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ABSTRACT
Assessing the concentration of potentially harmful heavy metals in road side soils in Lagos metropolis is imperative in order
to evaluate the potential risks to people and the environment. This is due to rapid increase in the use of vehicles for day to day
transportation coupled with lack of emission standards which has raised serious concern about vehicular pollution. This paper
reports the results of the investigation of heavy metal concentration in road side soils of selected areas in Lagos metropolis as
a result of vehicular pollution. Locations considered were motor parks, garages and roadsides in Alimosho-, Agege-, Ikeja-,
and Oshodi/Isolo-LGA of Lagos State. Seven locations that spans across the four local governments were selected on the
basis of their high concentration of vehicular traffic. Three sites with low traffic concentration were also selected outside the
seven locations to act as control sites. Soil samples were collected at each location for a period of three months in the dry
season. The concentrations of six heavy metals (manganese, nickel, lead, chromium, zinc, and iron) in the samples were
determined with an atomic absorption spectrometer (AAS). All the monitored heavy metal pollutants where compared with
European Union (EU) regulatory standard. Results show that the concentrations of heavy metals in the soil samples from the
seven locations were within safe limits though higher than in the control sites. It is evident that as time goes on, these heavy
metals may pose health hazards. The study reveals that vehicular-related pollution in Lagos metropolis is indeed significant
with possible severe health consequences.
Keywords: Vehicular pollution, Lagos, heavy metals, AAS, EU standard, Health Hazards

1. INTRODUCTION
In recent years, advancement in technology has led to
high levels of industrialization leading to the discharge of
effluents and emissions containing heavy metals into the
environment. Sources of heavy metals in soils in
urbanized areas mainly include natural occurrence 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; Hlavay et al., 2001; Koch and Rotard, 2001).
Soil has long been recognized as a repository for
pollutants due to the adsorption processes which binds
inorganic and organic pollutants to it (Popoola et al.,
2012). It has been reported that topsoil and roadside soil
near heavy traffic in urban areas are indicators of heavy
metal contamination from atmospheric deposition
(Arowolo et al., 2000; Xiangdong et al., 2001). Metals
such as Cd, Cu, Pd and Zn are good indicators of
contamination in soils because they appear in gasoline,
car component, oil lubricants and industrial incinerator
emissions (Popoola et al., 2012).
It has been estimated that over 600 million people
globally are exposed to hazardous level of vehicular
pollution which remains a threat to environmental health

problem and is expected to increase reasonably as vehicle
ownership increases in the world (Cacciola et al., 2002) in
Han and Naeher (2006). In many cities in the developing
world, lack of access to land make many places to be
converted to 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. Emissions from the heavy traffic on these
roads contain lead (Pb), cadmium (Cd), zinc (Zn), and
nickel (Ni), which are present in fuel as anti-knock agents
and have also led to the contamination of air and soils.
Excessive accumulation of heavy metal on land through
traffic emission and subsequently finding its way into the
soil may results in elevating heavy metal contamination
and thus pose health hazards to people.
Vehicular pollution in most developing countries of the
world has not been checked properly by environmental
regulating authorities leading to increase levels of
pollution. This situation is alarming and is predicated on
the poor economic disposition of developing countries,
poor vehicle maintenance culture and importation of old
vehicles which culminate to an automobile fleet
dominated by a class of vehicles with high emission of
harmful pollutants (Brunekeef, 2005; Abam and
Unachukwu, 2009). In Nigeria, for instance, the State
Environmental Protection Agency (SEPA) and the
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Federal Environmental Protection Agency (FEPA), now
the National Environmental Standards and Regulations
Enforcement Agency (NESREA) are charged with the
responsibility of enforcing environmental laws,
regulations and standards in order to deter people,
industries and organizations from polluting and degrading
the environment. However, these responsibilities were
restricted to the control of air, water, and noise pollution,
waste disposal and oil spillage. No consideration was
given to soil pollution, especially the major threats to
environmental health (Olukanni and Adebiyi, 2012).

As the traffic volume increases the amount of total
pollutants will be increased. Traffic composition also
contributes significantly to the pollution levels because
emission rate varies for different types of vehicle (Nirjar
et al, 2002). Hence, the same amount of traffic volume
with different vehicular composition produces different
amounts of pollutants. Speed limits also affect the amount
of pollution because faster drive consequently increases
fuel burning. Therefore, introducing lower speed limits on
motorways is expected to cut both fuel consumption and
pollutant emissions (EEA, 2011).

