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Abstract:
The study assessed the concentration of Zn, Fe, Pb, Cu, Mn and Cr in soils and
contamination index found in residential, agricultural, market, institutional, mechanic
workshop and filling station in Ojo area Lagos State. Random sampling technique was
employed to collect 12 surface soil samples (2 soil samples for each land use) using a
soil auger and analysed using standard laboratory procedures. The study found that
the contents of Zn, Fe, Pb, Cu, Mn and Cr were far below WHO permissible level as
the land uses generated very low quantities of heavy metals. The order of metal
concentration was Fe>Cu>Zn>Mn>Cr>Pb; which implied that Fe and Cu had
increased concentrations, while the order of land use with increased heavy metal
contamination
in
the
soil
was
mechanic
workshop>agricultural>market>residential>institutional>filling station. Positive and
significant associations between heavy metals were found between Fe and Zn, Mn and
Zn, Mn and Cu, Cr and Zn, Cr and Cu and Cr and Mn. Results of contamination factor
of heavy metal indicated low contamination factor. Also, the degree of contamination
indicated low degree of metal contamination, while the pollution index revealed
absence of pollution concern in spite of the numerous human activities in the area.
Based on the results, the study suggested that though, the respective land uses had low
heavy metal level, the soils around agricultural area and mechanic workshop should
be monitored to control the gradual buildup of metals in the soil; because the activities
carried out in these two land uses had the potential of increasing the content of heavy
metal in the soil.
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1. Introduction
Globally, the geographic extent of urban development has undergone remarkable
change in the last 50 years. This is so as virtually every urban area in the world has
expanded substantially in land area in recent decades [1]. The changes of land use
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patterns certainly provide many social and economic benefits. Despite the social and
economic benefits, change in land use pattern come at a cost to the natural
environment. Land use change can simultaneously cause both beneficial and harmful
effects, because any change in land use has important consequences for many
biological, chemical, and physical processes in soils and so, indirectly, the
environment [2, 3]. Heavy metal concentrations in soil are associated with biological
and geochemical cycles and are influenced by anthropogenic activities such as
agricultural practices, industrial activities and waste disposal methods [4, 5; 6]. Heavy
metals or trace metals is the term applied to a large group of trace elements which are
both industrially and biologically important.
Heavy metal is the most widely used term for the large group of elements with an
atomic density greater than 6g/cm3 [7] The normal abundance of an element is
commonly referred to by geochemists as background; this varies according to the
geology and soil type of an area, with initial hydrological processes (including land
runoff and through flow) provide the initial transportation of heavy metals. In an ideal
world, heavy metal concentrations and movements limited by natural environmental
conditions would pose for a more sustainable environment. However human
(anthropogenic) influences have impacted significantly causing environmental
implications most commonly pollution and contamination of subsurface soils and
groundwater [6, 7, 8]. Heavy metal pollution can affect all environments but its effect
is most long lasting in soils due to relatively strong adsorption of many metals on
loamy and clay colloid of soil [9]. The changes in urban land use pattern mostly
residential, industries, parking facilities and road networks among others have
significant influence on the accumulation of heavy metals in the soil [8, 10].
Contamination of roadside soils with heavy metals arises from various sources such
as vehicles, road wear, and slipperiness control industries. Trace metal concentrations,
such as Cd, Cu, Zn, and particularly Pb in surface soils have been the focus of many
investigations. Accumulation of these metals in surface soil is greatly influenced by
traffic volume and motor vehicles, which introduce a number of toxic metals into the
atmosphere [11]. Land use change is arguably the most pervasive socioeconomic
force driving changes and degradation of ecosystems. Soil pollution by heavy metals
as a result of human activities is causing serious ecological problems in many regions
of the world. Metals which are discharged into soil at increased concentrations in
sewage, industrial effluents or from mining operations can have severe toxicological
effects on humans and aquatic ecosystems [3, 12].
Bioaccumulation of these heavy metals in man, animals and plants result in metal
poisoning. Environmental heavy metal pollution is mainly of anthropogenic origin
and results from activities such as fossil fuels, vehicular emissions, industrial
emissions, landfill leachates, fertilizers, sewage and municipal wastes. These are
surely the implication of changing land use pattern in the urban space mostly the
change to industrial land uses [10]. Several studies have been carried out to assess of
heavy metals in the soil under different land uses [7, 10, 13]. These studies examined
heavy metal contaminations in the soils under motor parks, roadside, dumpsite,
mechanic shops, industrial area, market/commercial land use and residential. These
studies did not consider the various types of vehicular parking areas such as filling
station that has the possibility of releasing metal into the soil. Human activities in this
area have the likelihood of triggering heavy metal accumulation cum contamination in
the soil. This study therefore will examine the contribution of this neglected land use
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on the bioaccumulation of heavy metals in the soil. The study examined the spatial
variation of heavy metal concentration under different urban land uses in Lagos State.
1.1. Literature Review
Literature shows that land use change can concurrently cause both beneficial and
harmful effects, because any change in land use has important consequences for many
biological, chemical, and physical processes in soils and so, indirectly, the
environment [13]. Utang et al., [14] examined the impacts of automobile workshops
on heavy metals concentrations in urban soils in Obio/Akpor LGA, Rivers State,
Nigeria. Findings revealed that heavy metals were generally higher in soils under the
influence of automobile workshop than the areas farther but Pb was higher than Hg
and Cd. The mean values of Hg, Pb and Cd were 3.07, 91.03 and 5.63 mg/kg
respectively in soils under the influence of automobile workshops and 0.03, 60.25 and
1.79 mg/kg, respectively in soils farther from the automobile workshop. Michael et al.,
[15] looked at the distribution of metals in the soil around a mega cement factory in
Gboko, Benue State. The study showed that soil has been affected by anthropogenic
activities, in particular the cement industry, leading to a high accumulation of heavy
metals compared with the natural background levels. Similarly, [16] assessed soil
contamination considering background concentrations and revealed that agricultural
soils were more contaminated by heavy metals than green space soils. The study
showed that external sources of heavy metals were mainly from pesticides, fertilizers,
and atmospheric deposition. Yusuf [17] evaluated heavy metals in the soils of urban
and periurban irrigated land in Kano, northern Nigeria. The result showed that the
high density, heavily populated areas with activities, such as sewage and sludge
disposal, with high concentration of traffic and automobile combustion are prone to
danger of soil contamination with heavy metals especially Mn, Cu, Ni, Fe and Zn.
Ghorbani et al., [13] studied the concentrations of heavy metals in three types of land
uses including agricultural, natural and industrial lands of Golestan province. The
results obtained indicated no significant heavy metals pollution, except for As (arsenic)
and Se (Selenium) and especially in soils of agricultural lands which are affected by
anthropogenic activities. These studies among several others have shown the
possibility of different land uses to bring about heavy metal pollution. Also, few of
these studies examined the level of heavy metal in filling stations which is one of the
common land uses in urban areas due to their increasing demands.

