volumetrically by EDTA titration procedure (Black, 1965). The N content was

determined by Micro-Kjedahl digestion method (Bremner, 1996).

Statistical Analysis
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Data collected were subjected to Analysis of variance (ANOVA), using Genstal software, while

Least Significant Difference (LSD) was used to separate means at 5% level of significance.

CHAPTER FOUR

RESULTS AND DISCUSSION

4.1  Physical Properties

4.1.1 Particle Size Distribution

The results (Table 1) of the particle size distribution under the different dump sites showed Sand
fraction of 881.7 g/kg in learning centers, 884 g/kg in hall of residence. Silt fractions was 69 g/kg
in learning centers, while hall of residence had 70 g/kg. Clay fraction of 49.3 g/kg in learning
centers and 45 g/kg in halls of residence was observed. The soil textural class of the dump sites

studied was sand.

4.2 Chemical Properties

4.2.1 Total nitrogen

The result on Tablel shows that halls of residence had the highest total nitrogen (1.13 g/kg) as
compared to learning centers which had 1.09 g/kg. The relatively high N content may be due to
the composition of the wastes which decomposed over time, therefore increasing the level of
microbial activity. The activities of soil organisms in the decomposition of these wastes may

have accounted for the rich N contents of the soil (Obute ef al., 2010; Amos-Tautua et al., 2014).

32



33



Table 1: Soil Parameters

Exchangeable Bases Exch. Acidity

pH TOC TN Av.P K Ca Mg Na H Al Pb Cd Cr As Sand Silt Clay
TC

TRT (1:1)ine— (gkgr>» = (cmol/kg) =—— € (mgkg) — (gkg) —»
water (mg/kg)

L.C 576 19.60 1.090 12.80* 0.223 0.87 0.256 0.157 0.18 0.067 0.13 0.03 0.01 0.03 881.7 69.0 49.3 Sand

Res 597 21.50* 1.130 13.80 0.27 1.01 029 0.177 0.123 0.03 0.123 0.034 0.04 0.04 8843 70.7 45.0 Sand

SEM 0.13 226 0.01 151 0.023 0.09 0.034 0.0101 0.02 0.01 0.01 0.001 0.00I 0.001 1.65 2.39 2.39

SED 0.19 320 0.14 213 0.04 0.123 0.05 0.015 0.03 0.011 0.01 0.001 0.001 0.012 2.33 3.38 3.38

LSD NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS NS

CV (%) 3.9 19.1 156 197 206 16.7 244 112 278 408 139 30.6 306 533 03 59 838

Means with the same alphabets in the same column are not significantly different at P = 0.05
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4.2.2 pH
The pH of the soils (Table 1) were moderately acidic (5.763 and 5.970 respectively) in the soils

from dumpsites in learning centers and residential areas. There was no significant difference
between the pH of the two dumpsites at 5% level of significance. The moderately acidic pH
observed is similar to the findings of Obianefo et al., 2017 who also reported that the pH of

dumpsites was moderately acidic.

4.2.3 Organic Carbon

The result on Table 1 shows that the TOC of the dumpsites was 19.60 g/kg in learning centers
and 21.50 g/kg in residential areas. There was no significant (p<0.05) difference between the
TOC contents of the two dumpsites. The relatively high TOC contents of the dumpsites may be
connected with the wastes deposited on the dumpsites. This is similar to the findings of

Airueghian ef al., 2018 who reported high TOC contents from the dumpsites.

4.3 Heavy Metals Concentration of Dumpsites

Cadmium

As shown on Table 1, the cadmium concentration of the dumpsites soils reveals that the learning
Centre had 0.033 mg/kg while the residential area had 0.037 mg/kg. there was no significant
difference between Cd contents of both dumpsites at 5% level of significance. The values from
the dumpsites were below the WHO maximum permissible values of 0.2 mg/kg. This indicate

that concentration of Cd in the soils from dumpsites were low.

