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ABSTRACT 

This study investigates the distribution pattern and variation of heavy metals in 

roadside along Okigwe metropolis, Imo State South-East Nigeria. Determination of 

the heavy metals (Cd, Mn, Pb, As, Cr, Fe and Zn) were done using Atomic Absorption 

Spectrophotometer (AAS) and X-ray Fluorescence (XRF). The results indicated that 

there are heavy metal concentrations in Okigwe metropolis. The mean concentrations 

of  Cd, Mn, Pb, As, Cr, Fe, and Zn in rainy season were 0.2863, 1.3876, 0.4775, 

4.5138, 0.2720, 9.0795 and 0.4484 mg/kg respectively. While the mean 

concentrations of Cd, Mn, Pb, As, Cr, Fe, and Zn in dry season were 0.3959, 3.0005, 

0.5075, 4.8287, 0.8461, 8.6390 and 1.116 mg/kg respectively for AAS. Also the mean 

concentration of heavy metals with XRF were 0.1000, 15.9000, 14.0625, 6.6125, 

23.7750, 43455.0000 and 5.4200 for rainy season and 0.1000, 17.0000, 14.9375, 

7.4500, 24.1375, 44355.0000 and 6.290 for dry season. The mean concentration levels 

of the metals in roadside were comparable to those of other studies. Also, the result 

of the control analysis showed that the concentrations of the heavy metals at the 

roadsides were much higher than the control sample. The ANOVA analysis revealed 

a significant difference in the mean level of heavy metal concentrations in rainy and 

dry seasons by AAS (𝐹 = 32.990; 𝐹 = 18.428, 𝑃 < 0.05) and XRF (𝐹 =
57.992; 𝐹 = 57.266, < 0.05). From the results, it was observed that samples 

analyzed with XRF have higher concentration than those of AAS. It was 

recommended therefore among others that an extensive awareness campaign on the 

adverse effect of pollution on the environment and the populace should be carried out.  
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CHAPTER ONE 

  INTRODUCTION  

In small concentrations, some heavy metals are nutritionally essential for animals’ 

health. They are referred to as the trace elements. Examples include iron, copper, 

manganese, and zinc (Banfalvi, 2011). These elements, or their compounds, are 

commonly found naturally in foodstuffs, in fruits and vegetables, and in commercially 

available multivitamin products. The scientific world has no widely accepted 

definition for 'heavy metal'. However, Heavy metal is a term commonly adopted as a 

group name for the metals that are associated with pollution and toxicity but also 

includes some elements which are essential for living organisms at low 

concentrations. The main elements usually considered as heavy metals include: 

Arsenic (As), Antimony (Sb), Cadmium (Cd) Copper (Cu, Chromium (Cr), Cobalt 

(Co), Gold ( Au), Lead (Pb), Mercury (Hg), Manganese(Mn), Selenium (Se), Silver 

(Ag), Thallium (Ti), Uranium (U), Vanadium (V) and Zinc (Zn) (Srivastava and 

Goyal, 2010). Among these heavy metals, some have been found to be of greatest 

hazard to plants, animals and microorganisms and have been listed by the European 

commission. They include Arsenic, Mercury, Cadmium, Chromium, Copper, Lead, 

Nickel and Zinc. Heavy metals like iron, tin, copper, manganese and vanadium occur 

naturally in the environment and could serve as plant nutrients depending on their 

concentrations (Banfalvi, 2011). 
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It is generally accepted that the term 'heavy' refers to metals with a specific gravity 

that is at least 5 times the specific gravity of water. The specific gravity of water is 1 

at 4°C (39°F). Simply stated, specific gravity is a measure of the density of a given 

amount of a solid substance when it is compared to an equal amount of water. In 

general terms, a 'heavy metal' has a specific weight higher those 8 grams per cubic 

centimetre (g/cm3). In small quantities, certain heavy metals are nutritionally essential 

for a healthy life. Some of these are referred to as the trace elements (e.g., iron, copper, 

manganese, and zinc). These elements, or some form of them, are commonly found 

naturally in foodstuffs, in fruits and vegetables, and in commercially available 

multivitamin products (International Occupational Safety and Health Information 

Centre 1999). Heavy metals are also common in industrial applications such as in the 

manufacture of pesticides, batteries, alloys, electroplated metal parts, textile dyes, 

steel, and so forth (International Occupational Safety and Health Information Centre 

1999). Many of these products are in our homes and actually add to our quality of life 

when properly used. Heavy metals become toxic when they are not metabolized by 

the body and accumulate in the soft tissues. Heavy metals may enter the human body 

through food, water, air, or absorption through the skin when they come in contact 

with humans in agriculture and in manufacturing, pharmaceutical, industrial, or 

residential settings. Children may develop toxic levels from the normal hand-to-

mouth activity of small children who come in contact with contaminated soil or by 

actually eating objects that are not food (dirt or paint chips) (Dupler, 2001). Heavy 
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metals usually occur in soil at low concentration as a result of weathering and other 

pedigenic processes acting as the parent materials on which the soil develops. The 

natural occurrence of heavy metals varies between rock types and certain bed-rocks 

which provide exceptionally high metal concentration to overlying soils. Soils are 

clearly of enormous environmental importance, being the media that support virtually 

all plants life; hence their potential for environmental pollution requires attention. 

(Adewuyi et al., 2010; Dudka  et al., 1996). Roads are important infrastructure that 

plays a major role in stimulating social and economic activities. However, road 

construction has also resulted in heavy environmental pollution (Bai et al., 2008). 

Several researchers have indicated the need for a better understanding of trace metal 

pollution of roadside soils (De Kimple and Morel, 2000; Manta et al., 2002).  Trace 

metals in roadside soils may come from various human activities, such as industrial 

and energy production, construction, vehicle exhaust, waste disposal, as well as coal 

and fuel combustion (Li et al., 2001). According to Adefolalu (1980) and Mabogunje 

(1980), in developing countries like Nigeria, improved road accessibility creates a 

variety of ancillary employment which range from vehicle repairs, vulcanizer and 

welders to auto-electricians, battery chargers and dealers in other facilitators of motor 

transportation. These activities send trace metals into the air and the metals 

subsequently are deposited into nearby soils, which are absorbed by plants on such 

soils. Sakagami et al, (1982) reported that there was a close relationship between trace 

metal concentration in roadside soil and those in the dust falls. Trace metals in the 
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soils can also generate airborne particles and dusts, which may affect the air quality 

(Gray et al., 2003). Among the numerous environmental pollutants, an important role 

is ascribable to heavy metals whose concentration in soils, water and air are 

continuously increasing in consequence of anthropogenic activity. 

However, Roadside soils often contain high concentrations of metallic contamination. 

The bioavailability and environmental mobility of the metals are dependent upon the 

form in which the metal is associated with the soil. Lead street dust and roadside soil 

has been extensively studied, and found to be present at elevated Levels (Page et al., 

1971, Goldsmith et al., 1976, 1980, Ho et al., 1988). The lead in roadside soil is 

mainly found in the form of lead sulphate (Harrison et al., 1980). Little interest has 

been focused on the contamination of roadside soil by other heavy metals. Metals, 

such as Cu, Fe, Zn, and Cd are essential components of many alloys, wires, tires and 

many industrial processes, and could be released into the roadside soil and plants as 

a result of mechanical abrasion and normal wear. Analyses of roadside soil (Harrison 

et al., 1980., Cool et al., 1980, Hewitt et al.,   1990) and plants revealed that they 

contain elevated levels of these heavy metals. Toxicities of some heavy metals to man 

and animals are well known and were published some years ago (World Health 

Organization Health hazards of the human environment", Geneva, (WHO, 1972). Of 

all the toxic metals in the environment, lead is by far the one of most concern; it 

poisons many thousands of people annually, especially children in urban areas (Spiro 

et al., 1996). Environmental pollution by heavy metals, even if it is at low 
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concentrations and the long- term cumulative health effects that go with it, is of major 

health concerns all over the world. Heavy  metals  occur  naturally  in  the  ecosystem  

with  large  variations  in  concentrations.   In modern times, anthropogenic sources 

of heavy metals, i.e. pollutions from the activities of humans, have introduced some 

of these heavy metals into the ecosystem.  Heavy metal contamination of soil results 

from anthropogenic such as mining (Navarro et al., 2008.) smelting procedures 

(Brumelis et al., 1999.) and Agriculture  (Vaalgamaa and Conley, 2008.) as well as 

natural activities. Chemical and metallurgical industries are the most important 

sources of heavy metals in the environment (Cortes et al., 2003). Heavy metals get 

accumulated in time in soils and plants and could have a negative influence on 

physiological activities of plants (e.g. photosynthesis, gaseous exchange, and nutrient 

absorption), determining the reductions in plant growth, dry matter accumulation and 

yield (Devkota and Schmidt, 2000, Baker, 1981) in small concentrations, the traces 

of the heavy metals in plants or animals are not toxic (Devries et al., 2007) lead, 

cadmium and mercury are exceptions; they are toxic even in very low concentrations 

(Galas-gorchev,1991). The term “heavy metals” refers to any metallic element that 

has a relatively high density and is toxic or poisonous even at low concentration 

(Lenntech, 2004). Heavy metals have a density of 6.0 g/cm3 or more (much higher 

than the average particle density of soils which is 2.65 g/cm3) and occur naturally in 

rocks but concentrations are frequently elevated as a result of contamination (Asio, 

2009). The most important heavy metals with regard to potential hazards and 
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occurrence in contaminated soils are: arsenic (As), cadmium (Cd), chromium (Cr), 

mercury (Hg), lead (Pb) and zinc (Zn). The sources of heavy metal pollutants are 

metal mining, metal smelting, metallurgical industries, and other metal-using 

industries, waste disposal, corrosions of metals in use, agriculture and forestry, 

forestry, fossil fuel combustion, and sports and leisure activities. Heavy metal 

contamination affects large areas worldwide. Hot spots of heavy metal pollution are 

located close to industrial sites, around large cities and in the vicinity of mining and 

smelting plants. Agriculture in these areas faces major problems due to heavy metal 

transfer into crops and subsequently into the food chain (Asio, 2009).  

Table 1.1:  Heavy Metals and Their Physical Properties 

S/N Name Symbol Atomic number Density Possible Oxidation States 

1 Arsenic As 74.922 5.77 +3, +5 

2 Lead Pb 207.19 11.84 +2, +4 

3 Mercury Hg 200.59 13.53 +1, +2 

4 Cobalt Co 58.933 8.90 -1, 0, +1, +2, +3, +4 

5 Chromium Cr 51.996 7.14 -2, -1,  0, +1, +2, +3, +4, +5, +6 

6 Cadmium Cd 112.40 8.65 +2 

7 Nickel Ni 58.71 8.91 -1, 0, +1, +3, +4, 

8 Antimony Sb 121.75 6.70 +3, +5 

9 Aluminum Al 26.982 2.70 +3 

10 Copper Cu 63.54 8.95 +1, +2,  

11 Iron Fe 55.847 7.87 0, +2, +3, +4, +5, +6 

12 Zinc Zn 65.37 7.14 +2 
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13 Manganese Mn 54.938 7.43 -1, 0, +1, +2, +3, +4, +5, +6, +7 

14 Molybdenum Mo 94.94 10.28 -2, -1, 0, +1 +2, +3, +4, +5, +6, 

15 Vanadium V 50.942 6.11 -1, 0, +1, +2, +3, +4 

16 Strontium Sr 87.62 2.63 +2 

17 Selenium Se 78.62 4.14 -2, +2, +4, +6 

 

 

 

1.1 Sources of Heavy Metals in Nigerian Environment 

Heavy metals can generally be introduced into the environment and consequently 

living organisms through air, water, food or soil (Ayodele and Abubakar, 2001; Ibeto 

and Okoye, 2010). However, the degree of concentration and reconcentration depend 

on the type of heavy metals and the activities taken place in a particular area. In 

Nigeria today several ways were identified through which specific heavy metal can 

be transmitted to living species. Continuous use of leaded gasoline contributed greatly 

to the number of cases of childhood lead poisoning.  

The major heavy metal cases in Nigeria were believed to be associated with lead 

poisoning. They are mostly severe in young children because their brains and central 

nervous systems are still being formed. Learning disability, stunted growth, poor brain 

sensation, behavioural problems, kidney damage and impaired hearing are associated 

with low level of exposure. High concentrations of lead in the body can result to 

mental retardation, coma and eventual death. Reported symptoms include constant 
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headache, loss of appetite, vomiting, nausea, irritability and/or behavioural problem. 