2. Materials and Methods
2.1. Study Area
Lagos State is located at 6°34′60′′N and 3°19′59′′E. The State is located within the
low-lying coastal zone which stretches west ways from the Niger Delta to the
Nigerian border with the Republic of Benin. It separates the main land sedimentary
basin of south-western Nigeria from the coastline which dominated by a set of creeks,
lagoons and rivers. Lagos State enjoys the West-African mansoom climate marked by
district seasonal shift in wind air mass otherwise known as South-West trade wind
which blows inland from the Atlantic Ocean between May and October. While the
influence of Tropical continental air-mass otherwise known as North-East trade wind
is experienced from November to April, which is characterized by the dry season.
Lagos State is Nigeria’s Prime City and commercial nerve centre with diverse
transportation facilities that serve the daily needs of thousands of people in the state.
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2.2. Types and Sources of Data
This study principally used primary data. The primary data required for this study
included: data on the concentration of Zn, Fe, Pb, Cu, Mn and Cr in soils of different
land uses and data on metal pollution indices (contamination pollution load index,
contamination factors and degree of contamination). Data on the contents of Zn, Fe,
Pb, Cu, Mn and Cr were collected using a soil auger at depth of 0 – 15cm in the
following land uses: residential, agricultural, market, institutional, mechanic
workshop and filling station. Data on metal pollution indices depended on surrogate
data (combination of soil data obtained from the various land uses). Background rock
value or concentration which is value of the metal equals to the world surface rock
average given by Martin and Meybeck (1979) cited in [18] was used as the control.
This background rock value or concentration enables the concentration of metals to be
compared with those obtained from the various land uses.
2.3. Sampling Technique
Random sampling techniques were employed. The sampling technique was used to
select the following land uses: residential, agricultural, market, institutional, mechanic
workshop and filling station. Also, random sampling technique was used to collect
soil samples. In each selected land use, surface soil samples were randomly collected
from two points using a soil auger. The two soil samples at each site were collected
and stored in a plastic bag. In all, 12 surface soil samples were collected (two soil
samples for each land use). The collected surface soil samples were stored in black
polythene bags, properly labeled, geo-referenced, air-dried and taken to the laboratory
for analysis of Zn, Fe, Pb, Cu, Mn and Cr.
2.4. Method of Data Collection and Analysis
Surface soil samples from the identified land uses were collected by the researcher.
Soil auger and GPS, notebook and camera were used during data collection. Soil
samples in all the land uses in the study were collected at a depth of 0 – 15cm using a
soil auger. During data collection, quality assurance was strictly followed and soil
samples were guided against any form of contamination. Data obtained were analysed
using tables, averages, chart and Spearman’s correlation.
2.5. Assessment of Heavy Metal Pollution Indices in the Soils
Soil result obtained from the laboratory on metals concentration in the soils of the
respective land uses and the control was used to determine the following level metal
pollution indices: contamination factor, pollution load index and degree of
contamination.
 Contamination Factor (Cf) which is the ratio of the concentration of each metal to
the background or control concentration in the soil is defined thus:
Contamination factor (Cf) = Heavy metal concentration in soils of the land uses
Heavy metal concentration in the control soil
The Cf values show that Cf<1 as low contamination; 1<Cf<3 as moderate
contamination; 3<Cf< 6 as considerable contamination, while 6<Cf as very high
contamination.
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 Pollution load index in each land use was evaluated in order to assess the extent
of metal pollution by employing the method based on the pollution load index
(PLI) developed by Thomilson et al., (1980) cited in [19] as follows:
PLI = (Cf1 ×Cf2× Cf3× Cf4….Cf n) 1/n
Where n is the number of metals studied and Cf is the contamination factor. The
PLI provides simple but comparative means for assessing a site quality. A PLI value
close to one indicates heavy metal loads near the control or background level, while
values above one indicate soil pollution. Therefore, soils with PLI value of more than
1 are polluted, whereas values less than 1 indicate no pollution [20].
 Degree of contamination is defined as the sum of all contamination factors (Cf)
for a given set of pollutants [19, 21]. Where Cf is contamination factor and n is
the number of analysed elements. It is defined as follows:
Cd = ∑Cf
Cd values of Cd<5 implies low contamination; 5<Cd<10 means moderate
contamination; 10<Cd<20 shows considerable contamination, while 20<Cd implies
very high contamination.