Lead

The lead (Pb) content of the soils from the dumpsites were 0.127 mg/kg and 0.130 mg/kg from
the residential area and learning centers respectively. There was no significant difference
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between the Pb levels of the soils from the dumpsites at 5% level of probability. The pb content

from the dumpsites were below the FAO/WHO maximum permissible value of 0.3 mg/kg.

Chromium

The chromium content in the soil were significantly below the maximum permissible limit set by
WHO. There was no significant difference observed in both soils of residential and learning
centers dumpsites in terms of chromium concentration. However, chromium content was higher
in residential soils than that of learning centers, with values of both ranging from 0.013 to 0.040

mg/kg.

Arsenic

The Arsenic (As) content in the soil were 0.03 mg/kg and .04 mg/kg for learning centers and
residential area respectively. There was no significant difference observed in both soils and the

As content were below the maximum permissible limit.

4.4 Heavy Metals Concentration in Amaranthus Cruentus

Cadmium

Residential areas had the highest level of Cd (0.037mg/kg) and it observed too in the uptake of
Cd by the amaranth plant (0.33mg/kg). The concentration of cadmium (Table 2) in Amaranthus
cruentus grown on the soil from these dumpsites studied were generally higher than the standard
limit of 0.01 - 0.03 mg/kg as reported by Fatoba et al. (2012). The high concentration obtained
may be due to deposition of the metal from non - ferrous metal activities, combustion, etc. There
was no significant difference between Cd concentrations in amaranthus cruentus grown on soils

from dumpsites in learning centers and residential areas respectively.
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Arsenic

The Arsenic (As) content in the plant, Amaranthus cruentus were 0.010 mg/kg and 0.013 mg/kg
for learning centers and residential area respectively. There was no significant difference

observed zof As content in plants and the As content were below the maximum permissible limit

set by thze WHO.
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Table 2: Plant parameters for amaranthus

Pb Cd Cr As
Dump site - (mg/kg) -
Learning Centers 0.08 0.02 0.001 0.01
Residential 0.04 0.03 0.011 0.01
SEM 0.001707 0.002 0.004 0.001
SED 0.01 0.003 0.001 0.001
LSD 0.04 0.01 0.02 0.023
CV (%) 19.3 15.3 60.6 70.0

Chromium

From Table 2 chromium concentration in the Amaranth plant were 0.007 mg/kg in learning
centers and 0.017 mg/kg in residential areas. The values were generally below the standard limits
(0.03 mg/kg) set by Federal Environmental Protection Agency (FEPA) 1991. There was no
significant difference in chromium concentrations. Sources of Cr in the soils could be due to
automobiles, colored polythene bags, discarded plastic materials, empty paint containers and

electronic waste (Jung and Casher, 2006).

Lead

Lead had lower values of 0.043 mg/kg and high values of 0.0.083 mg/kg in residential areas and
learning centers respectively. The pb content of the dumpsite from residential areas was above
the permissible limit while that of the learning centers was below the permissible limit of 0.05
mg/kg as recommended by Federal Environmental Protection Agency (FEPA) 1991. The high

levels of lead in the learning centers and residential areas could be attributed to the release of
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exhaust from generators and also burning of wastes (ATSDR, 2007). This indicate that this metal

is readily bio-available to the environment (Uzairu et al., 2013).
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CHAPTER FIVE

5.0 CONCLUSION

The soils from the dumpsites belong to the textural class: sand. Their pH was moderately acidic
and have high TOC contents. The heavy metals studied were detected in both dumpsite soils.
Their concentration in the dumpsites did not differ significantly at 5% level of significance and
their levels were below the permissible limits allowed in the soil. Also, the heavy metals were
also found in the plant samples. Pb content in the plant samples were above the permissible limit

but other heavy metals were below the levels of permissible limit in plant tissues.