Mercury exposure in young children can have sense neurological consequences, 

preventing sheaths from forming properly. It damages the central nervous systems, 

endocrine system, kidneys and other organs. Exposure over long period of time results 

to death. The element and its compounds are toxic to foetuses and infants. Women 

who have been exposed to mercury in pregnancy have sometimes given birth to 

children with serious birth defects (Galadima and Garba, 2011). However, numerous 

studies revealed that, the initiative is just on paper (Orisakwe, 2009) due to 

government negligence. The consequences have been severe environmental 

problems. Upon the combustion of the leaded petrol in the engine, the organic lead is 

oxidized to lead oxide (equation 1). 

ie.  2Pb (C2H5)4 + 27O2 → 2PbO + 16CO2 + 20H2O (1) 

The lead oxide formed reacts with the halogen carriers to form lead halides like PbCl2, 

PbBr2, or PbClBr, which escape in to the air through vehicles exhaust pipes. About 

80% of lead in petrol was noticed to escape. Lead pollution from automobile 

emissions in Nigeria had been extensively studied and documented in various 

Nigerian and international publications. Nriagu et al., (1997) investigated blood lead 

levels in 87 children aged 1-6 years from Kaduna state. An average of 10.6μg/dl was 

found, with some children having up to 30μg/dl. The values exceed the maximum 

allowed limit of 10 μg/dl recommended by Centre for Disease Control (CDC) and 

correlated linearly with the distance of house from highly trafficking roads, as well 
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as, whether a family owns a car or not. At the beginning of 21st century Federal 

Environmental Protection Agency (FEPA) of Nigeria examined the lead 

concentrations in soils from roads, markets and motor parks of Lagos, Aba, Abuja, 

Ibadan, Kaduna and Port Harcourt. Human beings, animals and soil are the ultimate 

recipients of the lead particulate. It sometimes exists in soil as lead (II) sulphate 

(PbSO4). Concentrations of about 100 to 1000 ppm have been recorded depending on 

the nature of the activities, carried out in a particular area (Galadima et al., 2010; 

Garba et al., 2010). Other anthropogenic sources include mining and metallurgic 

industries, manufacture of batteries, sheet, ammunition, pipe, cable sheeting, solder, 

saint and trash incineration. The principal route of exposure for people in the general 

population is food and lead in contaminated drinking water, working and hand to 

mouth activities of young children living in polluted environments and the lead dust 

brought home by industrial workers on their clothes and shoes.A toxic heavy metal is 

any relatively dense metal or metalloid that is noted for its potential toxicity, 

especially in environmental contexts (Srivastava and Goyal., 2010, ). The term has 

particular application to cadmium, mercury, lead and arsenic (Brathwaite and  

Rabone, 1985) all of which appear in the World Health Organization's list of 10 

chemicals of major public concern(World Health Organization, 2015). Toxic heavy 

metals are found naturally in the earth, and become concentrated as a result of human 

caused activities. They enter plant, animal and human tissues via inhalation, diet and 

manual handling, and can bind to, and interfere with the functioning of vital cellular 

https://en.wikipedia.org/wiki/Metal
https://en.wikipedia.org/wiki/Metalloid
https://en.wikipedia.org/wiki/Toxic_heavy_metal#Sriv
https://en.wikipedia.org/wiki/Cadmium
https://en.wikipedia.org/wiki/Mercury_(element)
https://en.wikipedia.org/wiki/Lead
https://en.wikipedia.org/wiki/Arsenic
https://en.wikipedia.org/wiki/Toxic_heavy_metal#Brath
https://en.wikipedia.org/wiki/Toxic_heavy_metal#Brath
https://en.wikipedia.org/wiki/World_Health_Organisation
https://en.wikipedia.org/wiki/Toxic_heavy_metal#WHO2015
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components. The toxic effects of arsenic, mercury and lead were known to the 

ancients but methodical studies of the toxicity of some heavy metals appear to date 

from only 1868. In humans, heavy metal poisoning is generally treated by the 

administration of chelating agents. Some elements regarded as heavy metals are 

essential, in small quantities, for human health. 

  

Fig 1.1: Contamination sources 0f heavy metal 

Tetraethyl lead is one of the most significant toxic heavy metal contaminants in recent 

use (Wright 2002, p.288). Toxic heavy metals are found naturally in the earth, and 

become concentrated as a result of human caused activities. Common sources are 

from mining and industrial wastes; vehicle emissions; lead-acid batteries; fertilizers; 

paints; treated woods; and aging water supply infrastructure(Harvey etal., 2015) 

Arsenic, cadmium and lead may be present in children's toys at levels that exceed 

regulatory standards. Lead can be used in toys as a stabilizer, color enhancer, or anti-

corrosive agent. Cadmium is sometimes employed as a stabilizer, or to increase the 

https://en.wikipedia.org/wiki/Chelation
https://en.wikipedia.org/wiki/Tetraethyl_lead
https://en.wikipedia.org/wiki/Toxic_heavy_metal#Wright
https://en.wikipedia.org/wiki/Lead%E2%80%93acid_battery
https://en.wikipedia.org/wiki/Toxic_heavy_metal#Harvey
https://en.wikipedia.org/wiki/Stabilizer_(chemistry)
https://en.wikipedia.org/wiki/File:Tetraethyllead-3D-balls.png


22 

 

mass and luster of toy jewelry. Arsenic is thought to be used in connection with 

coloring dyes (Finch etal., 2015). Lead is the most prevalent toxic heavy metal 

contaminant (Di-Maio, 2001). As a component of tetraethyl lead, (CH3CH2)4Pb, it 

was used extensively in gasoline during the 1930s–1970s (Lovei, 1998). Lead levels 

in the aquatic environments of industrialized societies have been estimated to be two 

to three times those of pre-industrial levels (Perry and Vanderklein, 1996). Although 

the use of leaded gasoline was largely phased out in North America by 1996, soils 

next to roads built before this time retain high lead concentrations. Lead (from lead 

azide or lead styphnate used in firearms) gradually accumulates at firearms training 

grounds, contaminating the local environment and exposing range employees to a risk 

of lead poisoning(Houlton, 2014). 

 

 

1.2 Human Health Effects of Heavy Metals 

Heavy metals are individual metals and metal compounds that can impact human 

health. Some common heavy metals and their effects are discussed here. These are all 

naturally occurring substances which are often present in the environment at low 

levels. In larger amounts, they can be dangerous. 

https://en.wikipedia.org/wiki/Toxic_heavy_metal#Finch
https://en.wikipedia.org/wiki/Toxic_heavy_metal#Di_Maio
https://en.wikipedia.org/wiki/Tetraethyl_lead
https://en.wikipedia.org/wiki/Gasoline
https://en.wikipedia.org/wiki/Toxic_heavy_metal#Lovei
https://en.wikipedia.org/wiki/Toxic_heavy_metal#Perry
https://en.wikipedia.org/wiki/Lead_azide
https://en.wikipedia.org/wiki/Lead_azide
https://en.wikipedia.org/wiki/Lead_styphnate
https://en.wikipedia.org/wiki/Lead_poisoning
https://en.wikipedia.org/wiki/Toxic_heavy_metal#Houlton
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Generally, humans are exposed to these metals by ingestion (drinking or eating) or 

inhalation (breathing). Working in or living near an industrial site which utilizes these 

metals and their compounds increases ones risk of exposure, as does living near a site 

where these metals have been improperly disposed. Subsistence lifestyles can also 

impose higher risks of exposure and health impacts because of hunting and gathering 

activities. Below are some heavy metals and their effect on human health. 

Arsenic: Aside from occurring naturally in the environment, arsenic can be released 

in larger quantities through volcanic activity, erosion of rocks, forest fires, and human 

activity. The wood preserving industry uses about 90% of the industrial arsenic in the 

U.S. Arsenic is also found in paints, dyes, metals, drugs, soaps and semi-conductors. 

Animal feeding operations and certain fertilizers and pesticides can release high 

amounts of arsenic to the environment as can industry practices such as copper or lead 

smelting, mining, and coal burning (Matschullat, 2000). 

Health effects: Arsenic is odorless and tasteless. Inorganic arsenic is a known 

carcinogen and can cause cancer of the skin, lungs, liver and bladder. Lower level 

exposure can cause nausea and vomiting, decreased production of red and white blood 

cells, abnormal heart rhythm, damage to blood vessels, and a sensation of “pins and 

needles” in hands and feet. Ingestion of very high levels can possibly result in death. 

Long-term low level exposure can cause a darkening of the skin and the appearance 

of small “corns” or “warts” on the palms, soles, and torso.  
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Regulatory limits: Environmental Protection Agency (EPA) - 0.01 parts per million 

(ppm) in drinking water. Occupational Safety and Health Administration (OSHA) - 

10 micrograms per cubic meter of workplace air (10 μg/ m3) for 8 hour shifts and 40 

hour work weeks (Gibaud, etal 2010). 

Cadmium: Cadmium is a very toxic metal. All soils and rocks, including coal and 

mineral fertilizers, contain some cadmium. Cadmium has many uses, including 

batteries, pigments, metal coatings, and plastics. It is used extensively in 

electroplating (Hetherington, 2008). 

Health effects: Cadmium and cadmium compounds are known human carcinogens. 

Smokers get exposed to significantly higher cadmium levels than non-smokers. 

Severe damage to the lungs may occur through breathing high levels of cadmium. 

Ingesting very high levels severely irritates the stomach, leading to vomiting and 

diarrhea. Long-term exposure to lower levels leads to a buildup in the kidneys and 

possible kidney disease, lung damage, and fragile bones (Hogan, 2010). 

Regulatory limits: EPA – 5 parts per billion (ppb) or 0.005 parts per million (ppm) 

of cadmium in drinking water. Food and Drug Administration (FDA) – concentration 

in bottled drinking water should not exceed 0.005 ppm (5 ppb). OSHA – an average 

of 5 micrograms per cubic meter of workplace air for an 8-hour workday, 40-hour 

work week. 

Chromium: Chromium is found in rocks, animals, plants, and soil and can be a liquid, 

solid, or gas. Chromium compounds bind to soil and are not likely to migrate to 
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ground water but, they are very persistent in sediments in water. Chromium is used in 

metal alloys such as stainless steel; protective coatings on metal (electroplating); 

magnetic tapes; and pigments for paints, cement, paper, rubber, composition floor 

covering and other materials. Its soluble forms are used in wood preservatives (Kotas, 

2000).  

Health effects: Chromium (VI) compounds are toxins and known human 

carcinogens, whereas Chromium (III) is an essential nutrient. Breathing high levels 

can cause irritation to the lining of the nose; nose ulcers; runny nose; and breathing 

problems, such as asthma, cough, shortness of breath, or wheezing. Skin contact can 

cause skin ulcers. Allergic reactions consisting of severe redness and swelling of the 

skin have been noted. Long term exposure can cause damage to liver, kidney 

circulatory and nerve tissues, as well as skin irritation (Bona etal, 2011). 

Regulatory limits: EPA– 0.1 ppm (parts per million) in drinking water. FDA – 

should not exceed 1 milligram per liter (1 ppm) in bottled water. OSHA – an average 

of between 0.0005 and 1.0 milligram per cubic meter of workplace air for an 8-hour 

workday, 40-hour workweek, depending on the compound (Bona etal, 2011). 

Lead: As a result of human activities, such as fossil fuel burning, mining, and 

manufacturing, lead and lead compounds can be found in all parts of our environment. 

This includes air, soil, and water. Lead is used in many different ways. It is used to 

produce batteries, ammunition, metal products like solder and pipes, and X-ray 

shielding devices. Lead is a highly toxic metal and, as a result of related health 
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concerns (see below), its use in several products like gasoline, paints, and pipe solder, 

has been drastically reduced in recent years. Today, the most common sources of lead 

exposure in the United States are lead-based paint and possibly water pipes in older 

homes, contaminated soil, household dust, drinking water, lead crystal, lead in certain 

cosmetics and toys, and lead-glazed pottery (Rossi, 2008). 

Health effects: EPA has determined that lead is a probable human carcinogen. Lead 

can affect every organ and system in the body. Long-term exposure of adults can 

result in decreased performance in some tests that measure functions of the nervous 

system; weakness in fingers, wrists, or ankles; small increases in blood pressure; and 

anemia. Exposure to high lead levels can severely damage the brain and kidneys and 

ultimately cause death. In pregnant women, high levels of exposure to lead may cause 

miscarriage. High level exposure in men can damage the organs responsible for sperm 

production (Sanborm, 2001). 

Regulatory limits: EPA – 15 parts per billion (ppb) in drinking water, 0.15 

micrograms per cubic meter in air. 

Mercury (Hg): This heavy metal is toxic even at low concentrations to a wide range 

of organisms including humans. The organic form of mercury can be particularly 

toxic, and the methyl-and ethyl-forms have been the cause of several major epidemics 

of poisoning in humans resulting from the ingestion of contaminated food, e.g. fish. 

Two major epidemics in Japan were caused by the release of methyl and other 

mercury compounds from an industrial site followed by accumulation of the 
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chemicals in edible fish. The poisoning became well-known as Minamata

 disease. 

Nickel (Ni): Nickel occurs in the environment only at very low levels. Humans use 

nickel for many applications like the use of nickel as an ingredient of steel and other 

metal products. Foodstuffs have low natural content of nickel but high amounts can 

occur in food crops growing in polluted soils. Humans may also be exposed to nickel 

by inhalation, drinking water, smoking, and eating contaminated food. Uptake of high 

quantities of nickel can cause cancer, respiratory failure, birth defects, allergies, and 

heart failure (Asio, 2009). 

 

1.3 Chemistry of Heavy Metal Pollution 

Mining activities and other geochemical processes often result in the generation of 

acid mine drainage (AMD), a phenomenon commonly associated with mining 

activities. It is generated when pyrite (FeS2) and other sulphide minerals in the aquifer 

and present and former mining sites are exposed to air and water in the presence of 

oxidizing bacteria, such as Thiobacillus ferrooxidans, and oxidised to produce metal 

ions, sulphate and acidity (Ogwuegbu and Muhanga, 2005). 

2FeS2+ 7O2 + 2H2O→ 2FeSO4 + 2H2SO4 

2FeSO4 + 2H2SO4 → Fe2 (SO4)3+ SO2 + 2H2O 

Fe2 (SO4)3 + 2FeAsS + 9/2O2 + 3H2O → 2H3AsO4 + 4FeSO4+ S 
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1.4 Background of Study 

The presence of heavy metals in the soil as a result of their uses in modern society is 

matter of ever-growing concern to scientists, politicians, authorities and the public in 

the 15 Member States of the European Union. The strategy for minimization of the 

effects of heavy metals in waste is partly to reduce today and future environmental 

and human exposure to the heavy metals in the waste, partly to reduce the content of 

heavy metals in   products marketed. 

In the Member States of the European Union, the treatment of waste is regulated by a 

number of directives, which define the scope and stipulate general rules for the 

treatment of waste containing heavy metals. In the aim of increasing the recycling of 

materials, among these heavy metals, regulation of the treatment of composite waste 

products as electronics, vehicles and batteries has been put into force (or are at the 

stage of proposal). Among Member States, there are significant differences in attitude 

as to the necessity of further reduction of the content of heavy metals in products and 

waste. 

 

1.5  Aims and Objectives of Study 

The aim of this study is to assess the distribution pattern and variation of selected 

heavy metals in the study area. 

 

The specific objectives were  
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1.  To determine the mean level of heavy metal concentration in Okigwe 

Metropolis by season using AAS. 

2.  To determine the mean level of heavy metal concentration in Okigwe 

Metropolis by season using XRF. 

3.  To compare the mean level of heavy metal concentrations in rainy and dry 

seasons by AAS. 