3. Results and Discussion
3.1. Spatial Variation in Heavy Metal Contents in the Soil
The result in Table 1 and Figure 1 show the spatial concentration of heavy metal in
soil across different land uses in Ojo area Lagos State. The result showed that the
mean content of Zn in the studied land use soils ranged from 0.002 to 0.061mg/kg
(Table 1). The concentrations of Zn reported in this study are fall below the range of
6.23 to 141.1mg/kg reported by [22] in Lagos State. It is also below the range of
25.87 to 198.32mg/kg reported in Lagos State by [23]. The result showed that
increasing level of Zn contents was found in agricultural area (0.061mg/kg) and
mechanic workshop (0.046mg/kg). The general result shows that soils across the
sampled land uses in the area have low Zn input, which implies that the land uses
generate low amount of Zn. Though with increasing concern in agricultural and
mechanic workshop land uses. These land uses show sign of Zn contamination in the
future which is unconnected to the nature of activities carried out in them. The
concentrations of Zn in the soils of the various land uses fall within WHO threshold
300mg/kg for Zn concentration in the soil [24]. High Zn content in the soil interrupt
the activity in soils, and can negatively influence the activity of microorganisms and
earthworms, thus retarding the breakdown of organic matter. High Zn content can
cause anemia, nervous system disorders, damage to the pancreas and lowered levels
of “good” cholesterol. On zinc-rich soils only a limited number of plants have a
chance of survival.
Fe content ranged from 0.005 to 0.140mg/kg with high and low concentrations
observed in agricultural area (0.140mg/k) and residential area (0.005mg/kg). The
concentrations of Fe reported in this study are fall below the range of 1.77 to
28.91mg/kg reported by [22] in Lagos State. It is also far within the range of 12.8 to
46.8mg/kg reported in Lagos by [25]. The contents of Fe in the studied land uses are
within WHO permissible level of 5000mg/kg set in soil indicating very low Fe
concentration in the studied soils and land uses. It also means that the studied land
uses in Ojo area generate very low quantities of Fe. Implying that the activities carried
Submitted to Environment, page 55-62

