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ABSTRACT: Heavy metals could be induced into new environments either naturally or anthropogenically. Anthropogenic
input of heavy metals into soils has been on the increase in recent years in various towns and cities as it is a major means
through which heavy metals that were not indigenous to a given geographical area could be introduced into new
environments. The need to ascertain the exact anthropogenic activities responsible for discharge of heavy metals into
man’s environment can never be over-emphasized. Therefore, this work focused on ascertaining the current pollution
status and contributory source of heavy metals around soils of auto-mechanic workshop clusters in Yenagoa Metropolis,
Bayelsa State, Nigeria. Three upper soil layers (0 to 15 cm, 15 to 30 cm and 30 to 45 cm) were sampled over three distant
extremes (0 meter, 50 meters and 100 meters) and analyzed. Values of i-geo showed that Zn (2.23) showed moderate to
highly polluted geogenically while Pb (0.76), Cu (0.79), Cd (0.77), Co (0.63), Cr (0.65), Ni (0.83), Hg (0.48), Mn (0.94) and
Fe (-0.13) showed unpolluted to moderately polluted geogenically around soils of auto-mechanic workshop clusters in the
Yenagoa Metropolis. Enrichment factor has shown that Zn (1.47) was not delivered through anthropogenic but geogenic
sources while Pb (11.54), Cu (10.18), Cd (13.54), Co (4.02), Cr (15.35), Ni (13.48), Hg (8.89) and Mn (4.16) were
respectively delivered anthropogenically. Fe (1.00) was the normalizer. The progressive contamination scenario observed
in soils of the auto-mechanic workshop clusters in this work were mainly attributable to anthropogenic activities arising
from unprofessional ways artisans adopted in disposal of heavy metal-bearing wastes onto soils of the study area. This
calls for serious concern as progressive deterioration of soil quality induces negative health and environmental effects
which has tendencies for affecting living organisms, on the long run.
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INTRODUCTION

Heavy metals are persistently non-biodegradable Their effects could manifest in a manifold of ways. They

substances in nature. They are contaminants that pose
major environmental and health concerns (Vacha et al.,
2012). They are primarily contained in soils from where
they could be released from their bound states through
either weathering of parent materials or from
anthropogenic activities through which case they are
introduced into completely new environments that they
were formerly not found. Anwar et al. (2009) did state
earlier that heavy metals have assumed a worldwide
problem and pose a serious threat to the environment.

could contaminate food chains (Adekola et al., 2002),
cause losses in food productivity (Salt et al., 1995) and
public health concerns (Nwachukwu et al., 2010).
Auto-mechanic workshop clusters have been severally
discovered to have contributed towards discharge of
heavy metals into soils of many cities in Nigeria through
disposal of heavy metal-bearing waste materials into the
environment (Amukali, 2018). A number of researchers
have shown overwhelming evidence suggesting how auto-
mechanic workshop clusters have contributed towards
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release of heavy metals into soils of different towns and
cities in Nigeria (lwegbue, 2007; Ipeaiyeba and Dawodu,
2008; llemobayo and Kolade, 2008; Nwachukwu et al.,
2010; Adelekan and Abegunde, 2011; Idugboe, Tawari-
fufeyin and Midonu, 2014).

Auto-mechanic workshop clusters are characterized
with the discharge of scrap metal dumps, waste engine oil
spills as well as dumping grounds for wastes generated by
welders, spray painters, panel beaters, mechanics,
vulcanizers (Adelekan and Alawode, 2011) and there is
need to assess the contamination status of vulnerable
soils from time to time. Presently, there are scarcely any
data on heavy metal contamination indexes in soils around
auto-mechanic workshop clusters in the study area
detailing elemental enrichment levels and origins of such
heavy metals; whether natural or anthropogenic sources.
This formed the basis for this work.