40



REFERENCES

Adeleken, B. and Abegunde, K. (2021). Heavy metal contamination of soil and ground water at
automobile mechanic village in Ibadan, Nigeria. International Journal of the Physical
Sciences, 6(5): 1045-1058.

Akpofure, R. (2021). Uptake of heavy metals by Okro (Hibiscus Esculentus) grown on

abandoned dump sites in Effurun, Nigeria. Journal of Emerging Trends in Engineering
and Applied Sciences, 3(4): 640-644.

Alam, M.G., Snow, E.T. and Tanaka, A. (2013). Arsenic and heavy metal contamination of
vegetables grown in samta village, Bangladesh. Science Total Environment, 308 (1-3):
83-96. 121

Alimba, C.G., Bakare, A.A. and Latunji, C.A. (2016). Municipal landfill leachates induced
chromosome aberrations in rat bone marrow cells. African Journal of Biotechnology,
5(22): 2053-2057.

Alloway, B.J. and Ayres, D.C. (2019). Chemical Principals for Environmental Pollution. Blackie
Academic Professional. pp. 190-220

Alma, S., Alfred, M., Fatos, H. and Julian, S. (2020). Assessment of heavy metals accumulation
by different plant species grown along Lana River, Albania. BALWOIS 2010 conference.
Ohrid. Republic of Macedonia.

Al-Weher, M. (2018). Levels of heavy metal (Cd, Cu and Zn) in three fish species collected from
the Northern Jordan Valley. Jordan Journal of Biological Sciences, 1:41-46.

Amadi, A.N. and Nwankwoala, H. (2013). Evaluation of heavy metal in soils from Enyimba
dumpsite in Aba, southeastern Nigeria using contamination factor and geo-accumulation
index. Energy and Environment Research. 3(1): 125 —134

Amos-Tautua, BMW; Onigbinde AO; Ere, D (2014). Assessment of some heavy metals and
physicochemical properties in surface soils of municipal open waste dumpsite in
Yenagoa, Nigeria. Africa Journal of Environmental Science and Technology 8(1): 41- 47

Arai, S. (2022). Global view on functional foods: Asian perspectives. British Journal of
Nutrition, 88(2): S139-S143.

ATSDR, (2013). Draft toxicological profile for nickel. Atlanta, Georgia, United States. US
Department of Health and Human Services. Agency for Toxic Substances and Disease
Registry. 122

ATSDR, (2014). Toxicological Profile for Copper. Atlanta, Georgia, United States. US
Department of Health and Human Services. Agency for Toxic Substances and Disease
Registry.

41



ATSDR, (2015). Toxicological Profile for Nickel. Atlanta, Georgia, United States. US
Department of Health and Human Services. Agency for Toxic Substances and Disease
Registry.

ATSDR, (2017). Toxicology profile for Lead. Atlanta, Georgia, United States. US Department of
Health and Human Services. Agency for Toxic Substances and Disease Registry.

ATSDR, (2019). Draft toxicological profile for vanadium. Atlanta, Georgia, United States. US
Department of Health and Human Services. Agency for Toxic Substances and Disease
Registry.

Awokunmi, A., Asaolu, S. and Ipinmoroti, K. (2020). Effect of leaching on heavy metals
concentration in some dumpsites. African Journal of Environmental Science and

Technology, 4(8): 495-499.

Bakare, A.A., Mosuro, A.A. and Osinbanjo, O. (2015). An in vivo evaluation of induction of
abnormal sperm morphology in mice by landfill Leachates. Mutation Research, 582: 28-
34,

Begum, A., Ramaiah, M., Harikrishna., Khan, I. and Veena, K. (2019). Heavy metal pollution
and chemical profile of Cauvery river water. E-Journal of Chemistry, 6(1): 47-52.

Benson, N.U. and Ebong, G.A. (2015). Heavy metals in vegetables commonly grown in a
tropical garden ultisol. Journal of Sustainable TropicalAgricultural Research, 16: 77- 80.