Despite the change in petrol specification by the
Standards Organization of Nigeria (SON) on zero lead
and the input of the Department of Petroleum Resources
(DPR) to ensure that all petrol coming into Nigeria to be
unleaded since June 2002, the situation of increased
pollution from mobile transportation source is on the
increase in per capital vehicle ownership. The increase in
vehicle ownership has resulted in high congestion on
Nigerian roads with consequent increase in the
concentration of pollutants in the air and soil, thereby
increasing health risk on human population. Human
exposure to these pollutants due to traffic is believed to
have constituted severe health problems especially in
urban areas where pollution levels are on the increase
(Han and Naeher, 2006). Presently, there is neither a
legislative framework nor a set standard in the State to
monitor emission from mobile sources. Although
Ministry of Transport is working with the Ministry of
Environment to set guidelines on vehicular emissions, but
this has not come to fruition. As a consequent of various
observations, different arms of the government
environmental controlling agencies are interested in the
effects of vehicular emissions on the soil and on the
environment as a whole. The objective of this paper is to
investigate the level of heavy metal concentration in road
side soils of selected areas in Lagos metropolis as a result
of vehicular pollution. It is believed that the knowledge
from this investigation would assist authority in planning
adequate pollution control measures. It is equally hoped
that the study would generate interest on further research
on the impact of vehicle emission quality and health
implications particularly in Lagos and Nigeria in general
for effective guidelines on vehicular emissions and traffic
management.

1.1.2

1.1 Contributing
Pollution

Factors

of

Vehicular

Among the numerous factors that influence the vehicular
emissions includes, traffic-, roadway, vehicle-factor etc.
Each of these factors significantly affects the pollution
levels.

1.1.1

Traffic Factor

Traffic factor such as traffic volume, traffic composition,
average speed of the flow etc. come under this category.

Roadway Factor

Roadway factor affecting the pollution levels are
carriageway width, lateral clearance, medians, and
shoulder width etc. As the road width increases, the
maneuverability to movement of the vehicles will be
increased, which results in the reduction of pollutants.
Medians reduce the obstruction caused by the opposing
vehicles, which results in the reduction of number of
accelerations and decelerations. So the fuel consumption
will be minimized thus reducing the emission levels
(Nirjar et al, 2002).

1.1.3

Vehicle Factor

The age of the vehicle, its condition and servicing
frequency, type of engine (2- stroke, 4- stroke), and
vehicle miles traveled come under this category. The
older vehicles will emit more pollutant than a newer one,
if they are not maintained properly. Vehicles with 4stroke engine would produce lesser emissions than 2stroke engine. Similarly, vehicles with catalytic converter
will emit less pollutant (Nirjar et al, 2002). Most of the
by-products of automobiles comprise of different fraction
particles. These fractions include the ultrafine particles
which are formed in the engines and tailpipes, fine
particles produced mainly by chemical reactions, and
coarse particles which are formed mechanically by the
abrasion of road materials, tyres and brake linings
(Palmgren et al., 2003, Olukanni and Adebiyi, 2012).

2. MATERIALS AND METHODS
2.1 Study Area
Figure 1 shows the map of Lagos State with the Local
Governments where samples were taken while Figure 2
shows the traffic congestion in some of the study area.
State lies between the sedimentary belt of South-Western
Nigeria on longitude 20o 42' E and 3o 22' E and between
latitude 60o 22' N and 60o 22' N. The metropolis has an
estimated landmass of 3577 km2 (22% of which consist of
lagoon and creeks), inhabited by about 80% of the
population of Lagos State making it the most urbanized
state in Nigeria and regarded as a megacity (Mabogunje,
2002). Lagos is a major industrial and commercial hub in
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Nigeria with a population density of 2,578 person/Km2
which is responsible for about 70% of the nations
industries and commercial activities. About 40% of all
new vehicle registration in Nigeria is also in Lagos

accounting for about 40% of the total national fuel
consumption (Baumbach et al., 1995). The average
temperature in Lagos is 27 °C and the annual average
rainfall 1532 mm (Aina, 1994; Peil, 1991).

