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Abstract- In this research work the level and distribution pattern of the metals: Ni, Cr, Mn, and Fe were 
determined in soil samples collected within Maiduguri Metropolis. Samples were collected from places of 
high anthropogenic activity such as automobile maintenance workshop (AMW), Car park or Bus stops 
(CP), and the highways (HW) to places of low activity the Residential areas (RA) at the depth of 5 to 15cm. 
To avoid washing away of the metals by rainfall, all collections were done during the dry season in the 
month of September/October 2012 to April/May of the following year 2013. These periods are period of 
incessant wind and sandstorm marked with low or no rainfall in this part of the country (far

 
north-eastern 

part of Nigeria). Soil samples were analyzed using ICP-OES following digestion with aqua-regia and the 
results shows that; the levels; 14.48, 8264.17, 24.26, and 84.75μgg-1 were observed in the samples from 
AMW for the metals: Ni, Fe, Cr, and Mn respectively. The RA has the levels; 4.96, 804.50, 4.56, and 13.93 
μgg-1 for the metals; Ni, Fe, Cr, and Mn respectively. The HW and CP had level of the metals; greater 
than the RA but less than the AMW. The high concentration of the metal (Fe) in the

 
soil suggests that this 

metal could be mainly of natural origin with adequate contribution from anthropogenic influences. The 
concentrations of the metals was found to decrease with increasing distance from the places of high 
anthropogenic activity AMW, HW, CP to the places of less anthropogenic activities the RA. The 
distribution pattern of metals; Ni, Cr, Fe, and Mn in Maiduguri Metropolis could be arranged in the order; 
AMW > CP > HW > RA. This trend further confirms that automobiles are the main contributor of the 
heavy metals in the urban environment.  
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Spatial Distribution of the Heavy Metals: Ni, Fe, 
Cr, and Mn in Roadside Soils of Maiduguri 

Metropolis, Borno State Nigeria  
Garba, S. T.α, Akan, J. C.σ & Ahmed, I.ρ

Abstract- In this research work the level and distribution 
pattern of the metals: Ni, Cr, Mn, and Fe were determined in 
soil samples collected within Maiduguri Metropolis. Samples 
were collected from places of high anthropogenic activity such 
as automobile maintenance workshop (AMW), Car park or Bus 
stops (CP), and the highways (HW) to places of low activity the 
Residential areas (RA) at the depth of 5 to 15cm. To avoid 
washing away of the metals by rainfall, all collections were 
done during the dry season in the month of 
September/October 2012 to April/May of the following year 
2013. These periods are period of incessant wind and 
sandstorm marked with low or no rainfall in this part of the 
country (far north-eastern part of Nigeria). Soil samples were 
analyzed using ICP-OES following digestion with aqua-regia 
and the results shows that; the levels; 14.48, 8264.17, 24.26, 
and 84.75µgg-1 were observed in the samples from AMW for 
the metals: Ni, Fe, Cr, and Mn respectively. The RA has the 
levels; 4.96, 804.50, 4.56, and 13.93 µgg-1 for the metals; Ni, 
Fe, Cr, and Mn respectively. The HW and CP had level of the 
metals; greater than the RA but less than the AMW. The high 
concentration of the metal (Fe) in the soil suggests that this 
metal could be mainly of natural origin with adequate 
contribution from anthropogenic influences. The 
concentrations of the metals was found to decrease with 
increasing distance from the places of high anthropogenic 
activity AMW, HW, CP to the places of less anthropogenic 
activities the RA. The distribution pattern of metals; Ni, Cr, Fe, 
and Mn in Maiduguri Metropolis could be arranged in the 
order; AMW > CP > HW > RA. This trend further confirms that 
automobiles are the main contributor of the heavy metals in 
the urban environment.  
Keywords: pollution, automobiles, traffic, car parks, 
residential area, power generating plant, environment. 