Bhagure, G.R. and Mirgane, S.R. (2020). Heavy metal concentrations in groundwaters and soils
of Thane region of Maharashtra, India. Environmental Monitoring and Assessment,
173(1-4): 643-652

Bose, B. and Hemantaranjan, A. (2015). Developments in physiology, biochemistry and
molecular biology of plants. New Delhi, India: New India Publishing Agency. pp. 105.

Brady, N.C. and Weil, R.R. (2022). Soil organic matter. The nature and properties of soils.
Prentice Hall, Upper Saddle River, New Jersey, 446-490.

Brallier, C., Clark, T. and Paul, J. (2021). Heavy metals in soil. Halsted press, John Wiley and
Sons, London. 221-237.

Challa, S. and Kumar, R. (2019). Nanostructured oxides. Weinheim, Germany, Wiley. pp. 29.

Chamberlain, A.C. (2019). Fallout of lead and uptake by crops. Journal of Atmospheric
Environment, 17: 693-706.

Chukwulobe, E.E. and Saeced, M.D. (2014). Assessment of some physicochemical properties and
levels of Pb, Cu and Zn in soil of selected dumpsite in Kano metropolis, Northwest
Nigeria. International journal of biology and chemistry, 8(1): 717-726.

David, N., Benjamin, L. and Patrick, Y. (2019). Some physico-chemical and heavy metal levels
in soils of waste dumpsites in Port Harcourt municipality and environs. Journal of
Applied Environmental Management, 13(4): 65-70.

42



Dolk, M. (2019). Residents near waste landfill sites and risk of non-chromosal. congenital
malfunctions. EUROHAZCON: Collaboration study group, New York.

Ediin, G., Golantu, E. and Brown, M. (2020). Essentials for health and wellness. Toronto,
Canada: Bartlett Publishers. pp 368.

Elaigwu, S.E., Ajibola, V.O. and Folaranmi, F.M. (2017). Studies on the impact of municipal
waste dump on surrounding soil and air quality of two cities in northern Nigeria. Journal
of Applied Sciences, 7(3): 421-425.

Essaku, S., Obuli, P., Kurian, J. and Nagendran, R. (2020). Heavy metal fractionation and
leachability studies on fresh and partially decomposed municipal solid waste.
Environmental Monitoring and Assessment, 42: 161-173.

European Commission (EC) (2019). European Commission office for official publications of the
European Communities, Luxembourg, council directive 66/27/EEC on the protection of
environment and in particular of soil, when sewage sludge is used in agriculture.

Evans, L. (2017). Cation exchange capacity and soil fertility. CRC press Inc. Boca Raton, pp. 23

Fatoba, P.O., Adepoju, A.O. and Okewole, G.A (2012). Heavy metal accumulation in the fruits
of tomato and okra irrigated with industrial waste effluents. Journal of Industrial
Pollution and control 28(2): 103 -107

Feder, J.N., Gnirke, A., Thomas, W., Tsuchihashi, Z., Ruddy, D.A., Basava, A. and AL, E.
(2019). A novel MHC class I-like gene is mutated in patients with hereditary
hemochromatosis. Nature Genetics, 13(4): 399-408.

FEPA, (1991). Guidelines and Standard for Environmental Pollution Control in Nigeria. Federal
Republic of Nigeria, Nigeria. pp. 61-63.

FEPA, (2019). Guidelines and Standard for Environmental Pollution Control in Nigeria. Federal
Republic of Nigeria, Nigeria. pp. 61-63.

Fong, F., Seng, C., Azan, A. and Tahir, M. (2018). Possible source and pattern distribution of
heavy metals content in urban soil at Kuala Terengganu Town Centre. The Malaysian
Journal of Analytical Sciences, 12: 458-467

Fytianos, K., Katsianis, G., Triantafyllou, P. and Zachariadis, G. (2021). Accumulation of heavy
metals in vegetables grown in an industrial area in relation to soil. Bulletin of
Environmental Contamination and Toxicology, 67(3): 423-430.