4.  To compare the mean level of heavy metal concentrations in rainy and dry 

seasons by XRF. 

1.6 Research Hypotheses.  

1.   There is no significant difference in the mean level of heavy metal concentrations 

in rainy and dry seasons by AAS.  

2.   There is no significant difference in the mean level of heavy metal concentrations 

in rainy and dry seasons by XRF. 

1.7 Significance of Study 

The research will help to establish data on the level of the heavy metal pollution of 

Okigwe area. It will also help the State Government in their decision making In terms 

of industrialization policies. It will serve as awareness to the surrounding industries 

on the negative health and environmental impact of heavy metal pollution in recent 

time. 

1.8 Scope of Study   
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This study involved investigation of distribution pattern and variation of Cd, Pb, Cr, 

Mn, As, Zn and Fe on roadside soil of Okigwe Metropolis in Imo State,  Nigeria, with 

a sequential extraction procedure in the dry season (Jan - March) and rainy season 

(May - July ) of year 2013. Heavy metals were analyzed using atomic absorption 

spectrometer (FS240AA Agilent model). Similarly X-Ray Fluorescence (11001700 

XRF XEPOS 03 STD GAS) instrument were used to analyse the same samples to 

authenticate the results from AAS.  

1.9 Limitation of Study 

 This study investigates the distribution pattern and variation of heavy metals such as 

Arsenic, Cadmium, Lead, Manganese, Zinc, Chromium and Iron from vehicular 

pollution and emission from other anthropogenic activities on soil around Okigwe in 

the rainy and dry season using two standard analytical instruments. 

 

 

CHAPTER TWO 

LITERATURE REVIEW 

Giller et al., (1998) examined toxicity of heavy metals to microorganisms and 

microbial processes in agricultural soils. Based on the study, an increasing body of 

evidence suggests that microorganisms are far more sensitive to heavy metal stress 

than soil animals or plants growing on the same soils. Not surprisingly, most studies 

of heavy metal toxicity to soil microorganisms have concentrated on effects where 

http://www.sciencedirect.com/science/article/pii/S0038071797002708
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loss of microbial function can be observed and yet such studies may mask underlying 

effects on biodiversity within microbial populations and communities. The types of 

evidence which are available for determining critical metal concentrations or loadings 

for microbial processes and populations in agricultural soil are assessed, particularly 

in relation to the agricultural use of sewage sludge. Much of the confusion in deriving 

critical toxic concentrations of heavy metals in soils arises from comparison of 

experimental results based on short-term laboratory ecotoxicological studies with 

results from monitoring of long-term exposures of microbial populations to heavy 

metals in field experiments. The laboratory studies in effect measure responses to 

immediate, acute toxicity (disturbance) whereas the monitoring of field experiments 

measures responses to long-term chronic toxicity (stress) which accumulates 

gradually. Laboratory ecotoxicological studies are the most easily conducted and by 

far the most numerous, but are difficult to extrapolate meaningfully to toxic effects 

likely to occur in the field. Using evidence primarily derived from long-term field 

experiments, a hypothesis is formulated to explain how microorganisms may become 

affected by gradually increasing soil metal concentrations and this is discussed in 

relation to defining “safe” or “critical” soil metal loadings for soil protection. 

Oliveira and Pampulha, (2006) investigated the effects of long-term heavy metal 

contamination on soil microbial characteristics. In this study, total heavy metal 

content and its effects on soil microbiological characteristics were investigated in soil 

samples from an area with known long-term pollution problems. The total heavy 

http://www.sciencedirect.com/science/article/pii/S1389172306706454
http://www.sciencedirect.com/science/article/pii/S1389172306706454
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metal concentrations of contaminated soil samples were 109 and 1558 mg/kg for Hg 

and As, respectively. Key microbiological parameters measured included 

dehydrogenase activity, ATP content and number of culturable aerobic bacteria, 

actinomycetes, fungi and asymbiotic nitrogen-fixers. Quantitative analysis of soil 

microbial populations shows a marked decrease in total culturable numbers of the 

different microbial groups of the contaminated soil samples. Certain groups of soil 

microbes were particularly sensitive to long-term contamination (asymbiotic 

nitrogen-fixers and heterotrophic bacteria). Dehydrogenase activity was found to be 

a sensitive assay for determining the effect of heavy metals on physiologically active 

soil microbial biomass and sustains the high applicability of this parameter for soil 

ecotoxicological testing as reported by other authors. 

Gobo et al., (2014) examined effect of heavy metals in municipal wastes leachates on 

soil microorganisms in Obio Akpor, Nigeria. Soil Samples from three municipal 

dumpsites in Obio Akpor Local Government Area (Alakahia, Ada George, off  Iwofe 

Rd and Nsirim by OCC park dumpsites) with control sites 100m from the dumpsites 

were collected at two depths (0-15 and 15-30cm) and analyzed for heavy metals: lead 

(Pb), cadmium (Cd), copper(Cu) and zinc(Zn) and also microbial (fungal and 

bacteria) population. The metals were detected in all the samples though in trace 

amount except for Zn which was in higher quantity especially for samples collected 

at the Ada George dumpsite at the 0-15cm depth. Cadmium had the least occurrence 

in all the samples with a negative mean range for most of the samples. For the micro 
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organisms, the bacteria species Baccillus was common in all the soil samples from 

OCC at 15-30cm depth having the highest >300 and Alakahia control the lowest 4 

×10-5.For the fungal species yeast was present in all the samples, the highest 

population also was in the OCC dumpsite, 120×10-3 and the lowest population in the 

Ada George control at 15-30cm, 6×10-3.All the detected elements were well below 

the contamination and toxicity level in the soil and so may not have had any adverse 

effect on these microbial communities under study. Further studies in the greenhouse 

with chemicals containing heavy metals and isolated micro-organisms from 

municipal dumpsites are warranted. 

  

Ofoegbu et al., (2013) studied the effects of heavy metal pollution on the enzymatic 

activities of soils were investigated in the Ishiagu mining area of Ebonyi State, 

Nigeria. Soil dehydrogenase, polyphenol oxidase, hydrogen peroxidase, alkaline and 

acid phosphatases and urease were measured to evaluate the effects of heavy metals 

mining operations on soil  biochemical  characteristics.  Results  showed  that  the  

soil  pH  ranged  from  5.04  to  6.56  while  the  heavy metals  were  of  the  ranges:  

Pb  (13,754-29,491  mg/kg),  Zn  (1,151-2,778  mg/kg),  Cd  (17.65-27.71  mg/kg),  

Cu (9.59-39.91  mg/kg)  and  total  heavy  metals  (014,932.24-32,336.62  mg/kg).  

Soil  heavy  metals  concentrations significantly  decreased  with  the  increase  of  

distance  from  the  mining  pit  while  soil  pH  increased  with  the increase of the 

distance from the mining pit. Analysis of the soil enzyme activities indicated a 
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significant positive correlation  at  P≤  0.05  between  soil  enzyme  activities  and  

soil  pH.  On  the  contrary,  the  activities  of dehydrogenase, polyphenol oxidase, 

hydrogen peroxidase, alkaline and acid phosphatases and urease showed significant 

negative correlation at P≤ 0.05 with the heavy metal  contents except for Zn against 

dehydrogenase activity and Cd against hydrogen preoxidase and urase activities that 

were though negative but statistically not significantly correlated at P≤ 0.05. This 

showed that the activities of the enzymes analysed could   be used as sensitive 

indicators of heavy metals contamination. The results in general indicated that the 

mining operations at Ishiagu, Ebonyi State affect the soil quality due to heavy metal 

contamination. 

 

 Yu-pin et al., (2008) examined the analysis of soil heavy metal pollution and pattern 

in central transylvania. The concentration of five soil heavy metals (Pb, Co, Cr, Cu, 

Hg) was measured in forty sampling sites in central Transylvania, Romania, regions 

known as centres of pollution due to the chemical and metallurgical activities. The 

soil samples were collected from locations where the ground is not sliding and the 

probability of alluvial deposits is small. The concentration of heavy metals was 

measured by using the Inductively Coupled Plasma Spectrometry method. Data were 

verified by using the Neutron Activation Analysis method. In some locations, the 

concentration for the investigated heavy metals exceeds the concentration admitted 

by the Romanian guideline. The highest concentration of lead (1521.8 ppm) and 
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copper (1197.6 ppm) was found in Zlatna. The highest concentration of chromium 

was found in Târnăveni (1080 ppm). The maximum admitted concentrations in the 

sensitive areas revealed to be exceed from five to forty times.  

Waoo et al., (2014) worked on the extraction and analysis of heavy metals from soil 

and plants in the industrial area govindpura, Bhopal. Environmental pollution with 

heavy metals is a global problem. It is present everywhere, though to different degrees 

and is specific to certain parts of the biosphere. Living organisms are not able to 

prepare and adapt rapidly to a sudden and huge environmental load with different 

toxic compounds, thus the accumulation of such toxic compounds,  

Especially of heavy metals having highly hazardous effect, can cause undesirable 

changes in the biosphere with hazardous consequences. In this investigation, soil 

samples were collected from industrially contaminated soils of industrial area, 

Govindpura, Bhopal and Heavy metals analysis was done by Atomic Absorption 

Spectrophotometer. Extraction results of heavy metals showed that Cr, Ni and Pb 

concentration was higher in soil. Various plants were also analyzed for heavy metal 

analysis and they showed the higher accumulation of Heavy metals. 

Man-Zhi Tan et al., (2006) investigated the  spatial prediction of heavy metal 

pollution for soils in peri-urban beijing, china based on fuzzy set theory. Fuzzy 

classification combined with spatial prediction was used to assess the state of soil 

pollution in the peri-urban Beijing area. Total concentrations of As, Cr, Cd, Hg, and 

Pb were determined in 220 topsoil samples (0–20 cm) collected using a grid design 

http://www.sciencedirect.com/science/article/pii/S1002016006600878
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in a study area of 2600 km2. Heavy metal concentrations were grouped into three 

classes according to the optimum number of classes and fuzziness exponent using the 

fuzzy c-mean (FCM) algorithm. Membership values were interpolated using ordinary 

kriging. The polluted soils of the study area induced by the measured heavy metals 

were concentrated in the northwest corner and eastern part, especially the southeastern 

part close to the urban zone, whereas the soils free of pollution were mainly 

distributed in the southwestern part. The soils with potential risk of heavy metal 

pollution were located in isolated spots mainly in the northern part and southeastern 

corner of the study region. The FCM algorithm combined with geostatistical 

techniques, as compared to conventional single geostatistical kriging methods, could 

produce a prediction with a quantitative uncertainty evaluation and higher reliability. 

Successful prediction of soil pollution achieved with FCM algorithm in this study 

indicated that fuzzy set theory had great potential for use in other areas of soil science. 

Olawoyin et al., (2012) investigated the potential risk effect from elevated levels of 

soil heavy metals on human health in the Niger delta. An analysis of the soil quality 

in the Niger Delta Area (NDA) was carried out to determine the severity of soil 

contamination. The United States Environmental Protection Agency (US EPA) risk 

assessment model was used in determining the potential health risk due to lifetime 

exposure (by means of ingestion, dermal contact and inhalation) of the population to 

heavy metal contents in the soil. Substantial levels of contamination were found 

indicating elevated levels of heavy metals above background concentrations from 
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controlled samples in the areas. Median topsoil metal concentrations (0–15 cm) in the 

NDA measured in mg/kg were: Zn 58.3±37.0, Cd 1.3±1.0, Cr(VI) 13.2±5.5, Cu 

28.3±31.5, Pb 895.1±423.9, Ni 42.7±20.3, Mn 201.8±77.5 and Fe 1303.5±2028.6. Pb, 

Ni, Zn, Cd, Cr(VI), Fe and Mn exceeded some guideline and standard values; while 

the comprehensive levels of total metals contamination exceeded the environmental 

action level for soils, which could potentially affect human health. The collective total 

risk (carcinogenic and non-carcinogenic) for minors and adults were established from 

the model using the slope factors and reference dose of the compounds respectively. 

The study has shown that soil contamination in the industrial and residential regions 

are similarly significant; while the risk assessment proved that based on the pollutants 

concentration in the soil, metals with the highest cancer risk values (Pb=2.62E-02 and 

Cr(VI)=1.52E-02) have the potential of affecting the health status of the residents, 

especially for children in the region. The chronic daily intake of the metals are of 

major concern as their cumulative effect could result to several health complications 

of children and adults in the region. 

 Dechang Han et al., (2009) investigated the effects of heavy metal pollution of 

highway origin on soil nematode guilds in north shenyang, china. Soil samples were 

collected with distance at 5, 20, 40, 80, 160, and 320 m from the Shen-Ha (Shenyang-

Harbin) Highway, Northeast China, to investigate the effect of heavy metals of 

highway origin on soil nematode guilds. The contents of soil Pb, Cu, Zn, and the 

nematode community structure were analyzed. The results showed that the contents 

http://www.sciencedirect.com/science/article/pii/S1001074208622500
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of total and available Pb, Cu, and Zn varied significantly with the different distances 

from the highway. Pb was the main pollutant in the soils in the vicinity of Shen-Ha 

Highway. The zone from 20 to 40 m away from the highway was the most polluted 

area. The highest abundance of soil nematodes was found at 5m while the lowest at 

20 m away from the highway. Thirty six genera of nematodes belonging to 23 families 

were identified. Nematode guilds having different responses to soil heavy metals were 

classified into four types. Soil nematode guilds may act as a prominent indicator to 

heavy metal pollution of highway origin.  