I. Introduction 

edos means soil in Greek and the term 
pedosphere is used to donate the soil cover, the 
terrestrial part of the earth. Pedology is the 

science of soil and the method of studying and 
analyzing it. Soil is the main component of the 
biosphere, the vital layer of our planet. It is populated by 
various organisms ranging from tiny bacteria to higher 
plants, animals and human. It provides the means of 
physical support for all terrestrial organisms. Presence 
of heavy metals at elevated levels in the environment 
may   be   hazardous   to  human  health. In   the   urban  
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environment roadside soil has been identified as a sink 
for heavy metals. Moreover the road side soil is 
contaminated with heavy metal it can discharge these 
pollutants into the air and water sectors of the city’s 
environment. It is evident that the urban soil containing 
the heavy metal pose a serious threat to the safety of the 
human life by ingestion, inhaling (Wei and Yang, 2010) 
and through the direct contact with the soil on the road 
sides contaminated by heavy metal (Yang et al., 2010).  

Environmental pollution by heavy metals from 
road traffics emissions has become a serious issue in 
the recent past due to their long-term accumulation. 
Sources of heavy metals in soils in urban environment 
mainly include; its natural occurrence in the soil derived 
from parent materials and human activities which are 
associated with activities such as atmospheric 
deposition, industrial discharges, waste disposal, waste 
incineration, urban effluent, long-term application of 
sewage sludge, fertilizer application in soil, and vehicle 
exhausts (Bilos et al., 2001; Turer and Maynard, 2003). 
In many cities in the developing countries in the world, 
especially in Africa, Nigeria in particular, lack of access 
to land make many places to be used as garages, 
parks, including places such as road verges, and any 
other spot that motorist could occupy. All setbacks 
along major highways are occupied by motorist and the 
alarming rate at which this is going is unprecedented. 
The traffic source of pollutants includes vehicles tire 
wear, brake linings, fuel combustion, etc. (Pagotto et al., 
2001), and road infrastructure such as pavement wear, 
corrosion of galvanized steel, crash barriers, etc. It has 
been reported that the pollutants such as As, Cd, Cr, 
Cu, Ni, Pb and Zn due to traffic density are mostly found 
at high levels in soils at sites closer to the roadside that 
can even affect the environmental air quality (Culbard et 
al., 1988).  

These heavy metal pollutants, derived from a 
growing number of diverse anthropogenic sources, have 
had enormous impact on different ecosystem 
(Macfarlane and Burchett, 2002). In urban areas, heavy 
metals in the roadside soils can be accumulated in 
human body via direct inhalation, ingestion and dermal 
contact absorption (Poggio et al., 2008; Lim et al., 
2008). The majority of the heavy metals are toxic to the 
living organism and even those considered as essential 
can be toxic if present in excess. Excess heavy metals 
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can impair important biochemical process posing a 
threat to human health, plant growth and animal life 
(Ikenaka et al., 2010). Reports have shown that such 
pollutants can be harmful to the roadside vegetation, 
wildlife and the neighboring human settlements 
(Nakayama et al., 2010). A number of studies have 
indicated that such metals could be stored in fatty 
tissues of human beings and consequently affect the 
functions of the vital organs and disturb the nervous 
system and endocrine system (Ali and Malik 2010). 
Diseases related to high level of heavy metal in the 
system include lung tissue damage, respiratory illness, 
liver and kidney failure and others (Popescu, 2011). Cr 
for instance is carcinogenic and can lead to nasal 
septum perforation, asthma and liver damage, whereas 
Ni has been reported to cause nasal and lung cancer (Li 
et al., 2013). This paper is aimed at determining the level 
and distribution pattern of the heavy metals; Ni, Cr, Fe, 
and Mn in the roadside soils within Maiduguri 
Metropolis, the capital city of Borno state, Nigeria.  