Garcia, K., Powell, R. and Hill, G. (2019). Chelates in agriculture. Fertilizer Research, 25. 127-
131.

Harrison, R.M. and Chirgawi, M.B. (2019). The assessment of air and soil as contributors of
some trace metals to vegetable plants. Use of a filtered air growth cabinet. Science of the
Total Environment, 83(1-2): 13-34.

43



Hilgenkamp, K. (2016). Environmental health: ecological perspective. Toronto, Canada: Jones
and Bartlett Publishers. pp. 83.

Hutton, E.A., Hocever, S.B., Mauko, L. and Ogoreve, B. (2016). Electrochemical stripping
analysis of selected heavy metals. Analytical Chim-Acta, 244,580.

Ideriah, T.J.K., Omuaru, V.O.T. and Adiukwu, P.A. (2015). Heavy metal contamination of soils
around municipal solid wastes dump in Port Harcourt, Nigeria. Global Journal of
Environmental Sciences, 4(1): 1-4.

Ikem, A., Osibanjo, O., Sridhar, M.K.C. and Sobande, A. (2022). Evaluation of ground water
quality characteristics near two waste sites in Ibadan and Lagos, Nigeria. Water, Air and
Soil Pollution, 140: 307- 333.

Jais, T., Turner, M. and Black, F. (2021). Decomposition in terrestrial ecosystems. Oxford, U.K,
Blackwell Scientific Publications. pp. 18-28.

Jaradat, M. and Momani, A. (2019). Contamination of roadside soil, plants and air with heavy
metals in Jordan, a comparison study. Turkish Journal of Chemistry, 23: 209-220

Jarup, L. (2003). Hazards of heavy metal contamination. British medical bulletin, 68(1), 167-182.

Jia, L., Yonghua, L. and Yang, L. (2020). Heavy metals in soil and crops of an intensively
farmed area: Case study in Yucheng City, Shandong province, China. International
Journal of Environmental Research and Public Health, 7: 395-412.

John, M.K., Vaiaerhoven, C.J. and Chuah, H.H. (2019). Factors affecting plant uptake and
phytotoxicity of cadmium added to soils. Environmental Science and Technology, 6(12):
1005-1009.

Jung, H.G. and Casher, M.D. (2006). Maize stem tissues: impact of development on cell wall
degradability. Crop science 46(4): 1801.

Khanna, S. and Khanna, P. (2021). Assessment of heavy metal contamination in different
vegetables grown in and around urban areas. Research Journal of Environmental
Toxicology, 5: 162-179.

Kikelomo, F.O., Stephen. M.S., Micheal, A.F., Udoka, E.O. and Toyin, Y.F. (2018). Roles of
onions and garlic extracts on cadmium — induced changes in sperm. Journal of Food and
Chemical Toxicology, 46: 3604-3611.

Kurian, J., Esakku, S., Palanivelu, K. and Selvam, A. (2013). Studies on landfill mining at solid
waste dumpsites in India. Margheritadi Pula, S. Ninth International Waste Management
and Landfill Symposium, Italy Proceedings Sardinia 2003.

Laniyan, T. A., Phillips, O. K. and Elesha, L. (2021). Hazards of heavy metal contamination on
the groundwater around a municipal dumpsite in Lagos, Southwestern Nigeria.
International Journal of Engineering and Technology,11(1): 61-69.

44



Lar, U.A., Uriah, L.A., and Shehu, U. (2014). Environmental risk assessment of heavy metals
content of municipal solid waste used as organic fertilizer in vegetable gardens on the Jos
Plateau, Nigeria. American Journal of Environmental Protection,3(6-2): 1-13.

Lokeshwari, H., and Chandrappa, G.T. (2016). Heavy metals content in water, water hyacinth
and sediments of Lalbagh Tank, Bangalore (India). Journal of Environmental Sceince
and Engineering, 48(3): 183 -188.