 

Omar., (2007) investigated heavy metals in urban soils from the city of Palermo 

(Sicily), Italy. Concentrations of V, Mn, Cd, Zn, Ni, Cr, Co, Cu, Pb, Hg and Sb were 

measured on 70 topsoil samples collected from green areas and parks in the city of 

Palermo (Sicily) in order to: (1) assess the distribution of these heavy metals in the 

urban environment; (2) discriminate natural and anthropic contributions; and (3) 

identify possible sources of pollution. Mineralogy, physico-chemical parameters, and 

major element contents of the topsoil were determined to highlight the influence of 

‘natural’ features on the heavy metal concentrations and their distribution. Medians 

of Pb, Zn, Cu and Hg concentrations of the investigated urban soils are 202, 138, 63 

and 0.68 mg kg−1, respectively. These values are higher, in some case by different 

orders of size, than those of unpolluted soils in Sicily that average 44, 122, 34 and 

0.07 mg kg−1. An ensemble of basic and multivariate statistical analyses (cluster 
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analysis and principal component analysis) was performed to reduce the 

multidimensional space of variables and samples, thus defining two sets of heavy 

metals as tracers of natural and anthropic influences. Results demonstrate that Pb, Zn, 

Cu, Sb and Hg can be inferred to be tracers of anthropic pollution, whereas Mn, Ni, 

Co, Cr, V and Cd were interpreted to be mainly inherited from parent materials. Maps 

of pollutant distribution were constructed for the whole urban area pointing to vehicle 

traffic as the main source of diffuse pollution and also showing the contribution of 

point sources of pollution to urban topsoil.  

Hui et al., (2010) examined the assessment of heavy metal pollution in surface soils 

of urban parks in beijing, china. Assessing the concentration of potentially harmful 

heavy metals in the soil of urban parks is imperative in order to evaluate the potential 

risks to residents and tourists. To date, little research on soil pollution in China’s urban 

parks has been conducted. To identify the concentrations and sources of heavy metals, 

and to assess the soil environmental quality, samples were collected from 30 urban 

parks located in the city of Beijing. Subsequently, the concentrations of Cu, Ni, Pb 

and Zn in the samples were analyzed. The investigation revealed that the 

accumulations of Cu and Pb were readily apparent in the soils. The integrated 

pollution index (IPI) of these four metals ranged from 0.97 to 9.21, with the highest 

IPI in the densely populated historic center district (HCD). Using multivariate statistic 

approaches (principal components analysis and hierarchical cluster analysis), two 

factors controlling the heavy metal variability were obtained, which accounted for 
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nearly 80% of the total variance. Nickel and Zn levels were controlled by parent 

material in the soils, whereas Cu, Pb and, in part, Zn were accounted for mainly by 

anthropogenic activities. The findings presented here indicate that the location and 

the age of the park are important factors in determining the extent of heavy metal, 

particularly Cu and Pb, pollution. In addition, the accumulation of Zn did not appear 

to reach pollution levels, and no obvious pollution by Ni was observed in the soils of 

the parks in Beijing.  

 

Emmanuel and Edward (2010) examined the evaluation of the status of heavy metal 

pollution of soil and plant (Chromolaena odorata) of Agbabu Bitumen Deposit Area, 

Nigeria. Fe, Cu, Mn, Cr, Zn, Hg, Pb, Cd, N and V were analyzed in soil and plant 

(Chromolaena odorata) samples in the dry season and rainy season of year 2008 using 

AAS. Mercury was not detected in all soil and plant samples. The mean 

concentrations of metals in soils, ranging from 0.28±0.04ppm to 10,371.67±252.24 

ppm considering both seasons, were lower than the maximum allowable limits in soil 

used in many countries. The mean concentration of heavy metals in plants ranged 

between 0.10±0.01ppm and 44.80±3.31ppm. Concentrations of the metals were lower 

in plants than in soil apart from Cd which showed biomagnifications. Enrichment 

Factor (EF) of the heavy metals in soil showed that Zn (EF = 2.50) in the dry season 

and Pb (EF = 3.83) in the rainy season had the highest enrichments which were 

moderate. The low values of EF indicate that the heavy metals probably originated 
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from natural source. Results of Geo-accumulation Index (Igeo) in soil showed low 

levels of contamination for the heavy metals. Analysis of variance with SAS showed 

that the mean concentration of metals in soil in the two seasons (level=0.05) were not 

significantly different implying that the metals were held firmly in the matrix of soil.         

Issa et al., (2013)  worked on the assessment of sediment contamination by heavy 

metals in river orogodo (Agbor, Delta State, Nigeria). Sediment samples from the 

coast of River Orogodo in Agbor, Delta State, Nigeria were sampled over four months 

(May to August) and analyzed for heavy metals ( Cd, Mn, Fe, Cu, Ni, Pb, Zn, Cr) 

using Atomic absorption spectroscopic method. Some specific physico-chemical 

characteristics, such as organic matter, pH and conductivity which are known to 

influence the interactions and dynamics of metals within the sediment matrix were 

also determined. The result of the analysis indicates significant difference (p<0.05) in 

pH, organic matters, Mn, Zn and Cr levels for the four month variation. The 

concentration ranges of metals (in mg/kg of dry sediment) measured were in order of 

Fe (339-925) > Mn (4.02 -0.50) > Zn (1.91 -1.11) > Cu (1.04-0.10) > Pb (0.96-0.30) 

> Ni (0.75-0.57) >Cd (0.43-0.09) > Cr(0.30-0.10). The significant correlation 

(p<0.05) however exists between some of the metals and some also show high 

correlations at p<0.01.The concentrations of most heavy metals are low, but iron 

content is higher than the background value and DPR standard for soil/sediment 

which indicates significant contamination by iron in the water body. 
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Ideriah et al., (2010) investigated heavy metal contamination of soils and vegetation 

around solid waste dumps in Port Harcourt, Nigeria. 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 using Atomic Absorption spectrophotometric 

technique. 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 ± 0.83ppm, 2.57 ± 1.87ppm, 1.48 ± 1.61ppm respectively 

at the East – West road dumpsite and 2.42 ± 1.87ppm, 1.40 ± 0.61ppm, 1.39 ± 

0.67ppm respectively at the Kaduna/Afam street dumpsite. The mean concentrations 

of zinc in soil and vegetations along the transect were 12.83 ± 4.65ppm, 2.68 ± 

1.82ppm, 1.33 ± 0.64ppm, 0.80 ± 0.60ppm respectively at the Kaduna/Afam street 

dumpsite. The mean concentrations of lead in soils and vegetation were 0.26 ± 

0.21ppm, 0.28 ± 0.24ppm, 1.48 ± 0.12ppm respectively at the East – West road 

dumpsite and 0.45 ± 0.37ppm, 0.20 ± 0.08ppm, 0.39 ± 0.17ppm respectively at the 

Kaduna/Afam street dumpsite. The order of occurrence of the heavy metals in the 

topsoils 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 

vegetations 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 
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age of the waste dump rather, on the source, composition and the topography of the 

dumpsite.  

Ideriah, et al., (2012) examined distribution and speciation of heavy metals in crude 

oil contaminated soils from Niger Delta, Nigeria. Soil samples at depths of 0-15cm 

and 15-30cm were collected with an auger around an abandoned crude oil well with 

a history of spillage and from control sites at Abara and Ozuzu during the rainy and 

dry seasons. The speciation (exchangeable, carbonate, Fe-Mn oxide, organic and 

residual fractions) of the metals was determined using sequential extraction methods. 

The exchangeable fraction had the highest concentrations and the residual fraction 

had the lowest concentrations. In the dry season 22.27% Pb, 25.41% Cu, 37.78% Cd, 

22.24% Cr, 24.84% Ni, 21.43% Mn and 22.43% Zn were bound to the exchangeable 

fraction. The heavy metals in the area were potentially bioavailable since the soils are 

acidic (pH 4.70 – 6.70), have low silt and clay contents and higher metal 

concentrations were associated with the non residual fractions. The soils in the area 

are contaminated but do not pose serious adverse effect to humans and the 

environment for now as the concentrations of the heavy metals were generally within 

or below permissible limits recommended by the Rivers State Ministry of 

Environment. Regular monitoring of heavy metals concentrations in the area was 

recommended. The re-distribution of heavy metals and other contaminants reduced 

their concentrations at the spilled site. 
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Olayiwola (2013) examined the accumulation and contamination of heavy metals in 

soil  and vegetation from industrial area of  Ikirun, Osunstate, Nigeria. Samples of 

soil and vegetation were analyzed for their heavy metal contents using standard  

methods.   Samples  were  collected  around  a  steel  rolling  mill  along  Ikirun,  

Osogbo road,  Osun  State.  Results  of  vegetation  revealed  highest  iron  

concentration  (17305.00mg/kg), highest  chromium  concentration  (1088.00mg/kg),  

highest  nickel  concentration  (303.40mg/kg), and  highest  lead  concentration  

(38.88mg/kg)  at  VG  7.  Soil analysis showed highest iron concentration at SS3 

(29895 mg/kg), highest cobalt concentration at SS6 (510 mg/kg), highest nickel 

concentration at SS6 (882 mg/kg), highest lead concentration at SS7 (2525 mg/kg) 

and highest chromium concentration at SS6 (2935 mg/kg).This suggests that the area 

was grossly contaminated mostly with iron, chromium, lead and nickel especially in 

soil. Plant concentration factor was in the range 0.03 – 0.63 for iron, 0.10 – 0.62 for 

cobalt, 0.01 -0.76 for nickel, 0.00002 – 0.02 for lead and 0.09 – 0.95 for chromium. 

Plant absorption of heavy metals from soil was in the order Cr>Ni>Fe>Co>Pb.  

Integrated  pollution  index  of  soil  showed  low  to  extreme  high level  of  pollution.  

Statistical significant differences were observed between means of heavy metals in 

study area and control site. Strong positive correlations were observed between pairs 

of metal in vegetation and pairs of metal in soil.  Inter-element correlations were 

however observed to be weak between the two media. Levels of metals in control 

sample were not as high as levels obtained at the steel rolling mill.  
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Chude et al., (2013) worked on heavy metals in selected soils of the semi-arid region 

of Nigeria. Eight soil profiles developed on crystalline basement complex rocks in the 

semi-arid region of Nigeria were analyzed for total contents of cesium (Cs), 

chromium (Cr), cobalt (Co), hafnium (Hf), iron (Fe), lanthanum (La), lutetium (Lu), 

scandium (Sc), thorium (Th), uranium (U) and ytterbium (Yb). The contents range 

from 50.3–95.4 Cs, 16.1–58.1 Cr, 0.6–9.0 Co, 9.0–34.8 μg g−1 Hf, 0.31–3.69% Fe, 

17.2–60.7 La, 60.4–90.6 Lu, 2.6–12.6 Sc, 8.3–21.5 Th, 4.7–9.2 U and 3.6–92 μg g−1, 

Yb. Their corresponding means were 68.4, 35.1, 4.0, 19.9 μg g−1, 1.70%, 37.1, 79.4, 

6.5, 14.7, 6.7 and 5.0 μg g−1. In general, total Cs, Co, Fe, La, U and Yb increased with 

further increase with depth. On the other hand, Lu, Sc and Th showed no distinct 

vertical distribution within the profiles. All eleven elements were correlated with the 

amounts of clay present in the soils, the correlation being stronger for Cs, Th, Yb, Cr 

and Lu. 

Adewara and Akinlolu (2013) examined contamination indices and heavy metal 

concentrations in urban soil of Ibadan metropolis, southwestern Nigeria. An 

assessment was conducted on soils of Ibadan metropolis using geochemical approach 

in order to establish the concentration of heavy metals and develop geoaccumulation 

index maps. Petrographic studies and X-ray diffractograms showed that soils of 

Ibadan were derived from the weathering of the bedrocks. The concentrations of Cu, 

Pb, and Zn were found to be greater in soils more than the background. Positive 

correlation occurred between Cu, Pb, and Zn indicated a common anthropogenic 
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source in the soil while Mn, Cr, and Ni were found to be naturally enriched. The 

geoaccumulation index maps revealed significant enrichment factor (Ef > 20) and 

index of geoaccumulation (Igeo) beyond class four (heavily contaminated) for Cu, 

Pb, and Zn in densely populated and industrial areas, whereas Cd is enriched in 

sparsely populated areas, agricultural areas and a few spots in densely populated. 

Onyango et al.,(2013) examined the removal of heavy metals from aqueous solution 

using hydrotalcite-like nanostructured materials Industrial discharge of wastewater 

containing elevated levels of heavy metals is a major environmental issue. This work 

considers the use of biocompatible hydrotalcite-like nanostructured materials to 

remove heavy metals (Pb) from aqueous solution, using a batch adsorption mode. The 

experiments were performed as a function of material type, initial concentration, 

temperature and pH. As a result, it was found that the heavy metal (Pb) removal 

efficiency increased with an increase in temperature, pH and decrease in initial 

concentration. Meanwhile, the equilibrium data were modeled using general 

isotherms models. The experimental data fitted well with Langmuir isotherm. Higher 

adsorption capacity (>300 mg/g) was observed for Pb compared with those reported 

in literature. Kinetically, Pb uptake was rapid and well described by a pseudo-second 

order model. Hydrotalcite nanomaterials used in this study being paramagnetic, the 

initial results indicate robust performance with a possibility to upgrade to sorption-

magnetic separation process. 
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Okoro et al., (2013) investigated the effects of selected heavy metals on topsoil at the 

vicinities of two automobile mechanic villages, Owerri Municipal, Nigeria. The  

increased  persistence  of  farming activities within  mechanic villages poses  health  

risk to  the  consumers of these  agricultural  produce.  Studies  on  heavy  metal  

contamination  of  top  soils  at  the  vicinities  of  two  auto mechanic villages was  

aimed  at determining  the concentrations of heavy  metals, at the top soils of  Nekede 

and Orji automobile mechanic villages located at Owerri municipal, Nigeria.  The 

Soil samples were analyzed for selected heavy metals contamination namely: Cd, Cu, 

Pb and Cr. Soil samples were obtained in triplicates at the top soil 0-20, 20-40 and 

40-60cm depths. The Overall, values of Cd, Cu, Pb  and Cr in the workshop soil 

samples ranged from 8.83 to 18.67; 191.00 to 590.00; 693.33 to 2917.30 and 5.42 to 

26.82 mg.kg-1 respectively; they decreased with an increase in depth in  the two auto-

mechanic villages when compared to the established intervention, target and 

allowable limits set for soils in Nigeria and some countries,  the  contamination of top 

soils at the two automobile mechanic villages were clearly higher in most cases. The 

soil pH was slightly acidic and alkaline ranging from 5.24 to 7.27.  For  soil  particle  

size,  the  distribution  of  sand  fraction  was  highest followed  by  clay  and  then  

silt.  The  recommendations  of  the  study  included   enacting  laws  prohibiting 

indiscriminate dumping of refuse at the  workshops;  execution of some form of 

phyto-remediation measures at the village and  enforcement of other environmental 
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protection regulations as it affects farming within mechanic villages to arrest the 

ongoing buildup of these metals  at the top soils in those locations.  