Figure 1 Map of Lagos State showing the local government areas

Table 1 shows the seven sampling locations that were
identified as a case study for this project to show the level
of heavy metal contamination in soils in the Lagos
Metropolis. A common characteristic of these areas is the
presence of heavy flow of transportation. The samples
were collected from seven locations. Other locations
within the local government areas which are characterized

by low traffic densities were used as the control sites. The
location labeled C1 (Fig. 1) was the control for sites A2,
B1 and B2; the location labeled C2 was the control for
sites D1 and D2; while the location labeled C3 was the
control for the sites E1 and E2. These locations are
sparsely populated and basically residential with no
industrial activity taking place.

Table 1. Sampling locations in 4 Local Governments

S/No
1

LGA
Agege

Main Sample Location
Agege motor park

Designation
A2

Control sample location
Residential Area (C1)

2

Alimosho

3

Oshodi/Isolo

4

Ikeja

Iyana Ipaja garage
Abule-egba motor park
Oshodi park
Jakande Estate
Ikeja Park

B1
B2
D1
D2
E1

Oba-Akran Road

E2

Residential Area (C2)
Residential Area (C3)
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2a

2b

Figure 2 View of vehicular congestion releasing pollutants in the Lagos metropolis

2.2 Samples and Sampling Locations
A sample each was collected in each of the seven selected
locations monthly over a period of 3 months (December February) and one sample each were taken from each of
the control sites making it a total of 24 samples. Areas
with obvious signs of disturbance, such as animal
burrowing, engine oil spillage and landfills, were avoided.
Sampling spots were cleared of debris before actual
sampling started (Chimuka et al., 2005; Mmolawa et al.,
2011). 500 g of composite soil samples were collected
within a distance of 0-5 meters from the edge of the main
road at each location. All soils collected were sampled at
the surface (0 to 10 cm in depth) using a hand-driven
stainless steel auger. The soil samples were kept in
labeled polythene bags and taken to the laboratory for
analysis (Awofolu, 2005; Mmolawa et al., 2011; Olukanni
and Adebiyi, 2012).

2.3 Methods of Laboratory Analysis
The data used in this assessment were obtained by
analyzing the soil samples with a Perkin Elmer 3300
atomic absorption spectrometer. The size of each large
clod was first reduced and the sample was spread on a
tray in a layer not thicker than 15 mm. Thereafter, the
various samples were placed in a drying oven at a
temperature of 40°C. They were left in the oven for 24
hours to remove the moisture in the samples. Each ovendried sample was crushed into particles and passed
through a 2 mm sieve (EPA method 3052) (USEPA,

1995). However, before crushing commenced, stones,
fragments of glass and other noticeable impurities were
removed by hand. 1g of each soil sample was accurately
weighed and treated with 10 ml of high purity of
concentrated HNO3. The mixture was placed on a hot
plate until it became dry. It was then cooled. This
procedure was repeated with another 10 ml aliquot of
concentrated HNO3 followed by 10 ml of 2 M HCl. Each
digested soil sample was then warmed in 20 ml of 2 M
HCl to redissolve the metal salts. The extract was filtered
with filter papers and the volume was then adjusted to 25
ml with double distilled water. The concentrations of
manganese, nickel, lead, chromium, zinc, and iron in each
sample were determined on a Perkin Elmer 3300 Atomic
Absorption Spectrometer equipped with AA Winlab
software.

3. RESULTS AND DISCUSSION
Table 2 shows the concentrations of heavy metals
(manganese, nickel, lead, chromium, zinc and iron) in the
soil samples at various locations with their controls while
Table 3 shows comparisons of the results of this study
with results from other studies and the European Union
regulatory standards. The heavy metal contents in the
soils varied significantly from location to location. Mn
content in soils ranged from 3.72- 953.52 mg/kg, Ni
ranged from 0.94-42.73 mg/kg, Pb ranged from 5.5769.20 mg/kg, Cr ranged from 1.58-347 mg/kg, Zn ranged
from 25.87-198.32 mg/kg and Fe ranged from 403 –
1528.30 mg/kg.
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Table 2 Variation in concentration of heavy metals in the study area

Location

A2

B1

B2

D1

D2

E1

E2

Month

Mn
(mg/kg)

Ni
(mg/kg)

Pb
(mg/kg)

Cr
(mg/kg)

Zn
(mg/kg)

Fe
(mg/kg)