Mamtaz, R. and Chowdhury, H. (2016). Leaching characteristics of solid waste at an urban solid
waste dumping site. Journal of Civil Engineering, 34: 71-79.

Matsuno, R. (2021). Nitrate fluctuations in tropical soils. Journal of Agricultural Science, 50:
82-92.

Mebrahtu, G. and Zebrabruk, S. (2021). Concentration of heavy metals in drinking water from
urban areas of the Tigray Region, Northern Ethiopia. Maejo. International Journal of
Science and Technology, 3: 105-121.

Mico, C., Peris, M., Sanchez and Recatala, L. (2016). Heavy metal content of agricultural soils in
a Mediterranean Semiarid area: The Segura River Valley (Alicante, Spain). Spanish
Journal of Agricultural Research, 4: 363-372.

Misra, S. and Mani, D. (2019). Soil pollution. New Delhi, India: S. B Nangia APH Publishing
Corporation. pp. 29-59.

Obasi, N.A., Akubugwo, E.I.,, Ugbogu, O.C. and Chinyere, G.C. (2021). Heavy metals
bioavailability and phyto-accumulation potentials of selected plants on burrow-pit
dumpsites in Aba and Ntigha dumpsite in Isiala Ngwa of Abia State, Nigeria, Nigerian
Journal of Biochemistry and Molecular Biology, 27(1): 27-45

Obianefo, F. U., Agbagwa, 1. O., & Tanee, F. B. G. (2017). Physicochemical characteristics of
soil from selected solid waste dump sites in Port Harcourt, Rivers State, Nigeria. Journal
of Applied Sciences and Environmental Management, 21(6), 1153 — 1156

Obute, C.C., Ndukwu, B.C and Eze, E. (2010). Changes in species diversity and
physicochemical properties of plants in abandoned dumpsites in parts of Port Harcourt,
Nigeria. Scientia Africana 9(1): 181 - 193

Odukoya, A.M. (2020). Contamination assessment of toxic elements in the soil within and
around two dumpsites in Lagos, Nigeria. Ife Journal of Science, 17(2): 351 — 361.

Ogunyemi, S., Awodoyin, R.O. and Opadejil, T. (2013). Urban agricultural production: Heavy
metal contamination of Amaranthus cruenties L. grown on domestic refuse landfill soil in
Ibadan, Nigeria. Emirates Journal of Agricultural Sciences, 15: 87-94.

Ogwueleka, T.C. (2013). Analysis of urban soild waste in Nsukka, Nigeria. Journal of Solid
Waste Technology and Management, 29(4): 239 — 246.

Okoronkwo, N.E., Odemelam, S.A. and Anon, O.A. (2016). Levels of Toxic Elements in soils of
abandoned Waste Dumpsites. Journal of Environmental Pollution, 5(13): 1241-1244.

45



Olanipekun, E.O. and Fagbote, E.O. (2020). Speciation of heavy metals in soil of bitumen
deposit impacted area of western Nigeria. European Journal of Scientific Research, 47(2):
265-277.

Orisakwe, O.E., Kanayochukwu, N.J., Nwadiuto, A.C., Daniel, D. and Onyinyechi, O. (2021).
Evaluation of potential dietary toxicity of heavy metals of vegetables. Journal of
Environment Analytical Toxicology, 2: 136.

Osakwe S.A. and Otuya, O.B. (2018). Elemental composition of soils in some mechanic
dumpsites in Agbor, Delta state, Nigeria. Chemical Society of Nigeria. 31st Annual
International Conference and Exhibition. Deltachem 2008 Conference Proceedings. pp.
557 — 559.

Osazee, O.J., Obayagbona, O.N., Daniel. E.O. (2013). Microbiology and physicochemical
analyses of top soils obtained from four municipal waste dumpsite in Benin City, Nigeria.
International Journal of Microbiology and mycology, 1(1): 23-30.