www.itspoa.com/journal/envi

VOLUME 1, 2017

out in the diverse land uses do not result in Fe pollution. The land uses with level of
Fe of future concern were agricultural and market area. The activities in these areas
need to be properly managed to reduce Fe pollution. More so, the mean content of
lead (Pb) in soils of the different land uses ranged from 0.006 to 0.009mg/kg with low
and high values recorded in mechanic workshop and filling station. Pb was not
detected in residential, agricultural, market and institutional land uses which simply
means that these land uses do not generate Pb; hence, the absence of pollution or
concentration in the respective soils.
The mean concentration obtained in this present study is far lower than the range of
30-50 mg/kg reported by Nriagu (1992) cited in [23] as the typical concentration of
lead in urban soils of African cities which means its concentration in the respective
soils is not a cause for concern. The Pb values in this study are far below the values
reported in Lagos State by [23] with range of 5.57 to 69.2mg/kg. It is far below the
range of 1.12 to 59.8mg/kg reported by [22]. The concentration of Pb in the soil
within the limit of 100 mg/kg and 70mg/kg set out by WHO. It therefore means that
the concentration of Pb in soils of the respective land uses is not harmful to biotic
lives. Atuanya and Oseghe [26] noted that higher lead concentration in soils has toxic
effect on microorganisms inhabiting the soil which consequently alters the flora and
fauna of a location. According to [27]), Pb is not an essential element and it is well
known to be toxic and its effects have been more extensively reviewed than the
effects of other trace metals. Pb can cause serious injury to the brain, nervous system,
red blood cells, and kidneys. Exposure to Pb can result in a wide range of biological
effects depending on the level and duration of exposure. Various effects occur over a
broad range of doses, with the developing young and infants being more sensitive
than adults. Pb poisoning, which is so severe as to cause evident illness, is now very
rare. Pb performs no known essential function in the human body, it can merely do
harm after uptake from food, air, or water.

Figure 1. Heavy metal concentration across different urban land uses in Ojo.