a) Sample and Sampling Sites 
Samples were collected within Maiduguri 

metropolis. Four different sampling sites were 
designated for this study, these include: Car parks or 
bus stop (CP) this site covers areas of;  tashan Bama 
Motor Mark (Mari), Tashan Baga Motor Park (Baga 
Road), tashsn Kano Motor Park (Maduganari), 
maiduguri Terminus and Tashan Joni all within 
Maiduguri Metropolis. The Highways (HW) this site 
includes; the highway from Post Office to Tashan Baga; 
from Post Office to Tashan joni (Air port Road); from 
custom to the University compus; these are the bussiest 
roads within the Metropolis. Automobile Maintenance 
workshops (AMW) this site includes: the Bank of the 
north area of post office, Dauda mechanic workshop 
area of Leventis super market, and the automobile 

maintenance workshop around the flour mill area. And 
the Residential areas (RA), this site covers the areas of 
Jiddari Polo ward, Silimri ward, Sulemanti ward and 
Kafanti ward. These sites represent areas of high 
anthropogenic activities (automobile maintenance 
workshops, car parks, and highways) as well as areas of 
less activity (the residential areas). Five different 
samples were collected at each sampling site. Samples 
were collected at the depth of five

 
to fifteen centimeters 

from the surface and at the intervals of two meters apart 
using broom and hand trowel. To avoid washing away 
by rainfall, all collections were done during the dry 
season in the month of September/October 2012 to 
April/May of the following year 2013. These periods are 
period of incessant wind and sandstorm marked with 
low or no rainfall in this part of the country (far north-
eastern part of Nigeria). Samples collected were 
preserved in an acid prewashed cleaned polyethylene 
bags for subsequent analysis.

 
 

b) Sample Preparation and Analysis 
Composite samples collected were homoge-

nized, dried at 60°C to a constant weight, grounded into 
fine powder using an acid pre-washed mortar and 
pestle and sieved through a 2mm nylon sieve (Ikenaka 
et al., 2010). Analysis was done using ICP-OES 
following digestion with 10 ml Aqua regia (Akbar et al., 
2006) in a digestion tube, for the level of the metals: Ni, 
Cr, Fe, and Mn, in the soil samples.  

c) Statistical Data Handling 
All statistical data handling were performed 

using SPSS 17 package. Differences in heavy metal 
concentrations among the different sites of sampling 
were detected using One-way ANOVA, followed by 
multiple comparisons using Turkey tests. A significance 
level of (P ≤ 0.05) was used throughout the study. 

d)
 

Results and Discussion
 

Table 1
 
:  Mean concentration (µgg-1) of the Heavy metals in the soil from the Mechanical

 

                                      
  Sample          AMW           

 
   CP                  

 
    HW                   RA

                      ±SD            ±SD            ±SD
 

             ±SD
 

        
 

                                                
Ni                 14.86                 14.82                       13.20                   4.96

                
 
   

 
±5.40a                

 
±5.12c                    

 
±4.17e                ±2.00g       

 

                                                
Fe              8264.12            

 
5760.61                    6298.43               804.50

                     ±10.17              ±28.88               
 

    ±47.76                ±17.82      
 

                                               
Cr                24.26                

 
12.78                         4.78                     4.56

                      ±2.45a            ±1.59c                     ±1.36ef                ±1.17gx             
 

                                              
Mn

 
      84.75                

 
51.33                        12.96                   

 
13.93

                       ±4.01                ±2.22                      ±1.73ef       
 

       ±2.66gx    
 AMW= Automobile Maintenance Workshop, CP= Car parks or bus 

stops, HW=Highways and RA= Residential Areas. Differences of the 
mean values with bold small letters were found not significantly at (p≤ 
0.05) according to the Turkey test. Data are presented in mean ±SD (n 
= 5).   
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Heavy metals are a group of widespread 
pollutants in the environment that mostly originate from 
traffic emission, industrial activities, domestic emission 
and weathering of buildings and pavements (Kong et 
al., 2012). Although some natural activities result in the 
release of heavy metals in the environment, report has it 
that human activities contributed most to the release of 
this metals in the ecosystems (Sun et al., 2010). 