Oyelola, O.T., Babatunde, A.l. and Odunlade, A.K. (2019). Phytoremediation of metals from
contaminated soil using Lycopericum esculentum (Tomato) Plant. International Journal
of Pure and Applied Science, 3(2): 44-48.

Puyate, Y. T., Rim-Rukeh, A., and Awatefe, J. K. (2017). Metal pollution assessment and
particle size distribution of bottom sediment of Orogodo River, Agbor, Delta State,
Nigeria. Journal of Applied Science Research, 3(12), 2056-2061.

Rai, P. K., Lee, S. S., Zhang, M., Tsang, Y. F., & Kim, K. H. (2019). Heavy metals in food crops:
Health risks, fate, mechanisms, and management. Environment international, 125, 365-
385.

Raschid, A., Puls, W. and Corbilt, T. (2019). Interrelationships between biological activities, soil
properties and soil management. /n D.J. Greenland and 1. Szabolcs, eds. Soil resilience
and sustainable land use, Wallingford, UK, CAB International. pp. 309-329.

Rashid, A., Schutte, B. J., Ulery, A., Deyholos, M. K., Sanogo, S., Lehnhoff, E. A., & Beck, L.
(2023). Heavy Metal Contamination in Agricultural Soil: Environmental Pollutants
Affecting Crop Health. Agronomy, 13(6), 1521.

Sarkar, B. (2015). Heavy metals in the environment. New York, USA: Taylor and Francis. pp.
33-41.

Schult, E.E. and Kelling, K.A. (2019). Soil and applied copper. University of Wisconsin-
Madison and University of Wisconsin-Extension, Cooperative Extension. pp. 1-2.

Schulte-Schrepping, K.H. and Piscator, M. (2020). Cadmium and cadmium compounds.
Ullmann ‘s Encyclopedia of industrial chemistry.

Selinus, O. and Alloway, B. (2015). Essentials of medical geology: impact of the natural
environment. London, UK: Blackie Academic and Professional Publishers. pp. 187.

46



Shrivastav, R. (2021). Atmospheric heavy metal pollution, development of chronological records
and geological monitoring. Accessed from www.ias.ac.in.

Shirkhanloo, H., Mirzahosseini, S. A. H., Shirkhanloo, N., Moussavi-Najarkola, S. A., &
Farahani, H. (2015). The evaluation and determination of heavy metals pollution in
edible vegetables, water and soil in the south of Tehran province by GIS. Archives of
Environmental Protection, 41(2).

Silberberg, M.S. (2020). Chemistry: the molecular nature of matter and change. McGgraw hill
higher education, 2nd Edition. pp. 1000 — 1035.

Simeonov, L., Kolhubovski, M. and Simeonov, B. (2020). Environmental heavy metal pollution
and effects on child mental development. Dordrecht, Netherlands: Springer. pp. 114-115.

Singh, A., Sharma, R.K., Agrawal, M. and Marshall, F.M. (2020). Risk assessment of heavy
metal toxicity through contaminated vegetables from waste water irrigated area of
Varanasi, India. International Society for Tropical Ecology, 51: 375-387.

Smilde, C., Hackett, M. and Truong, P. (2019). The extraction by soil and absorption by plants of
applied zinc and cadmium. Plant and Soil, 143: 233 - 238.

Smith, S.R. (2019). Agricultural recycling of sewage sludge and the environment: In CAB
international WRC (Ed SR Smith), Marlow, Buckinghamshire, UK, pp. 382

Sonayei, Y., Ismail, N. and Talebi, S. (2019). Determination of heavy metals in Zayandeh road
river, Isfahan-Iran. World Applied Sciences Journal, 6: 1204-1214.

Stone, M. and Marsalek, J. (2019). Trace Metal. Waters Air soil Pollution.87: 147.

Tack, F.M.G., Callewaet, O.W.J. and Verloo, M.G. (2019). Metal solubility as a function of pH
in a contaminated, dredged sediment affected by oxidation. Environmental Pollution, 91:
199-206.