Bentum et al., (2010) investigated the analysis of heavy metals in roadside soils and 

crops along the obansandjo way in the accra metropolis. This paper discusses the 

levels of some heavy metals (ni, cu, pb and zn) in roadside soils and crops along the 

obansandjo way in the accra metropolis of ghana. Soil and plant samples were 

collected from three different sites; Kawukudi (K), Ebony (E), and Dzorwulu (D) all 

along the Obansandjo way in Accra. The samples taken were preserved and later acid 

digested and analyzed alongside control soil and plant samples using standard 

analytical methods. The following mean levels of Ni, Zn, Cu and Pb on the roadsides 

were detected: 228.65 ± 102.98, 35.98 ± 18.39, 24.577 ± 9.04 and 18.25 ± 13.05 (all 

in mg/kg) respectively. The mean level of Ni was above the critical permissible 

concentration. Ni, Zn, Cu and Pb in the crops were: 3.343 ± 2.0, 6.97 ± 4.5, 1.909 ± 

0.71 and 3.515 ± 1.3 (all in mg/kg) respectively. Ni, Pb, Cu and Zn were detected in 

both soils and crops. The levels of all the metals except Ni were below the phototoxic 

levels.   

Yedjou et al., (2014) assessed the heavy metals in luanda soil from Angola, Africa. 

Based on the study, heavy metals are natural constituents of the Earth's crust. They 

are stable and cannot be degraded or destroyed, and therefore they tend to accumulate 

in soils and sediments. In trace amounts, heavy metals are necessary to maintain good 

health. However, at high concentrations they become hazardous by causing acute or 
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chronic toxicity. Acute exposure to heavy metals can be associated with neurological 

damage, behavioral disorders, loss of memory, and other negative health effects. Each 

metal has a unique features and physic-chemical properties that confer to its specific 

toxicological mechanisms of action. Hence, the goal of the study was to monitor and 

assess the level of heavy metals in soil samples collected in the city of Luanda located 

in Angola, Africa. To achieve the goal, the Niton handheld XRF analyzer was used 

to measure the levels of various heavy metals in soil samples collected from Luanda 

(the largest city in Angola). The level of each heavy metal detected was compared to 

Environmental Protection Agency (EPA) standards and regulatory guidelines. Among 

the soil samples tested, we detected several metals with means ± SDs values of 20.9 

± 10.0 ppm arsenic, 50361.98 ± 387.51 ppm calcium, 63.69 ± 14.48 ppm copper, 

22085.74± 238.13 ppm iron, 270.70 ± 12.52 ppm lead, 330.95 ± 48.14 ppm 

magnesium, 14614.94 ± 352.25 ppm potassium, 1674.66 ± 41.58 rubidium, 176.03 ± 

5.14 ppm strontium, 1376.30 ± 345.52 sulfur, 3550.54 ± 113.12 ppm titanium, 254.16 

± 15.68 ppm zinc, 818.42 ± 11.23 ppm zirconium  in Luanda soil. The study observed 

that the concentrations of each metal vary significantly from one site to another. 

Interestingly, the amount of the metals detected felt below the EPA standards and 

regulatory guidelines. Based on the EPA standards and regulatory guidelines, the 

study concludes that Luanda soils in Angola are not contaminated, and this 

environment is safe for children activities or exercises.    
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Opaluwa et al., (2012) examined heavy metal concentrations in soils, plant leaves and 

crops grown around dump sites in Lafia Metropolis, Nasarawa State, Nigeria. The  

level  of  heavy  metals  (As,  Cd,  Co,  Cu,  Fe,  Ni,  Pb  and  Zn)  in  soils,  plant  

leaves  and  crops  from  farmlands around dumpsites were determined using digestion 

and Atomic Absorption Spectrophotometer methods (AAS). Soil and plant samples 

were collected from farms around the dump sites (sites A and B) and other samples 

from an area where there were no dump sites, which served as control. The 

concentration of metals in soil samples in mg/kg from site ‘A’ determined were 

As(0.66), Cd(0.48), Co(0.58), Cu(0.91), Fe(0.63), Ni(0.31), Pb(0.49), and Zn(0.38) 

while that of site ‘B’ were As(0.55), Cd(0.84), Co(0.63),Cu(0.82), Fe(0.64), Ni(0.42), 

Pb(0.53), and Zn(0.40). The metal concentrations in plant leaves and crops showed 

high level of Co(0.33) and Fe(0.32) in roselle leaves; Cu(0.71) and As(0.37) in 

groundnut; Cu(0.48) and As(0.28) inmaize grains; As(0.36) and Co(0.32) in spinach 

leaves; and Cu(0.36) and Co(0.32) mg/kg in okro. The values of all the metals 

analyzed for samples from dumpsites were higher than  those  from  the  control  site  

suggesting  possible  mobility  of  metals  from  dumpsites  to  farmlands  through 

leaching and runoffs, but were below values recommended by the World Health 

Organization (WHO), but there is need for further monitoring since the inhabitants 

depend on these areas for farming.  

 Adamu (2014) analyzed the heavy metals in soil from burnt computer business 

center Deliberate or accidental burning of materials containing heavy metals such 
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as electronic components may result in serious environmental pollution. Burning of 

these materials is common in open waste dumps and sometimes during fire 

disasters. This paper looked at the determination of heavy metal concentration in 

soil samples at burnt computer business centre (A case study of PTI, Effurun). Soil 

samples were collected from the site and another sample from unaffected area as 

control. The samples were analyzed for the presence of copper, zinc, cadmium, lead 

and mercury using GBC Scientific AAS GF 3000. The mean concentration of 

copper is 0.284ppm which is more the result of the analysis shows that the 

concentrations of the heavy metals at the site are much higher than the control 

sample. than 2400 % higher than the control sample’s concentration of 0.011 ppm, 

lead 2.749 ppm higher by 50 %, cadmium 0.058 ppm higher by 222 %, and zinc 

1.626 ppm higher by 80 %.Though the concentrations of the heavy metals analyzed 

are much higher than that of the control sample, yet they are less than the maximum 

permissible limits by World Health Organization (WHO) for soil except cadmium 

in samples C and E (0.09 ppm each) which is higher than the WHO maximum 

permissible limits of 0.06 ppm. Based on the results obtained, it can be concluded 

that there is an increase in concentration of heavy metals in the burnt computer 

business centre. 

Ojiako and Aduaka (2015) investigated the  effects  of  heavy  metals  in  agricultural  

soils  and  their  uptake  in  plants  on  five  towns  in dunukofia  local  government  

area  of  anambra  state,  was  carried  out  using quantitative  and  qualitative analysis. 
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Atomic absorption spectrophotometer was used to assay for the heavy metals. The 

results obtained showed that the soils were moderately acidic with a ph range of 6.43-

6.90. the total organic carbon (TOC) levels showed 1.102, 1.090, 1.406,1.242, 1.640 

for samples a, b, c, d and e respectively which are higher than (>0.86%  )  of  the  who  

specified  standard  while  the  cation  exchange  capacity  showed  a  range  of  10.66 

12.10cmol/kg. the particle size of the soils were observed to be 81% sand, 13% silt 

for samples a, c, d, and e , while sample b  has 15% sand and 13% clay.  the results 

of  heavy metals analysis of the samples revealed that cu and cd concentrations were 

found within the permissible limit while fe, zn, cr, pb, ni, and mn were below the 

permissible limits recommended by who standard for agricultural soil. The Pb values 

in the samples a, b, and e were above the who standard. This showed that lead is the 

major pollutant of the area.  

Gebrekidan et al., (2011) assessed the status of drinking water quality in the urban 

areas of the tigray region, northern ethiopia. A total of 106 drinking water samples 

were collected from 16 densely populated urban areas of the region, viz.: alamata, 

korem, maichew, adigudom, abyiadi, hagereselam, zalambessa, adigrat, edagahamus, 

firewoini, wukro, mekelle, indaselassie, axum, adwa, and enticho. all the samples 

were analyzed for six physicochemical parameters such as temperature, conductivity, 

total dissolved solids (TDS), salinity, ph, and turbidity and ten heavy metals,viz., As, 

Cd, Co, Cu, Cr, Fe, Mn, Ni, Pb, and Zn using standard procedures. The results were 

compared with other national and international standards. among the analyzed 
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samples, regarding physicochemical parameters, 84.01 % for electrical conductivity, 

47.17 % for TDS and 31.13% for turbidity show concentrations higher than the who 

(2008) recommended values. more than 93.4% of the samples were within the united 

states environmental protection agency (US EPA) admissible ph limit (6.5-8.5) and 

all the samples analyzed were within the EU (1998) admissible ph limit (6.5-9.5). All 

samples contain manganese and copper within the who (2008) maximum admissible 

limit, but arsenic (40.3 %), cadmium (7.46 %), chromium (64.18 %), iron (37.31 %), 

nickel (7 %), and lead (29.85 %) crossed the maximum admissible and desirable limits 

recommended by who (2008). the maximum admissible limit of cobalt in drinking 

water is not mentioned by who, but all the samples analyzed were found to comply 

the New Zealand (1000 μg/l) and US EPA (100 μg/l) maximum admissible limits. 

although no guideline is set by who (2008) for zinc level in drinking water, of the 

samples analyzed, 94.02% comply the New Zealand standard and 97.01% comply all 

the maximum admissible limits referred in the present study. in general, the results of 

the present study have shown that some of the physico-chemical parameters have 

shown values higher than the WHO (2008) recommended maximum admissible 

limits. This is an indication of pollution hazards and weak drinking water treatment 

practices in the areas, which in turn have important human health implications. this 

study, therefore, recommends the government and other responsible authorities to 

take appropriate corrective measures. 
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Nkwocha, et al., (2013) assessed the heavy metal concentration in food crops grown 

around etelebou oil flow station in bayelsa state, Nigeria. Previous studies have shown 

the effects of crude oil extraction on  “environmental  mediums” and “environment 

mediums"but few attempts have been made to study the effect of this activity on 

locally grown food crops in the Niger Delta Region of Nigeria, where oil activities 

have developed over the past fifty years. This study aimed at assessing the 

concentration levels of some heavy metals in tuber crops grown in farmlands around 

Etelebou oil flow station in Bayelsa State. Three samples of each of the three tuber 

crops, namely cocoyam (Xanthosoma mataffa), cassava (Manihot essulenta) and 

plantain (Musa sapientum) from the oil polluted farmland were collected,  prepared, 

digested and analyzed in the laboratory with the aid of Atomic Absorption 

Spectrophotometer. Results obtained showed that the concentration levels of the 

heavy metals analyzed (Fe, Zn, Cr, Cu, and Pb) in these food crops were found to be 

relatively high and gradually accumulating over time, higher than the background 

values (controls).  Of particular concern was the bioaccumulation of Pb in cassava 

(2.0mg/kg) and plantain (1.94mg/kg). These findings are indicative of potential health 

hazards faced   by the indigenous population who feed on these crops. There is need 

to closely monitor the great danger posed by the bioaccumulation of these trace heavy 

metals on the health of the  “population” animals and plants in the area. 

Defo, etal (2015) investigated the heavy metals in soils and groundwater in an urban 

watershed of yaoundé (cameroon-west africa).The aim of this study was to investigate 
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the heavy metals concentrations in soils and groundwater within the Ntem watershed 

in Yaoundé, to prevent the risk on the public health. Soils investigated were sampled 

in five (05) representative profiles at the surface and the bottom of the unsaturated 

zone of each profile. Soil samples were air-dried and ground to pass through a 2-mm 

sieve, and different soil extracts were prepared for chemical analysis (organic matter, 

cation exchange capacity and pH). By soil digestion method with diacid, total Pb, Cd, 

Cr and Ni were extracted and determined by atomic absorption spectrophotometry 

(AAS). Representative groundwater samples were also collected directly from some 

soil profiles and analysed using AAS instrument after filtration. Average metals 

concentrations in groundwater were higher than those of the World Health 

Organisation (WHO) norms. Besides, the geo-accumulation indices (Igeo) were 

ranged between zero and one (0 < Igeo < 1) for Pb (0.13–0.19), Cr (0.13–0.16) and Ni 

(0.09–0.11), indicating that the soils are contaminated by these metals, except Cd 

(Igeo < 0) in the whole watershed. Gleysols (Mollic (Igeo = 0.18) and Plenthic 

(Igeo = 0.16)) were found more contaminated than Ferralsols (Igeo = 0.15). 

Regardless of the sampling stations, soils were typified polluted by metals (pollution 

index (PI) > 1), except Cd (PI < 1). The integrated pollution index (IPI) values were 

ranged in descending order for soil pollution level as follows: Mollic Gleysols (3.47–

4.94) > Plenthic Gleysol (1.89) > Xanthic Ferralsol (1.79) > Rhodic Ferralsol (1.69). 
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The soils and groundwater pollution observed may be a severe threat for the public 

health in this watershed. 

Hiremath, et al., (2012) assessed the heavy metal content in soil samples from various 

localities of Bijapur taluka, Karnataka was undertaken. Top soil samples (0-10 cm) 

were taken at various locations. The soil characterization was carried out for 

parameters like pH, electrical conductivity, nitrogen, phosphorous, potassium and 

heavy metals like copper, iron, manganese, zinc etc. During study period, fluctuations 

in various parameters were recorded. This effect may be due to different uptake 

tendency of growing plants in the fields. The higher values are indicative of 

anthropogenic inputs, either due to excess application of fertilizers or to industrial or 

mining activities. The conclusion is that massive chemical analysis of farmland soil 

samples could serve as a database for indicating potential micronutrient deficiency 

and excess or heavy metal build-up in croplands, allowing preventive actions to be 

taken. 