The mean concentration of copper (Cu) across the various land uses ranged from
0.004 to 0.075mg/kg (Figure 1). High Cu values were found in agricultural area, while
institutional area had the lowest concentration of Cu. The Cu values reported in this
study are far lower than the range of 0.93 to 131.7mg/kg reported by [22]. It is also
below the range of 2.40 to 6.60mg/kg reported in Lagos State by [28]. The level of Cu
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recorded across the various land uses in the present study is lower falls within WHO
100mg/kg threshold for the concentration of Cu in the soil. The result in Table 1
shows that the respective soils have low Cu content implying low anthropogenic
influence or inputs. Copper is the third most used metal in the world. Copper is an
essential micronutrient required in the growth of both plants and animals. According
to [27], in humans, Cu helps in the production of blood haemoglobin. In plants, Cu is
especially important in seed production, disease resistance, and regulation of water.
Copper is indeed essential, but in high doses it can cause anaemia, liver and kidney
damage, and stomach and intestinal irritation [27]. Thus, the Cu level reported in the
present study does not pose any threat to biotic lives.
Also, the result in Table 1 and Figure 1 showed that the mean concentration of
manganese (Mn) across the various land uses ranged from 0.002 to 0.046mg/kg. High
Mn values were found in agricultural area, while institutional area had the lowest
concentration of Mn. The level of Mn recorded across the various land uses in the
present study is lower falls within WHO 200mg/kg threshold for the concentration of
M in the soil. The result obtained shows that the respective soils have low Mn content
also implying low anthropogenic influence or inputs. Manganese is one of the most
abundant metals in soils. Manganese is one out of three toxic essential trace elements,
which means that it is not only necessary for humans to survive, but it is also toxic
when too high concentrations are present in a human body. When people do not live
up to the recommended daily allowances their health will decrease. But when the
uptake is too high health problems will also occur. The uptake of manganese by
humans mainly takes place through food, such as spinach, tea and herbs. Manganese
effects occur mainly in the respiratory tract and in the brains. Symptoms of
manganese poisoning are hallucinations, forgetfulness and nerve damage. Manganese
can also cause Parkinson, lung embolism and bronchitis. When men are exposed to
manganese for a longer period of time they may become impotent.
The mean content of Cr in the soil of the various land uses ranged from 0.001 to
0.009mg/kg (Table 1). The Cr content reported in this study is far lower than those
reported in Lagos State by [28] of range 0.24 – 2.20mg/kg. It is also far below the
values reported by [23] with range of 1.58 to 347mg/kg. The contents of Cr obtained
across the soils are far lower than the values of 80mg/kg maximum permissible level
in soil set by EU. Also, the concentrations of Cr in the soils of the various land uses
fall within WHO 100mg/kg maximum threshold [24]. It therefore means that the land
uses generate low quantities of Cr. The concentration of Cr in the soils may vary
considerably according to the natural composition of rocks and sediments that
compose them. The levels of chromium in the soil may increase mainly through
anthropogenic deposition, as for example atmospheric deposition, also dumping of
chromium-bearing liquids and solid wastes as chromium byproducts, ferrochromium
slag, or chromium plating baths. The result depicted in Table 1 identifies the order of
metal concentration in soil of the sampled land uses is as follows:
Fe>Cu>Zn>Mn>Cr>Pb; which implied that Fe and Cu have increased concentrations
in soils across the different land uses. Also, the order of land use with increased heavy
metal
contamination
is
as
follows;
mechanic
workshop>agricultural>market>residential>institutional>filling station. It therefore
means that mechanic workshop and agricultural generate more heavy metal resulting
in increased concentrations in the soil.
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Table 1. Heavy metal contents in soils across land uses.
Land uses
Residential
Market
Agriculture
Institutional
Mechanic workshop
Filling station

Mean concentration of heavy metal
Zn
Fe
Pb
Cu
(mg/kg)
(mg/kg)
(mg/kg)
(mg/kg)
0.002
0.005
0
0.042
0.007
0.113
0
0.048
0.061
0.14
0
0.075
0.003
0.058
0
0.004
0.046
0.3
0.009
0.04
0.007
0.016
0.006
0.009

Mn
(mg/kg)
0.019
0.008
0.046
0.002
0.016
0.004

Cr
(mg/kg)
0.001
0.003
0.007
0
0.009
0.003

3.2. Association Between Heavy Metals
The information in Table 2 shows the associations between metals in soils across
the various land uses in Ojo. This was achieved using Spearman’s correlation. The
result showed that there were positive and significant associations between Fe and Zn
(rho = 0.725, p<0.01), Mn and Zn (rho = 0.658, p<0.01), Mn and Cu (rho = 0.865,
p<0.01), Cr and Zn (rho = 0.752, p<0.01), Cr and Cu (rho = 0.666, p<0.05) and Cr
and Mn (rho = 0.787, p<0.01). The positive correlation coefficients suggest that an
increase in one metal will result in an increase in another metal and vice versa. For
instance, an increase in the content of Cr in the soil will bring about a corresponding
increase in the content of Mn. This applies to other metals with positive correlation
coefficients. The negative correlation coefficients imply that increase in a metal
content with result in a decrease in another metal. For instance, an increase in the
content of Pb in the soil will bring about a corresponding decrease in the content of
Cu. This also applies to other metals with negative correlation coefficients. The
positive association between the variables implies that they are likely influenced by
similar anthropogenic and natural factors, while the negative associations mean that
the various variables are not influenced by similar anthropogenic and environmental
factors [29].
Table 2. Zero order correlation matrixes.
Variables
Zn
Fe
Pb
Cu
Mn
Cr