Table one shows the level and distribution 
pattern of the metals; Mn, Ni, Cr, and Fe determined in 
the soil samples collected within Maiduguri Metropolis, 
Borno state, Nigeria. The level of the observed metals 
was found in direct proportion with the activities 
occurring at the sampling sites. The observed level of 
manganese (Mn) ranged from 12.96µg/g - 84.75 µg/g 
with the automobile maintenance workshop (AMW) 
having the highest (84.75 µg/g) whereas the lowest level 
of 12.96 µg/g came from the highways (HW). In this 
study, the levels of manganese in soils were relatively 
low. The highest level of the metal (Mn) observed in this 
study was much lower than 95.48 mg/kg, 132 mg/kg 
and 408 mg/kg as reported by (Olukanni and Adebiyi, 
2012; Okunula and Uzairu, 2007; Ho and Tai, 1988). It 
has been reported that the level of manganese in the 
soil generally ranged between 200 – 3000 mg/kg 
(Lindsay and Norvell, 1979). Manganese has been 
reported to be relatively less toxic or harmless, in 
contact with human, the metal is absorb in the body and 
the excess excreted (Habeck, 1992). 

The level of the metal; Ni in Maiduguri 
Metropolis ranges from 4.96 µg/g-14.86µg/g. 
Automobile maintenance workshop (AMW) has the 
highest level of the metal (14.86 µg/g) whereas the 
residential area has the lowest value of 4.96 µg/g. Car 
parks or bus stops and the highways have the levels; 
14.82 and 13.20 µg/g respectively. The highest 
concentration of nickel (14.86 µg/g) observed in this 
study is lower than the highest concentration recorded 
for Lagos (42.73 mg/kg) (Olukanni and Adeoye, 2012). 
On international ground, the highest concentration of 
nickel (14.86µg/g) observed in this study was found 
lower than the highest levels recorded in Baoji 
72.1mg/kg (Li and Huang, 2007), Ethiopia, 200.6 mg/kg 
(Melaku et al., 2005) and India 1409 mg/kg (Abida et al., 
2009). On the other hand, this value 14.86 µg/g was 
higher than the concentration recorded in mubi 
(8.62µg/g) (Shingu et al., 2007). The lowest value of the 
metal; Ni observed from the residential areas in this 
study was found higher than what was observed in 
Enugu(0.8 mg/kg) and Otta Metropolis; 0.33 mg/kg 
(Ekere and Ukoha, 2013; Olukanni and Adebiyi, 2012). 
The distribution pattern of Ni in the environment could 
be arranged in the order; AMW > CP > HW > RA. 

The range of the level of nickel in roadside soil 
samples has been reported by Fergusson and Kim 
(1991) to be 50-100 μg/g, whereas in this study the 
range as shown in table was found far less than what 

was reported by Fergusson and Kim (1991) but the 
concentration is higher compared to what was observed 
in the less anthropogenic areas (the residential areas). 
The largest anthropogenic source of Ni in the urban 
environment is the corrosion of cars, burning of fuel and 
residual oils, (Arslan, 2001; Fergusson and Kim, 1991; 
Akhter and Madany, 1993). Oil contains more Ni than 
coal; there are also large natural sources of Ni present in 
the atmosphere, e.g. windblown soil, volcanic activity, 
forest fires, meteoric dust and sea salt spray or particles 
which later settle under gravitational force (Frey, 1967).  