Tessier, A., Campbell, P.G., and Bisson, M. (2019). Sequential extraction procedure for the
speciation of particulate trace metals. Analytical Chemistry, 51(7), 844-851.

Tijjani, M.N., Kenneth .J, and Yoshinar, H. (2014). Environmental impact of heavy metals
distributions in water and sediments of Ogunpa River, Ibadan Area, South Western
Nigeria. Journal of Mining and Geology, 40(1): 73 - 83.

Tovide, O.0., Olowu, R.A., Moronkola, B.A., Ayejuyo, O.0. and Adeniyi, A.A. (2021).
Speciation of heavy metals (Cd and Pb) of some dumpsite soil in Lagos state, Nigeria

using atomic absorption spectrophotometry. Advanced Applied Science and Resources,
2(6): 247 - 253.

Tripathi, A. and Misra, D. (2021). A study of physicochemical properties and heavy metals in
contaminated soils of municipal waste dumpsites at Allahabad, India. International
Journal of Environmental Sciences.2(4): 2024-2034.

47



Uba, S., Uzairu, A., Harrison, G.F.S., Balarabe, M.L. and Okunola, O.J. (2018). Assessment of
heavy metals bioavailability in dumpsites of Zaria metropolis, Nigeria African Journal of
Biotechnology, 7(2): 122-130.

Udosen, E.D., Benson, N.U., Essien, J.P. and Ebong, G.A. (2016). Relation between aqua-ragia
extractable heavy metals in soils and Manihot utilisima within municipal dumpsites.
International Journal Soil of Science, 1: 27-32.

UNDP (2016). Practical Action. Technology Challenging Poverty. United Nation Development
Programme Report.

Uzairu, A., Uba, S., Sallau, M.S., Abba, H and Okunola, J.O., (2013). Seasonal fractionation of
metals in some dumpsite soils in Zaria metropolis, Nigeria. Journal of Environment and
earth Science 2(3): 2224 - 3216

Van, N. & Kirivolutsky, O. (2019). Bioindicator systems for soil pollution. Dordrecht,
Netherlands: Kluwer Academic Publishers. pp. 1-8.

Vaskorg, M., Venkateswaran, P., Vellaichamy, S. and Palanivelu, K, (2020). Speciation of heavy
metals in electroplating industry sludge and wastewater residue using inductive coupled
plasma. International Journal of Environment and Science Technology, 4(4): 497 — 504.

Wieczorek, J., Wieczorek, T. and Bieniaszewski, T. (2014). Cd and lead content in cereal grains
and soil from cropland adjacent to roadways. Polish Journal of Environmental Studies,
14: 535- 540.

Wong, C.S.C., Li, X.D., Zhang, G., Qi, S.H. and Peng, X.Z (2013). Atmospheric depositions of
heavy metals in the Pearl River Delta, China. Atmosphere and Environment, 37: 767-776.

World Health Organization (WHO) (1996). Permissible Limits of heavy metals in soil and plants
(Geneva: World Health Organization), Switzerland.

World Health Organization (WHO) (2020). Guidelines for Drinking Water Quality, 3rd Edition.
Vol. 1 Recommendation, Geneva. pp. 515.

Yusuf, A.A., Arowolo, T.A. and Bamgbose, O. (2013). Cadmium, Copper and Nickel levels in
vegetables from industrial and residential areas of Lagos City, Nigerian. Food Chemical
Toxicology, 41: 285-291.

Zhao, H., Wu, Y., Lan, X, Yang, Y., Wu, X., & Du, L. (2022). Comprehensive assessment of
harmful heavy metals in contaminated soil in order to score pollution level. Scientific
reports, 12(1), 3552.

Zukowska, J. and Biziuk, M. (2008). Methodological evaluation of method for dietary heavy
metal intake. Journal of Food Science, 73(2): 21-29.

48