Zn
1
0.725**
0.386
0.463
0.658*
0.752**

Fe

Pb

Cu

Mn

Cr

1
0.492
0.284
0.353
0.542

1
-0.104
0.000
0.479

1
0.865**
0.666*

1
0.787**

1

**Correlation is significant at the 0.01 level (2-tailed).
*Correlation is significant at the 0.05 level (2-tailed).

3.3. Contamination Factor (CF)
Table 3 showed result of the contamination factor for each element and across
different land uses. The result indicated that the mean level of metal contamination
ranged from 0.000 to 0.001. Based on Hakanson classification cited in [30], the values
across the land uses fall under the category of low contamination factor. These metals
had low contamination in the soils of the various land uses implying that the
anthropogenic activities carried out in these land uses did not result in soil
contamination. It therefore implies that the activities are no threat to heavy metal
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generation and pollution. In all, results of the contamination factor imply that the soils
in Ojo and across the land uses have low contamination for the respective metals.
Table 3. Contamination factor of metal in Ojo soils.
Land uses
Residential
Market
Agriculture
Institutional
Mechanic workshop
Filling station

Mean contamination factor
Zn
Fe
Pb
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.001
0.000
0.000
0.000

Cu
0.001
0.002
0.002
0.000
0.001
0.000

Mn
0.000
0.000
0.000
0.000
0.000
0.000

Cr
0.000
0.000
0.000
0.000
0.000
0.000

3.4. Degree of Contamination of Metal (CDEG)
Table 4 gives information on the mean degree of contamination (Cd) which is the
sum of all contamination factors (Cf) for a given set of pollutants [19]. The result
showed that the degree of contamination ranged from 0.000 to 0.003 indicating low
degree of metal contamination across the different land uses. Looking at the values for
respective land uses, it showed that all the land uses portrayed low degree of metal
contamination. The percentage of contamination across the land uses showed that 100%
of the land uses demonstrated low degree of contamination (LDC). This means that
the activities carried out in these land uses do not need to be put under control. This
suggests that the human activities around Ojo do not favour heavy metal
contamination in soils of the area.
Table 4. Mean degree of metal contamination in Ojo soil.
Land uses
Residential
Market
Agriculture
Institutional
Mechanic workshop
Filling station

Cdeg
0.001
0.002
0.003
0.000
0.002
0.001

3.5. Pollution Load Index (PLI)
The PLI value in Table 5 was 0 which was below unity (>1). This implies the
absence of metal pollution. Thus, the PLI of soils in Ojo obtained from different land
uses indicates the absence of pollution concern in spite of the numerous human
activities in the area.
Table 5. Pollution load index (PLI).
Land uses
Residential
Market
Agriculture
Institutional
Mechanic workshop
Filling station

PLI (mean values)
0
0
0
0
0
0

4. Conclusions
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The study has shown that anthropogenic factors or activities are responsible for the
accumulation of heavy metals in Ojo soil, Lagos State. In spite of the diverse human
activities, there is no pollution concern of metal in the study soil. This implies that the
respective human activities generate low metal in the soil; as such are not threat to
metal contamination. This is further portrayed by the low level of metal contamination
and degree of metal contamination in soils across the studied land uses. The study
shows that the contents of Zn, Fe, Pb, Cu, Mn and Cr are far lower than WHO
permissible limits. In today’s rapid urbanization and increasing human population, the
two important elements that the Town Planners have to deal with are primarily land
and water. Rapid urbanization processes has increased the rate of land use changes
with inherent implication on heavy metal pollution. The issue of metal pollution has
increased rapidly due to the rapid growth of urban population. The result obtained in
this study has shown the need of urban planning around Ojoo to maintain the low
level of metal contamination.
In trying to effectively plan the city or Lagos State, urban planners need to take into
cognizance the environmental implications of allocating a piece of land or an area for
development. Such implications or consideration should be on the effects of metal
contamination and pollution on available water sources, vegetation and soil and the
overall consideration of the human health. Infrastructural developments with inherent
metal pollution should be properly monitored and necessary remediation measures put
in place. Though, the respective land uses have low heavy metal level. The soils
around agricultural land use and mechanic workshop should be monitored to control
the gradual buildup of nutrient in the soil. The activities carried out in these two land
uses have the potential of increasing the content of heavy metal in the soil if not
adequately monitored. The contents of Fe and Cu should be regularly monitored by
government agencies because their concentration in the soil is showing some degree
of increased in comparison to others. Increased level of these metals can have health
effects on the people as well as other biotic elements in the environment.
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