DEC

651.80

10.24

69.20

26.53

69.80

1133.54

JAN

38.79

33.75

23.08

347.19

105.56

1333.10

FEB
Control C1
DEC
JAN
FEB
Control C1
DEC
JAN

45.98
16.94
57.20
36.48
30.69
16.94
953.52
5.82

24.91
20.62
3.29
40.59
42.73
20.62
22.74
0.94

25.84
17.69
11.26
30.77
31.23
17.69
44.83
15.38

285.61
58.20
11.56
234.10
275.06
58.20
58.22
32.88

120.57
45.36
87.72
117.60
108.86
45.36
74.66
45.37

701.57
744.20
247.62
1404.80
1528.30
744.20
952.51
561.30

FEB
Control C1
DEC
JAN
FEB
Control C2
DEC
JAN
FEB

7.11
16.94
51.30
66.51
60.80
5.51
61.27
4.99
7.74

2.48
20.62
4.55
23.66
25.89
32.77
5.85
1.31
2.65

9.41
17.69
17.05
36.20
41.63
8.54
79.21
5.57
5.96

34.99
58.20
14.05
295.44
311.20
1.58
15.24
18.34
23.44

60.92
45.36
65.28
84.26
83.45
56.24
32.60
41.66
48.31

271.85
744.20
236.14
1230.90
976.93
661.50
359.66
290.40
403.74

Control C2

5.51

32.77

8.54

1.58

56.24

661.50

DEC

113.50

9.04

52.03

14.01

128.94

666.37

JAN
FEB

74.16
75.15

42.61
40.37

23.91
25.32

247.96
186.73

126.85
155.04

1152.90
116.26

Control C3

3.72

8.93

10.24

3.66

25.87

378.35

DEC
JAN
FEB
Control C3
EU Standard

130.41
65.07
63.26
3.72
1500

6.87
37.62
36.47
8.93
50.0

28.51
30.92
37.61
10.24
90-300

8.31
12.90
10.89
3.66
100

201.70
176.60
198.32
25.87
300

1108.34
1245.60
1076.87
378.35
1500

In this study, the levels of Mn, Ni, Pb and Cr
concentrations were lower than European Commission
(EC) limit of 1500 mg/kg, 50 mg/kg, 300 mg/kg and 100
mg/kg respectively (EC, 1986) and were at lower
concentrations than the maximum tolerable levels
proposed for agricultural soils, (Kabata-Pendias and
Dudka, 1984). The levels of manganese in soils were
relatively low. The highest level of manganese obtained
was higher than 408 mg/kg reported by Ho and Tai
(1988). Soil generally contains 200 – 3000 mg/kg of
manganese with an average value of 600 mg/kg (Lindsay
and Norvell, 1979). The concentration of manganese
obtained in this study is lower compared to results of
other studies in Nigeria except for locations A2 (651.80
mg/kg) and B2 (953.52 mg/kg) in the month of December
which are higher than the concentration recorded for those

conducted in Yauri (608.11 mg/kg) and Kaduna (132
mg/kg) (Yahaya et al., 2009; Okunola et al., 2007). This
high concentration might be connected to high traffic
within the period when many people travel for end of year
festivities since both are motor parks. When the highest
manganese concentration obtained from this study was
compared with the levels in similar studies elsewhere, the
concentration of manganese obtained is lower than the
concentration recorded from those conducted in the
United States (2532 mg/kg), China (1740 mg/kg), and
Poland (1122 mg/kg) (Abida et al., 2009; Bradford et al.,
1996; Dudka, 1992). Mn and Ni are associated with traffic
related sources such as corrosion of metallic part, concrete
materials, reentrained dust from roads and tear and wear
of tyres and engine parts (Fergusson and Kim, 1991).
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Table 3 comparing the values of this experiment with values of other studies