Chromium (Cr) is considered as a serious 
environmental pollutant, due to its wide industrial 
applications. Contamination of soil and water by Cr2+ is 
of recent concern. The Cr6+ compounds are used in 
industry for metal plating, cooling water treatment, hide 
tanning, and until recently, wood preservation (Nriago, 
1990). These anthropogenic activities have led to the 
wide spread contamination that Cr shows in the 
environment and have increased its bioavailability and 
biomobility (Kotas and Stasicka, 2000). The level of 
chromium in this study varies greatly and in accordance 
to the degree of activities taking place at a given sites. 
For instance the automobile maintenance workshop was 
found to have the highest concentration of 24.26 µg/g, 
the car park or bus stop has 12.78 µg/g and the 
highways 4.78 µg/g, whereas the residential areas, the 
site with the less anthropogenic activity has the lowest 
concentration of 4.56 µg/g. The upper limit of Cr 
observed in this study (24.26 µg/g) is very much lower 
than the limit observed in India 343-1409 mg/kg (Abida 
et al., 2009); in the center of Hail city 95ppm (Odat and 
Alshammari, 2011); in Ethiopia 86.3mg/kg (Melaku et al., 
2005 and the limit of 100 mg/kg recommended by EU 
(Yahaya et al., 2010). However this limit is higher than 
the highest level observed in Mubi 5.4 µg/g (Shingu et 
al., 2007). The natural concentration of Cr in soil has 
been reported to ranged from 10 to 50 mg kg-1 
depending on the parental material whereas (Adriano, 
1986). Vehicle exhaust, brake lining, catalytic converters 
and chrome pigment for automobiles are also some of 
the primary major source of the metal (Cr) in urban 
environment (Shu et al., 2001; Fang et al., 2010). Soil is 
a complex system and its constituents are constantly 
undergoing changes due to weather conditions, 
geographic location and human activities, such as 
traffic, industrial and agricultural ones. With the advent 
of democracy high and rapid economic development in 
Nigeria was recorded, the number of motor vehicles has 
therefore dramatically increased in recent years. 
Significantly more heavy metals are likely to be emitted 
into the urban environment by vehicle emissions. The 
distribution pattern of the metal (Cr) in the environment 
could be arranged in the order; AMW > CP > HW > 
RA. 

The consistently high load of iron recorded in all 
the sites is not surprising considering the fact that iron 

3

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
IV

X
 I
ss
ue

  
  
 e

rs
io
n 

I
V

I
Y
ea

r
  

 
(

)
H

20
14

© 2014   Global Journals Inc.  (US)

Spatial Distribution of the Heavy Metals: Ni, Fe, Cr, and Mn in Roadside Soils of Maiduguri Metropolis, 
Borno State Nigeria



(Fe) is one of the constituents (alloy) found in almost all 
vehicles and other metallic substances. Quite a number 
of research works has it that, the pollution sources of 
heavy metals in environment especially urban 
environment are mainly derived from anthropogenic 
sources. In urban soils and urban road dusts, the 
anthropogenic sources of heavy metals include traffic 
emission (vehicle exhaust particles, tire wear particles, 
weathered street surface particles, brake lining wear 
particles), industrial emission (power plants, coal 
combustion, metallurgical industry, auto repair shop, 
chemical plant, etc.), domestic emission, weathering of 
building and pavement surface, atmospheric deposited 
and so on (De Miguel et al., 1997; Han et al., 2006; 
Morton et al., 2009). The process of corrosion, rusting, 
wear and tears of all metallic substance in the 
environment might have contributed to the high 
concentration of this metal (Fe) when compared with 
other metals in this research work. Moreover, it had 
been earlier stated by a good number of researchers 
that iron occurs in high proportion in Nigeria soil, 
implying that the concentration is contributed from both 
anthropogenic and crustal origin. The presence of iron 
in soils and plants is desirable (Eze and Hillary, 2008) 
since it is one of the metals that are essential to human 
biochemical processes, for example haemoglobin in the 
human blood system contains iron which aids blood 
formation (Okoye, 1992). 

II. Conclusion 

The result of the study shows moderate 
contamination of the soil in the Metropolis by the metals: 
Ni, Cr, and Mn. The levels of which could be attributed 
to ninety-five percent anthropogenic source. The high 
concentration of the metal (Fe) in the soil suggests that 
these metals could be mainly of natural origin with 
adequate contribution from anthropogenic influences. 
The result shows that the concentration decreases with 
increasing distance from the places of high 
anthropogenic activity {the automobile maintenance 
workshop (AMW), the highways (HW), Car park or Bus 
stops (CP)} to the places of less anthropogenic 
activities (the residential areas (RA).  
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