Onyango et al., (2012) investigated removal of heavy metals from aqueous solution 

using hydrotalcite-like nanostructured materials Industrial discharge of wastewater 

containing elevated levels of heavy metals is a major environmental issue. This work 

considers the use of biocompatible hydrotalcite-like nanostructured materials to 

remove heavy metals (Pb) from aqueous solution, using a batch adsorption mode. The 

experiments were performed as a function of material type, initial concentration, 

temperature and pH. As a result, it was found that the heavy metal (Pb) removal 
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efficiency increased with an increase in temperature, pH and decrease in initial 

concentration. Meanwhile, the equilibrium data were modeled using general 

isotherms models. The experimental data fitted well with Langmuir isotherm. Higher 

adsorption capacity (>300 mg/g) was observed for Pb compared with those reported 

in literature. Kinetically, Pb uptake was rapid and well described by a pseudo-second 

order model. Hydrotalcite nanomaterials used in this study being paramagnetic, the 

initial results indicate robust performance with a possibility to upgrade to sorption-

magnetic separation process.  

CHAPTER THREE 

MATERIALS AND METHOD 

3.1 Study Area 
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Figure 3.1: MAP OF IMO STATE SHOWING OKIGWE 
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Figure 3.2: MAP OF IMO STATE SHOWING OKIGWE 



60 

 

 

Plate 3.1:  some of the major roads in okigwe where samples were collected from. 

 

 

Plate 3.2:  some of the major roads in okigwe where samples were collected from. 
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Plate 3.3 :  some of the major roads in okigwe where samples were collected from. 
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Plate 3.4:  some of the major roads in okigwe where samples were collected from. 

 

 

Plate 3.5:  some of the major roads in okigwe where samples were collected from. 

 

 



63 

 

 

Plate 3.6:  some of the major roads in okigwe where samples were collected from. 

 

Okigwe is a commercial city in Imo State. The city lies between the Port Harcourt-

Enugu expressways. Thus has grown into a major cattle transit town for the southeast 

and south sub regions. Okigwe has a population of about 535,765 (EST, 2005). Most 

of the population is made up of immigrant workers from other states. Okigwe city 

was the primary host site of the old Imo State University (now Abia State University). 

Okigwe has various tourist and historical sites. 

http://en.wikipedia.org/wiki/Port_Harcourt
http://en.wikipedia.org/wiki/Enugu
http://en.wikipedia.org/wiki/Imo_State_University
http://en.wikipedia.org/wiki/Abia_State_University
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Okigwe lies between latitudes 5.483°N 7.55°E (Fig 3.1 and 3.2). The town has a 

tropical climate with distinct wet and dry seasons. The dry season spans from 

October/November to early March and the rainy season from late March/April to 

October with a dry spell in August. Mean annual total rainfall is about 1,367mm and 

the average number of rainy days is about 112. The temperature is fairly uniform 

throughout the year with very little deviation from the mean annual of 270C. February 

and March are the hottest months with mean temperatures of 28OC and 27OC 

respectively. The annual mean total number of sunshine hours is about 2.00 hours 

with daily mean sunshine of about 5 hours. The geological profile is one dominated 

by crystalline rocks, which form part of the pre-cambrian basement complex of South 

Eastern Nigeria. The main vegetation of the area is hard soil mixed with various types 

of bush re-growth, grasses and creepers. The main arable crops are yam, cassava, rice, 

maize and vegetables alongside plantations of cocoa and oil palm that are also very 

common. This study focuses on eight major roads in Okigwe metropolis with 

considerable amounts of traffic that could significantly contribute to soil pollution 

3.2    List of Apparatus Used 

The apparatus listed below were used during the research work. 

Whatman Filter paper, Conical flasks, Water Bath, Desiccator, AAS machine, XRF 

machine, Syringe, Beakers, pH meter, Measuring cylinder, Flat bottom flask, Sample 

bottles, Oven, Heater, Electrical Weighing balance, Fume cupboard, Electrical shaker 

http://toolserver.org/~geohack/geohack.php?pagename=Okigwe&params=5.483_N_7.55_E_
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and 2mm Sieve, plastic containers, knife, Shovel, Ruler and tape, Auger boring, 

Celephone bags, Water bottle etc. 

3.3 List of Reagents 

The analytical Reagents (grade) used during the experiment were listed below viz: 

Per chloric acid (HClO4), Magnesium chloride (MgCl2), Deionized water, 

Concentrated Nitric acid (HNO3), Acetic acid (CH3COOH or C2H4O2), Ammonium 

hydroxide (NH4OH), Hydrogen peroxide (H2O2), Concentrated hydrochloric acid 

(HCl) etc. 

3.4 Sample Collection 

The study area was divided into eight locations based on the major Roads/Streets in 

Okigwe Metropolis. These roads/streets are as follows: Market Road, Rev. Mann 

Street, Umuchima Road, Umu-Okpara Road, Agriga Road, Owerri Road, Ogui Road 

and Ubahu Road. The locations were selected based on their closeness to the 

predominant activities of the inhabitants. Sampling spots were cleared of debris 

before actual sampling started (Mmolawa, et al., 2011). Composite soil samples were 

collected from four sampling locations in each of the road for every season. About 

500 g of the soil samples were collected within a distance of 0-5 meters from the edge 

of the main road at each location and at a distance of  6 poles apart (about 30 meters). 

All soils collected were sampled at the surface (0 to 10 cm in depth) using a plastic 

scoop. The soil samples were kept in labeled polythene bags and taken to the 
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laboratory for analysis (Awofolu, 2000). Soil samples were air-dried and ground to 

2mm before chemical analysis was carried out. 

3.5 Procedure for Heavy Metal Analysis 

Two different instruments were used for the analysis of the heavy metals. They are 

AAS and XRF. 

Use of Atomic Absorption Spectrophotometer (AAS): All soil samples were air-

dried and ground to 2mm before chemical analysis was carried out. A 200µm sieved 

was used to sieve the soil sample and approximately two grammes of the air-dried 

ground soils samples in each case was placed in 100 ml Kjedahl digestion flask, which 

has been previously washed with nitric acid and distilled water. The samples were 

subjected to digestion with 20ml of concentrated nitric acid (HNO3) and concentrated 

Hydrochloric acid (Aqua Regia in the ratio of 3:1) and was heated for about two hours. 

For complete digestion, a 10ml of Aqua Regia was also added and heated for another 

one hour. The mixture was swirled gently and slowly at moderate heat on a digester, 

under a fume hood. The heating continued until dense white fumes appeared which 

was then digested for about 2hours, set aside to cool and diluted with distilled water. 

The mixture was filtered through Whatman filter paper into a 100 cm3 volumetric 

flask, diluted to mark (Allen et al., 1974; Sahrawat et al., 2002). The filtrate was made 

up to 100ml mark with distilled water. Total concentration of the metal under 

investigation was determined by AAS (FS240AA Agilent model). Total 
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concentration of Mn, Cr, Cd, As, Pb, Fe and Zn in the contaminated soil was 

determined by digesting 1g of sample with Aqua Ragia in the ratio of 3:1. 

Use of X-Ray Fluorescence: A 32mm sample cup were prepared using polyprolene 

film. Then 3g of the sample was weighed into the prepared 32mm sample cup and the 

sample was labelled and corked with lid. It was then placed into the measuring 

chamber of the XRF and then analysed /run in the XRF. 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

Table 4.1: Total Heavy Metal Concentration (rainy season) AAS 

Samples 

mg/kg 

    Cd   Mn      Pb  As  Cr  Fe  Zn Ave.  

Metal  

Content 

Market road 0.196 1.474  0.160  4.730  0.014  9.450  0.478 2.357 

              

Umuchima 

road 

0.162 1.467  0.080  6.900  ND  6.420  0.211 2.177 

              

Umuokpara 

road 

0.112 0.820  0.140  7.460  ND  9.370  0.212 2.588 

              

 Rev Mann 

street 

0.172 1.303  0.150    ND  0.069  10.010  0.325 1.718 

              

Ogui Road 0.137 1.958  0.110  ND   ND  9.504  0.700 1.772 

              

 Ubahu road 0.158 1.139  0.100  9.620  0.134  8.841  0.290 2.897 

              

Agriga road 0.158 0.840  0.180  7.400  0.175  9.011  0.208 2.567 

              

 Owerri road 1.195 2.100  2.900  ND  1.784  10.030  1.163 2.208 

              

ISS 2008 10 6  4  4  6  10  6  

              

 Mean 0.2863 1.3876  0.4775  4.5138  0.2720  9.0795  0.4484  

ND = not detected 
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Table 4.1 showed the total heavy metal concentration of the eight major roads of 

Okigwe soil for Rainy season. From the Table, the average values of the heavy metals 

decreased as follows Cr<Zn<Mn<Cd<Pb<As<Fe. The table also showed that Fe had 

the highest concentration in virtually all the samples while Cr had the lowest 

concentration in most of the samples. Some of the metals were undetectable by the 

spectrophotometer used. As was undetectable at Rev. Mann, Owerri and Ogui roads. 

 

Fig.4.1: Total Metal Concentration (Rainy Season) 

Fig.4. 1 showed the concentration of heavy metals for rainy season. It showed that Fe 

had the highest concentration followed by Arsenic while Cr, Cd and Pb had the lowest 

concentration in most of the samples. 
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Table 4. 2: Total Heavy Metal Concentration (Dry Season) AAS 

Samples(mg/kg)     Cd    Mn   Pb     As     Cr   Fe    Zn  

Market Road 0.088  3.727 0.050 7.630 1.518 10.010  1.340 3.480 

           

Umuchima 

Road 

0.215  3.703 0.040 7.750 1.852 9.601  0.625 3.398 

           

Umuokpara 

Road 

0.194  2.152 0.130 ND 1.130 9.160  0.690 1.922 

Rev Mann 

Street 

0.183  2.029 0.050 6.050 0.614 10.171  0.696 2.827 

Ogui Road 0.188  2.300 0.160 ND 1.167 10.11  0.765 2.098 

 Ubahu Road 0.177  3.750 0.170 6.900 0.008 10.22  0.858 3.154 

Agriga Road 0.142  3.585 0.270 8.430 0.011 9.840  2.593 3.553 

           

Owerri Road 1.980  2.758 3.190 1.870 0.469 ND  1.362 0.979 

           

ISS 2008 10  6 4 4 6 10  6  

           

Mean  3.167  3.005 4.060 4.830 0.846 8.639  1.116  

Table 4.2 showed the total heavy metal concentration of the eight major roads for dry 

season. From the table, the average values of the heavy metals decreased as follows: 

Cr<Zn<Mn<Cd<Pb<As<Fe. Fe had the highest concentration while Cr had the least 



71 

 

in most of the samples. As was undetectable at Ogui and Umuokpara roads while it 

was the same for Fe at owerri road. 

 

Figure 4.2: Total Heavy metal Concentration (Dry Season) 

Fig. 4.2 showed the concentration of heavy metals in dry season. It showed that Fe 

had the highest concentration recorded followed by Arsenic, then Mn while Cd and 

Pb had the lowest concentration in some of the roads. 
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Table  4.3: Total Heavy Metal Concentration Using XRF. (Rainy Season)  

Samples(mg/kg)     Cd    Mn   Pb     As   Cr   Fe    Zn Avrge 

Market Road 0.10  19.6 17.8 8.40 28.6 62,400    7.38  

           

Umuchima 

Road 

0.10  15.9 13.7 4.80 20.9 34,460  3.60  

           

Umuokpara 

Road 

0.10  17.0 16.0 11.2 26.6 47,070    9.08  

Rev Mann 

Street 

0.10 

 

 16.7 16.1 9.20 23.9 42,320  7.20  

Ogui Road 0.10 

 

 9.9 8.30 2.10 19.5 28,180  3.40  

 Ubahu Road 0.10 

 

 11.2 9.40 3.60 17.7 29,800  2.50  

Agriga Road 0.10 

 

 14.0 11.3 4.10 20.2 31,550  3.00  

  

 

   

 

      

Owerri Road 0.10  22.9 19.9 9.50 32.8 71,860  7.20  

 

Table 4.3 showed the level of heavy metal concentration in the various roads of 

okigwe metropolis with X-ray fluorescence instrument. Iron had the highest 

concentration in all the roads while cadmium had the least concentration. 
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Fig 4.3: Total Metal Concentration (Rainy Season) 

 

 

Fig  4.3 is the graphical representative of  the level of heavy metal concentration in 

the various roads of okigwe metropolis with X-ray fluorescence instrument. Iron had 

the highest concentration in all the roads while cadmium had the least concentration. 

 

 

 

 

 

 

 

Table 4.4: Total Heavy Metal Concentration Using XRF. (Dry Season) 
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Samples(mg/kg)     Cd    Mn   Pb     As   Cr   Fe    Zn Avrge 

Market Road 0.10  21.0 19.8 9.20 27.9 64,600    8.12  

           

Umuchima 

Road 

0.10  16.2 15.2 5.60 21.4 35,480  4.50  

           

Umuokpara 

Road 

0.10  18.2 16.0 12.4 26.4 46,170    10.0  

Rev Mann 

Street 

0.10 

 

 17.6 16.1 9.90 21.5 43,300  7.90  

Ogui Road 0.10 

 

 10.4  9.2 2.10 20.3 29,120  4.20  

 Ubahu Road 0.10 

 

 14.5 10.2 4.30 18.5 29,860  2.90  

Agriga Road 0.10 

 

 13.9 13.0 5.40 22.6 32,750  3.60  

  

 

   

 

      

Owerri Road 0.10  24.2 20.0 10.7 34.5 73,560  9.10  

 

Table 4.4 showed the level of heavy metal concentration in the various roads of 

okigwe metropolis with X-ray fluorescence instrument. Iron had the highest 

concentration in all the roads while cadmium had the least concentration. 
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Fig 4.4 : Total Metal Concentration (Rainy Season) 
 

Fig  4.4 is the graphical representative of  the level of heavy metal concentration in 

the various roads of okigwe metropolis with X-ray fluorescence instrument. Iron had 

the highest concentration in all the roads while cadmium had the least concentration. 