Metals

This study

Mn
Ni
Pb
Cr

3.72- 953.52
0.94 - 42.73
5.57 - 69.20
1.58 - 347

a

Study in
USA
43-2532
2.44-69.4
4.62-55.4
6.59 - 208

b

Study in
China
134-1740
7.73-70.9
9.95-56.0
19.3 -150

c

Study in
Poland
83-1122
2.0-27.0
7.1-50.1
3.7 - 75.3

d

Study in
India
NA
343-1409
ND-623.95
ND - 145.45

e

Study in
Ethiopia
NA
47.3 - 200.6
20.3 - 325.4
86.3 - 15790

f

EU Reg.
Standard
1500
50.0
90-300
100

25.87-198.32
12.6 -183
28.5 -161
10.5 – 1547
ND
140.9 - 302.8
NA
Zn
403 – 1528.30
NA
NA
NA
676 –16234
NA
NA
Fe
Source: A = Shacklette and Boerngen (1984), b = Bradford et al. (1996), c = Dudka (1992), d = Abida et al. (2009), e =
Melaku et al. (2005), f = (EC, 1986); Yahaya et al., (2010). ND = not detected, NA = not available.
The highest concentration of nickel (42.73 mg/kg)
obtained from this study is lower than the highest
concentration recorded for Yauri (107.13 mg/kg) (Yahaya
et al., 2009) but was higher than the concentration
recorded in Iwo (7.55 mg/kg) (Ayodele and Dawodu,
2002). When the concentration obtained from this study
were compared with the levels in similar studies
elsewhere, the lowest concentration of nickel (0.94
mg/kg) obtained is lower than the least concentration
recorded for those conducted in the United States (2.44
mg/kg), China (7.73 mg/kg), Poland (2.0 mg/kg), Ethiopia
(47.3 mg/kg) and India (343 mg/kg) (Shacklette and
Boerngen, 1984; Dudka, 1992; Bradford et al., 1996);
Melaku et al., 2005; Abida et al., 2009) respectively. The
highest concentration of nickel (42.73 mg/kg) obtained in
this study is lower than the highest concentration recorded
for those conducted in the United States (69.4 mg/kg),
China (70.9 mg/kg), Ethiopia (200.6 mg/kg) and India
(1409 mg/kg) except for Poland where the highest
concentration recorded was 27.0 mg/kg (Dudka, 1992;
Bradford et al., 1996; Melaku et al., 2005; Abida et al.,
2009). Natural concentration of Nickel in soil is less than
100mg/kg, though it can be exceptionally high in some
cases especially the soil formed from ultra-basic rocks
(Allen et al., 1974). 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).
Pb concentrations from the seven locations ranging from
5.57-69.20 mg/kg are lower than the limit of 90 – 300
mg/kg recommended by EU standard. The range of Pb
concentrations in all the soil samples in this study is also
lower than what is obtained in some studies carried out in
India and Ethiopia. The results of lead concentrations in
soils of old industrial cities like Uppsala (in northern
Europe) have the mean Pb level in playground soil to be
26 mg/kg (Ljung et al., 2006) while cities such as Hong
Kong which have their mean Pb level in playground soils
to be 77.3 mg/kg (Sai et al., 2002) in (Popoola et al.,
2012). These levels may reflect the long history of
industrial contamination coupled with traffic emissions
because Pb in gasoline has been phased out in most of

these countries (Popoola et al., 2012). The mean
concentration obtained in this present study is higher than
the range of 30-50 mg/kg reported by Nriagu (1992) as
the typical concentration of lead in urban soils of African
cities which gives cause for concern. However, the
sources of Pb in the urban areas could be more from metal
plating and lubricating oils. It could also be due to rough
surfaces of the roads which increase the wearing of tyres,
and run-offs from the roadsides (Hewitt and Rashed,
1988). It was revealed by Atuanya and Oseghe (2006) that
higher lead concentration in soils has toxic effect on
microorganisms inhabiting the soil which consequently
alters the flora and fauna of a location. lead has been
found to be the major cause of hypertension, impairment
of central nervous system and other respiratory problems
in adult (Olade, 1987).
The upper limit Cr in this study (347 mg/kg) is higher
than the limit of 100 mg/kg recommended by EU while
the least concentration of chromium (1.58 mg/kg) was
lower compared to the studies in USA which had
(6.59mg/kg), China (19.3 mg/kg), Poland (3.7mg/kg) and
Ethiopia (86.3mg/kg) respectively (Dudka, 1992;
Bradford et al., 1996; Melaku et al., 2005; Abida et al.,
2009; Yahaya et al., 2010). The highest value for
chromium was higher than other studies as shown in
Table 3. The months of January and February are the peak
period for the concentration of Cr in all the locations
except for location B2. These might be connected to high
level of industrial activities in those areas couple with
their population densities. Source of chromium emissions
into soils are automobile brake lining, catalytic converters
and chrome pigment for automobiles. Trace amount of
metal such as trivalent chromium entering the body
through various routes is capable of inducing genetic and
epigenetic alteration in different cancer related genes of
somatic and stem cells, thus involving in cancer stem cell
formation and increasing the incidence of cancer (Popoola
et al., 2012).
.
The concentration of Zn ranged from 25.87 mg/kg –
198.32 mg/kg in all the locations. In this study, the levels
of zinc in soils were relatively high. The upper limit
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concentration of zinc obtained from this study, when
compared with those conducted in the United States (183
mg/kg), China (161 mg/kg), and Poland (154.7 mg/kg) is
relatively higher (Melaku et al., 2005; Abida et al., 2009;
Yahaya et al., 2010). The prevalence of Zn, though the
least toxic among all heavy metals (Ladipo and Doherty,
2011) in the study area is indicative of the significance of
zinc in the ecosystems. Concentration of metals in soil
vary in dry season and wet season due to the run off effect
that is capable of removing high metals from the road side
soil and the effect of rain may also facilitate the leaching
of the soil and contributes to the dilution of the soil
solution (Yahaya et al, 2009). Zn is a good indicator of
contamination in soils because it appears in gasoline, car
component, oil lubricants and industrial incinerator
emissions.
The concentration of Fe for this study ranging from 403
mg/kg – 1528.30 mg/kg is lower than what was obtained
in a related study in India. The concentration for USA,
China, Poland and Ethiopia were not available. Fe has
been found to occur at high concentrations in Nigeria soil
(Adefemi et al., 2007). The high concentrations of these
metals in the soil samples may also be due to the natural
lithogenic and pedogenic processes (Woolhouse, 1983),
as well as anthropogenic factors which result in
environmental pollution (Knezevic et al., 2009). The
concentrations of iron are significantly higher in relation
to other elements. Vanmechelen et al. (1997) state that
iron in the mineral of soil layers varies within a wide
range of 100 to 100,000 mg/kg. Knezevic et al. (2009)
noted that iron concentration in the mineral of forest soils
layer in Serbia amounts to a minimum value of 10,442
mg/kg, and a maximum value of 80 mg/kg. The recorded
iron concentration values in the soil in this study may be
considered as ''regular''.
Various studies have shown that heavy metals such as Pb,
Cd, Ni, amongst others are responsible for certain
diseases that have lethal effects on man and animals, and
due to their accumulation and long time retention by
plants and animals, these metals are very dangerous
(Popescu, 2011). Therefore, to reduce metal concentration
of food chain and ecosystem from vehicular emissions, an
appropriate land use policy which prohibits the use of
road side lands, especially within 30 m either side of the
road, for farming, sun-drying of food stuff, grazing or as a
source of pasture to feed livestock is required (Amusan et
al., 2003).

4. CONCLUSION
Physiochemical properties and levels of heavy metalsMn, Ni, Pb, Cr, Zn, and Fe in road side soils in some
selected locations in Lagos Metropolis and their potential
effects on human were determine in this study. Heavy

metal concentrations in road side soil samples are mostly
higher than those in the soil for control due to metals
emitted from vehicle exhaust and other sources. The
analytical results indicated that most of the heavy metals
were above the natural heavy metals concentration of
surface soil and can accumulate to constitute health
hazards. The results shows that iron had the highest
concentration in the soil for each month and can be
represented in the following order: for site A2; Fe > Mn >
Cr > Zn >Pb > Ni, For Site B1; Fe > Cr > Zn > Mn >Ni >
Pb, For Site B2; Fe > Mn > Pb > Zn > Cr > Ni, For Site
D1; Fe > Cr > Zn > Mn >Pb > Ni, For Site D2; Fe > Zn >
Pb > Zn >Cr > Ni, For Site E1; Fe > Cr > Zn > Mn >Pb >
Ni and Site E2; Fe > Zn > Mn > Pb >Ni > Cr. The
concentration of all the heavy metals in the seven
locations was below that of the European Union
regulatory standard.

5. RECOMMENDATIONS
There should be extensive awareness campaign on the
need for enhanced fuel quality and the emplacement of
emission standards to reduce the impact of vehicle
emissions. It is also imperative that a technical committee
should be established to develop emission standards for
Nigeria and should be well implemented. The government
should come up with vehicle inspection and maintenance
facilities in order to ensure the roadworthiness of vehicles
and impound vehicles that violate emission standards in
the country.
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