 

 

 

 

 

 

 

 

 

SUMMARY OF RESULT AND DISCUSSION 
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4.1: Results 

Table 4.5: Mean level of heavy metal concentration (HMC) by season using AAS 

HMC by 

AAS 

Cd Mn Pb As Cr Fe Zn Grand 

Mean 

Rainy 0.2863 1.3876 0.4775 4.5138 0.2720 9.0795 0.4484 2.3521 

Dry 0.3959 3.0005 0.5075 4.8287 0.8461 8.6390 1.1161 2.7620 

 

Table 4.6: Mean level of heavy metal concentration (HMC) by season using XRF 

HMC by 

XRF 

Cd Mn Pb As Cr Fe Zn Grand 

Mean 

Rainy 0.1000 15.9000 14.0625 6.6125 23.7750 43455.0 5.4200 6217.2671 

Dry 0.1000 17.0000 14.9375 7.4500 24.1375 44355.0 6.2900 6346.4164 

Tables 4.5 and 4.6 showed the mean level of heavy metal concentration by season 

using AAS and XRF. The results revealed that concentration of the heavy metals in 

the rainy season were less than the concentration of heavy metals in the dry season 

with the two analytical instruments. 
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Figure 4.5: Distribution Pattern of Heavy Metals based on AAS 

 

 

 

Figure 4.6: Distribution Pattern of Heavy Metals based on XRF 

 

The results shown in Figures 4.5 and 4.6 revealed that the distribution pattern of the 

heavy metals decreased as follows Cr < Cd < Zn < Pb < Mn < As < Fe for rainy season 

and Cd <  Pb < Cr < Zn < Mn < As < Fe for dry season using AAS while XRF had a 

uniform pattern of distribution in both seasons Cd < Zn < As < Pb < Mn < Cr <Fe. 

Concentrations of the heavy metals in the rainy season were less than the 

concentrations of heavy metals in the dry season with the two analytical instruments. 
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HMC by 

AAS( mg/kg) 

Cd Mn Pb As Cr Fe Zn 

Rainy 0.1100 0.9082 0.3450 1.3230 0.1503 5.3890 0.3255 

Dry 0.1100 1.8326 0.4090 1.5320 0.3205 5.5385 0.4893 

 

Table 4.8: Mean level of heavy metal concentration by season using XRF (Control Analysis) 

HMC by 

XRF( mg/kg) 

Cd Mn Pb As Cr Fe Zn 

Rainy 0.1000 11.7090 12.0050 4.6905 20.7089 32594.5 4.3900 

Dry 0.1000 13.7005 13.5089 4.8688 21.3140 38550.3 4.9035 

 

Table 4.7 and 4.8 showed the mean level of heavy metal concentration by season 

using AAS and XRF based on control analysis. The result of the analysis showed that 

the concentrations of the heavy metals at the roadside are much higher than the control 

sample. An area outside the roadside within the okigwe was used as the control. 

 

 

 

 

 

 

4.2: Hypotheses Testing 

Table 4.9: Summary of Analysis of Variance (ANOVA) of HMC by Rainy Season using AAS 
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HMC Sum of Squares Df Mean Square F Sig. 

Between Groups 532.750 6 88.792 32.990 .000 

Within Groups 131.883 49 2.691   

Total 664.632 55    

 

Table 4.10: Summary of Analysis of Variance (ANOVA) of HMC by Dry Season using AAS 

HMC Sum of Squares Df Mean Square F Sig. 

Between Groups 447.426 6 74.571 18.428 .000 

Within Groups 198.288 49 4.047   

Total 645.714 55    

 

Table 4.11: Summary of Analysis of Variance (ANOVA) of HMC by Rainy Season using XRF 

HMC Sum of Squares Df Mean Square F Sig. 

Between Groups 12942057910.772 6 2157009651.795 57.992 .000 

Within Groups 1822537757.512 49 37194648.112   

Total 14764595668.284 55    

 

Table 4.12: Summary of Analysis of Variance (ANOVA) of HMC by Dry Season using XRF 

HMC Sum of Squares Df Mean Square F Sig. 

Between Groups 13483425635.444 6 2247237605.907 57.266 .000 

Within Groups 1922851774.819 49 39241872.955   

Total 15406277410.263 55    

 

 

 

4.3: Interpretation of ANOVA Result 
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The ANOVA of the metal concentration showed a significance difference (in all the 

cases) at P<0.05. This is because the p-value (sig.) is less than 0.05 and null 

hypotheses were rejected. Therefore, there is a significant difference in the mean level 

of heavy metal concentrations in rainy and dry seasons by AAS and XRF. 

 

4.4: Discussion 

The analysis of heavy metal concentrations in roadside alone Okigwe Metropolis of 

Imo State are presented in Tables 4.1 and 4.2 respectively. The mean concentrations 

of Cd, Mn, Pb, As, Cr, Fe, and Zn in rainy season were 0.2863, 1.3876, 0.4775, 

4.5138, 0.2720, 9.0795 and 0.4484 mg/kg respectively. While the mean 

concentrations of Cd, Mn, Pb, As, Cr, Fe, and Zn in dry season were 0.3959, 3.0005, 

0.5075, 4.8287, 0.8461, 8.6390, 1.1161 and 2.7620 mg/kg respectively. These 

concentration levels are comparable to those of other studies (Opaluwa et al, 2012; 

Adamu, 2014; Nkwocha et al., 2013; Defo et al, 2015). The study observed that the 

concentrations of each metal varied from one site to another. However, the amount of 

the metals detected fell below the ISS standards (2008). The mean concentration of 

Cadmium was lower than those of other metals may be as a result of mobility factor. 

The results as shown in figures 4.1 and 4.2, revealed that the distribution pattern of 

the heavy metals decreased as follows Cr < Cd < Zn < Pb < Mn < As < Fe for rainy 

season and Cd <  Pb < Cr < Zn < Mn < As < Fe for dry season using AAS while XRF 

has a uniform pattern of distribution in both seasons Cd < Zn < As < Pb < Mn < Cr 



81 

 

<Fe. This distribution pattern observed compares with those of other studies (Manta 

et al., 2002; Bentum et al., 2010). Concentrations of the heavy metals in the rainy 

season were less than the concentrations of heavy metals in the dry season with the 

two analytical instruments. More so, the ANOVA of the metal concentration showed 

a significance difference (in all the cases) at P<0.05. This is because the p-value (sig.) 

is less than 0.05 and the null hypotheses were rejected. Therefore, there is a significant 

difference in the mean level of heavy metal concentrations in rainy and dry seasons 

by AAS and XRF. This is in line with previous studies (Opaluwa et al., 2012; Adamu, 

2014; Nkwocha et al., 2013). 
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CONCLUSION AND RECOMMENDATIONS 

4.5: Conclusion 

The study detailed the metal pollutant concentrations of the eight locations in Okigwe 

metropolis and from the concentration obtained (Cr, Zn, Cd, Mn, Pb, As, Fe) in the 

soil samples, Fe had the highest concentration level in both season and in the two 

instruments used in the study followed by As while Pb had the least value in both 

seasons using AAS instrument. Similarly iron also had the highest concentration level 

while cadmium had the least with XRF instrument Fe was above the international soil 

standard (2008) in Rev Mann, Ogui road, and Ubahu road and As was above the 

international soil standard (2008) in Market road, Umuchima road, Rev Mann, Ogui 

road, and Ubahu road, Agiriga road in both Rainy and dry season while other heavy 

metals were below the tolerance limit as proposed by the World Health Organization. 

Concentrations of the heavy metals in the rainy season were less than the 

concentration of heavy metals in the dry season with the two analytical instruments, 

This may be attributed to leaching by rain water during the rainy season. 

From the results of the two instruments, it was observed that samples analyzed with 

XRF have higher concentration than those of AAS which could be attributed to non 

digestion of sample before analysis, the sensitivity of the instruments and 

interference.  Also, there is a significant difference in the mean level of heavy metal 

concentrations in rainy and dry seasons by AAS and XRF.  
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4.6 : Recommendations 

1.  The state government should have its own vehicle inspection and maintenance 

facilities in order to ensure the roadworthiness of vehicles in the state. 

2.  There should be extensive awareness campaign on the adverse effect of 

pollution on the environment and the populace. 

3.  Appropriate legislation to enhance the performance of regulatory agencies 

should be provided and a technical committee should also be established in 

order to develop emission standards for Nigeria and provide a means for its 

implementation. 

4.  Enhancement of fuel quality and the placement of emission standards to 

mitigate the impact of vehicle emissions on human health should be adopted. 

5.  Remediation of overly contaminated soil should be introduced by using various 

techniques and technologies such as; isolation, immobilization, toxicity 

reduction, physical separation and extraction.  

 

 

 

 

 

 4.7: Contribution to knowledge 
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• The research has helped to establish data on the mean level of the heavy metal 

pollution (concentration) of Okigwe  metropolis .  

• It helped to establish the distribution pattern of heavy metals in the study area.  

• It will also help the State Government in their decision making in terms of 

industrialization policies.  

• It will also serve as a source of research information in future for those 

carrying out similar research. 
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APPENDIX 1: Heavy Metal Concentration (Rainy Season):AAS 

Descriptive 

HMC 

 

 

N Mean Std. Deviation Std. Error 95% Confidence Interval for 

Mean 

Minimum Maximum 

Lower Bound Upper Bound 

Cd 8 .2863 .36801 .13011 -.0214 .5939 .11 1.20 

Mn 8 1.3876 .46868 .16570 .9958 1.7795 .82 2.10 

Pb 8 .4775 .97940 .34627 -.3413 1.2963 .08 2.90 

As 8 4.5138 3.96318 1.40119 1.2005 7.8270 .00 9.62 

Cr 8 .2720 .61462 .21730 -.2418 .7858 .00 1.78 

Fe 8 9.0795 1.15299 .40764 8.1156 10.0434 6.42 10.03 

Zn 8 .4484 .33492 .11841 .1684 .7284 .21 1.16 

Total 56 2.3521 3.47624 .46453 1.4212 3.2831 .00 10.03 

  

 

ANOVA 

HMC 

 Sum of 

Squares 

Df Mean Square F Sig. 

Between Groups 532.750 6 88.792 32.990 .000 

Within Groups 131.883 49 2.691   

Total 664.632 55    

 

 

 

 

 

 

 

APPENDIX 2:Multiple Comparison-Dependent Variables of Heavy Metal Concetration 

Tukey HSD 
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(I) Metals (J) Metals Mean 

Difference (I-

J) 

Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 

Cd 

Mn -1.10138 .82029 .828 -3.6230 1.4202 

Pb -.19125 .82029 1.000 -2.7128 2.3303 

As -4.22750* .82029 .000 -6.7491 -1.7059 

Cr .01425 .82029 1.000 -2.5073 2.5358 

Fe -8.79325* .82029 .000 -11.3148 -6.2717 

Zn -.16212 .82029 1.000 -2.6837 2.3595 

Mn 

Cd 1.10138 .82029 .828 -1.4202 3.6230 

Pb .91012 .82029 .922 -1.6115 3.4317 

As -3.12613* .82029 .007 -5.6477 -.6045 

Cr 1.11562 .82029 .820 -1.4060 3.6372 

Fe -7.69188* .82029 .000 -10.2135 -5.1703 

Zn .93925 .82029 .911 -1.5823 3.4608 

Pb 

Cd .19125 .82029 1.000 -2.3303 2.7128 

Mn -.91012 .82029 .922 -3.4317 1.6115 

As -4.03625* .82029 .000 -6.5578 -1.5147 

Cr .20550 .82029 1.000 -2.3161 2.7271 

Fe -8.60200* .82029 .000 -11.1236 -6.0804 

Zn .02913 .82029 1.000 -2.4925 2.5507 

As 

Cd 4.22750* .82029 .000 1.7059 6.7491 

Mn 3.12613* .82029 .007 .6045 5.6477 

Pb 4.03625* .82029 .000 1.5147 6.5578 

Cr 4.24175* .82029 .000 1.7202 6.7633 

Fe -4.56575* .82029 .000 -7.0873 -2.0442 

Zn 4.06537* .82029 .000 1.5438 6.5870 

Cr 

Cd -.01425 .82029 1.000 -2.5358 2.5073 

Mn -1.11562 .82029 .820 -3.6372 1.4060 

Pb -.20550 .82029 1.000 -2.7271 2.3161 

As -4.24175* .82029 .000 -6.7633 -1.7202 

Fe -8.80750* .82029 .000 -11.3291 -6.2859 

Zn -.17637 .82029 1.000 -2.6980 2.3452 

Fe 

Cd 8.79325* .82029 .000 6.2717 11.3148 

Mn 7.69188* .82029 .000 5.1703 10.2135 

Pb 8.60200* .82029 .000 6.0804 11.1236 

As 4.56575* .82029 .000 2.0442 7.0873 

Cr 8.80750* .82029 .000 6.2859 11.3291 

Zn 8.63112* .82029 .000 6.1095 11.1527 

Zn 

Cd .16212 .82029 1.000 -2.3595 2.6837 

Mn -.93925 .82029 .911 -3.4608 1.5823 

Pb -.02913 .82029 1.000 -2.5507 2.4925 

As -4.06537* .82029 .000 -6.5870 -1.5438 

Cr .17637 .82029 1.000 -2.3452 2.6980 

Fe -8.63112* .82029 .000 -11.1527 -6.1095 

*. The mean difference is significant at the 0.05 level. 

 



99 

 

 

 

 

 

APPENDIX 3: Heavy Metal Concentration (Dry Season):ASS 

  

Descriptives 

HMC 

 N Mean Std. Deviation Std. Error 95% Confidence Interval for 

Mean 

Minimum Maximum 

Lower Bound Upper Bound 

Cd 8 .3959 .64127 .22672 -.1402 .9320 .09 1.98 

Mn 8 3.0005 .76886 .27183 2.3577 3.6433 2.03 3.75 

Pb 8 .5075 1.08671 .38421 -.4010 1.4160 .04 3.19 

As 8 4.8287 3.59601 1.27138 1.8224 7.8351 .00 8.43 

Cr 8 .8461 .68062 .24064 .2771 1.4151 .01 1.85 

Fe 8 8.6390 3.50839 1.24040 5.7059 11.5721 .00 10.22 

Zn 8 1.1161 .66343 .23456 .5615 1.6708 .63 2.59 

Total 56 2.7620 3.42640 .45787 1.8444 3.6796 .00 10.22 

 

 

ANOVA 

HMC 

 Sum of 

Squares 

Df Mean Square F Sig. 

Between Groups 447.426 6 74.571 18.428 .000 

Within Groups 198.288 49 4.047   

Total 645.714 55    

 

 

 

 

 

 

APPENDIX 4:Multiple Comparisons of HMC 

Dependent Variable: HMC  

 Tukey HSD 
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(I) Metals (J) Metals Mean 

Difference (I-

J) 

Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 

Cd 

Mn -2.60463 1.00582 .152 -5.6965 .4873 

Pb -.11163 1.00582 1.000 -3.2035 2.9803 

As -4.43287* 1.00582 .001 -7.5248 -1.3410 

Cr -.45025 1.00582 .999 -3.5422 2.6417 

Fe -8.24313* 1.00582 .000 -11.3350 -5.1512 

Zn -.72025 1.00582 .991 -3.8122 2.3717 

Mn 

Cd 2.60463 1.00582 .152 -.4873 5.6965 

Pb 2.49300 1.00582 .190 -.5989 5.5849 

As -1.82825 1.00582 .543 -4.9202 1.2637 

Cr 2.15438 1.00582 .345 -.9375 5.2463 

Fe -5.63850* 1.00582 .000 -8.7304 -2.5466 

Zn 1.88438 1.00582 .507 -1.2075 4.9763 

Pb 

Cd .11163 1.00582 1.000 -2.9803 3.2035 

Mn -2.49300 1.00582 .190 -5.5849 .5989 

As -4.32125* 1.00582 .002 -7.4132 -1.2293 

Cr -.33862 1.00582 1.000 -3.4305 2.7533 

Fe -8.13150* 1.00582 .000 -11.2234 -5.0396 

Zn -.60862 1.00582 .996 -3.7005 2.4833 

As 

Cd 4.43287* 1.00582 .001 1.3410 7.5248 

Mn 1.82825 1.00582 .543 -1.2637 4.9202 

Pb 4.32125* 1.00582 .002 1.2293 7.4132 

Cr 3.98262* 1.00582 .004 .8907 7.0745 

Fe -3.81025* 1.00582 .007 -6.9022 -.7183 

Zn 3.71262* 1.00582 .009 .6207 6.8045 

Cr 

Cd .45025 1.00582 .999 -2.6417 3.5422 

Mn -2.15438 1.00582 .345 -5.2463 .9375 

Pb .33862 1.00582 1.000 -2.7533 3.4305 

As -3.98262* 1.00582 .004 -7.0745 -.8907 

Fe -7.79287* 1.00582 .000 -10.8848 -4.7010 

Zn -.27000 1.00582 1.000 -3.3619 2.8219 

Fe 

Cd 8.24313* 1.00582 .000 5.1512 11.3350 

Mn 5.63850* 1.00582 .000 2.5466 8.7304 

Pb 8.13150* 1.00582 .000 5.0396 11.2234 

As 3.81025* 1.00582 .007 .7183 6.9022 

Cr 7.79287* 1.00582 .000 4.7010 10.8848 

Zn 7.52287* 1.00582 .000 4.4310 10.6148 

Zn 

Cd .72025 1.00582 .991 -2.3717 3.8122 

Mn -1.88438 1.00582 .507 -4.9763 1.2075 

Pb .60862 1.00582 .996 -2.4833 3.7005 

As -3.71262* 1.00582 .009 -6.8045 -.6207 

Cr .27000 1.00582 1.000 -2.8219 3.3619 

Fe -7.52287* 1.00582 .000 -10.6148 -4.4310 

*. The mean difference is significant at the 0.05 level. 
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APPENDIX 5: Heavy Metal Concentration (Rainy Season):XRF 

 

Descriptive 

HMC 

 N Mean Std. Deviation Std. Error 95% Confidence Interval for 

Mean 

Minimum Maximum 

Lower Bound Upper Bound 

Cd 8 .1000 .00000 .00000 .1000 .1000 .10 .10 

Mn 8 15.9000 4.24668 1.50143 12.3497 19.4503 9.90 22.90 

Pb 8 14.0625 4.11719 1.45565 10.6204 17.5046 8.30 19.90 

As 8 6.6125 3.34469 1.18253 3.8163 9.4087 2.10 11.20 

Cr 8 23.7750 5.19553 1.83690 19.4314 28.1186 17.70 32.80 

Fe 8 43455.0000 16135.75090 5704.84944 29965.1747 56944.8253 28180.00 71860.00 

Zn 8 5.4200 2.54529 .89990 3.2921 7.5479 2.50 9.08 

Total 56 6217.2671 16384.35821 2189.45196 1829.5074 10605.0269 .10 71860.00 

 

 

ANOVA 

HMC 

 Sum of 

Squares 

Df Mean Square F Sig. 

Between Groups 
12942057910.

772 
6 

2157009651.7

95 
57.992 .000 

Within Groups 
1822537757.5

12 
49 37194648.112 

  

Total 
14764595668.

284 
55 

   

 

 

 

APPENDIX 6:Multiple Comparisons of HMC 

Dependent Variable: HMC  

 Tukey HSD 

(I) 

SAMPLES 

(J) 

SAMPLES 

Mean 

Difference (I-

J) 

Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 

Cd 

Mn -15.80000 3049.37076 1.000 -9389.6714 9358.0714 

Pb -13.96250 3049.37076 1.000 -9387.8339 9359.9089 

As -6.51250 3049.37076 1.000 -9380.3839 9367.3589 

Cr -23.67500 3049.37076 1.000 -9397.5464 9350.1964 

Fe -43454.90000* 3049.37076 .000 -52828.7714 -34081.0286 

Zn -5.32000 3049.37076 1.000 -9379.1914 9368.5514 
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Mn 

Cd 15.80000 3049.37076 1.000 -9358.0714 9389.6714 

Pb 1.83750 3049.37076 1.000 -9372.0339 9375.7089 

As 9.28750 3049.37076 1.000 -9364.5839 9383.1589 

Cr -7.87500 3049.37076 1.000 -9381.7464 9365.9964 

Fe -43439.10000* 3049.37076 .000 -52812.9714 -34065.2286 

Zn 10.48000 3049.37076 1.000 -9363.3914 9384.3514 

Pb 

Cd 13.96250 3049.37076 1.000 -9359.9089 9387.8339 

Mn -1.83750 3049.37076 1.000 -9375.7089 9372.0339 

As 7.45000 3049.37076 1.000 -9366.4214 9381.3214 

Cr -9.71250 3049.37076 1.000 -9383.5839 9364.1589 

Fe -43440.93750* 3049.37076 .000 -52814.8089 -34067.0661 

Zn 8.64250 3049.37076 1.000 -9365.2289 9382.5139 

As 

Cd 6.51250 3049.37076 1.000 -9367.3589 9380.3839 

Mn -9.28750 3049.37076 1.000 -9383.1589 9364.5839 

Pb -7.45000 3049.37076 1.000 -9381.3214 9366.4214 

Cr -17.16250 3049.37076 1.000 -9391.0339 9356.7089 

Fe -43448.38750* 3049.37076 .000 -52822.2589 -34074.5161 

Zn 1.19250 3049.37076 1.000 -9372.6789 9375.0639 

Cr 

Cd 23.67500 3049.37076 1.000 -9350.1964 9397.5464 

Mn 7.87500 3049.37076 1.000 -9365.9964 9381.7464 

Pb 9.71250 3049.37076 1.000 -9364.1589 9383.5839 

As 17.16250 3049.37076 1.000 -9356.7089 9391.0339 

Fe -43431.22500* 3049.37076 .000 -52805.0964 -34057.3536 

Zn 18.35500 3049.37076 1.000 -9355.5164 9392.2264 

Fe 

Cd 43454.90000* 3049.37076 .000 34081.0286 52828.7714 

Mn 43439.10000* 3049.37076 .000 34065.2286 52812.9714 

Pb 43440.93750* 3049.37076 .000 34067.0661 52814.8089 

As 43448.38750* 3049.37076 .000 34074.5161 52822.2589 

Cr 43431.22500* 3049.37076 .000 34057.3536 52805.0964 

Zn 43449.58000* 3049.37076 .000 34075.7086 52823.4514 

Zn 

Cd 5.32000 3049.37076 1.000 -9368.5514 9379.1914 

Mn -10.48000 3049.37076 1.000 -9384.3514 9363.3914 

Pb -8.64250 3049.37076 1.000 -9382.5139 9365.2289 

As -1.19250 3049.37076 1.000 -9375.0639 9372.6789 

Cr -18.35500 3049.37076 1.000 -9392.2264 9355.5164 

Fe -43449.58000* 3049.37076 .000 -52823.4514 -34075.7086 

*. The mean difference is significant at the 0.05 level. 

 

 

 

 

 

APPENDIX 7: Heavy Metal Concentration (Dry Season):XRF and ANOVA 

 

Descriptive 

HMC 
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ANOVA 

HMC 

 Sum of 

Squares 

Df Mean Square F Sig. 

Between Groups 
13483425635.

444 
6 

2247237605.9

07 
57.266 .000 

Within Groups 
1922851774.8

19 
49 39241872.955 

  

Total 
15406277410.

263 
55 

   

 

 

 

 

 

 

 

APPENDIX 8: Multiple Comparisons of HMC 

Dependent Variable: HMC  

 Tukey HSD 

 

(I) 

SAMPLES 

(J) 

SAMPLES 

Mean 

Difference (I-

J) 

Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 

Cd 

Mn -16.90000 3132.16670 1.000 -9645.2890 9611.4890 

Pb -14.83750 3132.16670 1.000 -9643.2265 9613.5515 

As -7.35000 3132.16670 1.000 -9635.7390 9621.0390 

Cr -24.03750 3132.16670 1.000 -9652.4265 9604.3515 

Fe -44354.90000* 3132.16670 .000 -53983.2890 -34726.5110 

Zn -6.19000 3132.16670 1.000 -9634.5790 9622.1990 

Mn Cd 16.90000 3132.16670 1.000 -9611.4890 9645.2890 

 N Mean Std. Deviation Std. Error 95% Confidence Interval for 

Mean 

Minimum Maximum 

Lower Bound Upper Bound 

Cd 8 .1000 .00000 .00000 .1000 .1000 .10 .10 

Mn 8 17.0000 4.30448 1.52186 13.4014 20.5986 10.40 24.20 

Pb 8 14.9375 3.98100 1.40750 11.6093 18.2657 9.20 20.00 

As 8 7.4500 3.59166 1.26984 4.4473 10.4527 2.10 12.40 

Cr 8 24.1375 5.20959 1.84187 19.7822 28.4928 18.50 34.50 

Fe 8 44355.0000 16573.86583 5859.74646 30498.9014 58211.0986 29120.00 73560.00 

Zn 8 6.2900 2.77493 .98109 3.9701 8.6099 2.90 10.00 

Total 56 6346.4164 16736.61061 2236.52367 1864.3228 10828.5100 .10 73560.00 
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Pb 2.06250 3132.16670 1.000 -9626.3265 9630.4515 

As 9.55000 3132.16670 1.000 -9618.8390 9637.9390 

Cr -7.13750 3132.16670 1.000 -9635.5265 9621.2515 

Fe -44338.00000* 3132.16670 .000 -53966.3890 -34709.6110 

Zn 10.71000 3132.16670 1.000 -9617.6790 9639.0990 

Pb 

Cd 14.83750 3132.16670 1.000 -9613.5515 9643.2265 

Mn -2.06250 3132.16670 1.000 -9630.4515 9626.3265 

As 7.48750 3132.16670 1.000 -9620.9015 9635.8765 

Cr -9.20000 3132.16670 1.000 -9637.5890 9619.1890 

Fe -44340.06250* 3132.16670 .000 -53968.4515 -34711.6735 

Zn 8.64750 3132.16670 1.000 -9619.7415 9637.0365 

As 

Cd 7.35000 3132.16670 1.000 -9621.0390 9635.7390 

Mn -9.55000 3132.16670 1.000 -9637.9390 9618.8390 

Pb -7.48750 3132.16670 1.000 -9635.8765 9620.9015 

Cr -16.68750 3132.16670 1.000 -9645.0765 9611.7015 

Fe -44347.55000* 3132.16670 .000 -53975.9390 -34719.1610 

Zn 1.16000 3132.16670 1.000 -9627.2290 9629.5490 

Cr 

Cd 24.03750 3132.16670 1.000 -9604.3515 9652.4265 

Mn 7.13750 3132.16670 1.000 -9621.2515 9635.5265 

Pb 9.20000 3132.16670 1.000 -9619.1890 9637.5890 

As 16.68750 3132.16670 1.000 -9611.7015 9645.0765 

Fe -44330.86250* 3132.16670 .000 -53959.2515 -34702.4735 

Zn 17.84750 3132.16670 1.000 -9610.5415 9646.2365 

Fe 

Cd 44354.90000* 3132.16670 .000 34726.5110 53983.2890 

Mn 44338.00000* 3132.16670 .000 34709.6110 53966.3890 

Pb 44340.06250* 3132.16670 .000 34711.6735 53968.4515 

As 44347.55000* 3132.16670 .000 34719.1610 53975.9390 

Cr 44330.86250* 3132.16670 .000 34702.4735 53959.2515 

Zn 44348.71000* 3132.16670 .000 34720.3210 53977.0990 

Zn 

Cd 6.19000 3132.16670 1.000 -9622.1990 9634.5790 

Mn -10.71000 3132.16670 1.000 -9639.0990 9617.6790 

Pb -8.64750 3132.16670 1.000 -9637.0365 9619.7415 

As -1.16000 3132.16670 1.000 -9629.5490 9627.2290 

Cr -17.84750 3132.16670 1.000 -9646.2365 9610.5415 

Fe -44348.71000* 3132.16670 .000 -53977.0990 -34720.3210 

*. The mean difference is significant at the 0.05 level. 

 

 

 

 

 

 