MATERIALS AND METHODS
Study area

Yenagoa Metropolis is headquarters of Yenagoa Local
Government Area and capital of Bayelsa State (Niger
Delta Development Commission, 2006). The Federal
Republic of Nigeria’'s Gazzete (2007) estimated human
population in Yenagoa Local Government Area at 353,344
people in 2006, comprising 187,791 males and 165,553
females. Yenagoa Metropolis is located between latitudes
4°50'N and 5°05°'N and longitudes 6°15°E and 6°30°E and
lies beside the Epie Creek (Figure 1) which empties into
the Ekole Creek (Bariweni et al., 2002). Shell Petroleum
Development Company (2006) classified soils of Yenagoa
Metropolis as principally being rain forest soils which
constitutes over 90% of the soils belonging to the Orders;
Entisols, Oxisols and Alfisols, respectively. Amos-Tautau
et al.,, (2014) emphasized that Yenagoa is located in a
humid tropical wetland area with mean annual rainfall of
about 2539 mm with an average mean temperature of
26.2°C. SPDC (2006) stated that ambient temperature of
the study area ranges from 24.5°C to 32°C during wet and
25°C to 36°C during dry seasons.

Sampling design, sample preparation and analyses

This study utilized simple random sampling technique
during sample collection. Soil samples were collected by
throwing a quadrant within the vicinities (0 meter) of the
auto-mechanic workshop clusters and the control site.
Materials on soil surfaces of sampled point were carefully
removed before soil samples were collected to prevent
such materials from interfering with the integrity of the soll
samples (Pam et al., 2013). Then, a meter rule was drawn
50 meters and 100 meters away from the reference point
and samples were also collected. Soil samples were
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collected with a stainless steel auger, dipped to
appropriate depths, turned 360° before removal from the
soils and soil samples were then collected. At each
sampled points, soil samples were collected from three soil
depths (0 to 15 cm, 15 to 30 cm and 30 to 45 cm) over
three months each during dry and wet seasons and mean
values were then calculated to represent specific soil
samples.

Homogenized soil samples made from collected
samples were carefully put into aluminium-foil papers to
prevent effects of the vagaries of weather, tied up and
labeled appropriately. After which, the labeled soil samples
were subjected to laboratory analysis. After every sample
collection, the locations were georeferenced (Figure 1)
and appropriately recorded in a notebook. The standard
method of USEPA 3052 (USEPA, 1996) was adopted for
sample digestion in this study while preparation and
determination of heavy metals in soils followed the method
of lyaka and Kakulu (2012). The method of USEPA 3052
(USEPA, 1996) were adopted for determination of heavy
metals.

Statistical and data analyses

The one-way analysis of variance method used by
Hoshmand (2016) was adopted in this study with levels of
significance determined at a = 0.05 (Banger et al., 2010).
Calculations were done using Excel Spread sheet for
mean, standard deviation and Pearson Correlation
Coefficients. In order to properly understand the
distributional patterns of heavy metal contributions and
origins to soils of the study area, i-geo and enrichment
factors were used.

Enrichment Factor (EF)

The Enrichment Factor (EF) of any given metal in a given
soil sample is a measure for differentiating between metals
that originates from natural sources and those that
originates from anthropogenic activities. It is based on the
principle of standardization of a measured metal against a
reference metal and a reference metal is often the one
characterized by low occurrence viability (Sam et al.,
2015). Examples of reference metals are Aluminium, Iron
and Silicon (Sutherland et al., 2000; Zhang et al., 2009).
Iron was used as the reference metal in this study.
Enrichment Factor (EF) is determined by the following
relationship;

_ Xs/Es(ref)
EFx = m ................... (1)

Where EFx = Enrichment Factor for an element X, Xs =
Concentration of element of interest in a given soil sample,
Es(ref) = Concentration of the reference element used for
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Figure 1. Map of Yenagoa metropolis showing sample sites
Source: Agusomu (2015).

normalization of a given soil sample, Xc = Concentration
of the element in the crust and Ec (ref) = Concentration of
the reference element used for normalization in the crust
(Taylor and McLennan,1985; Atiemo et al., 2011).

Index of Geoaccumulation (i-geo)

The index of geoaccumulation (Igeo) is a common
approach employed to estimate metals enrichment above



background or baseline concentrations in soil or sediment.
The i-geo values for the studied heavy metals were
calculated using the following equation developed by
Muller (1969):

[—geo = logZ(Cnl_SBn) ............................ (2)

where Cn is the measured concentration of selected metal
(n) in the enriched soil sample and Bnis the is the
concentration of the metal in the unpolluted (control)
sample (Pam et al., 2013). The coefficient 1.5 is used to
detect variations in the background data due to lithogenic
and anthropogenic influences (Fagboje and Olanipekun,
2010). According to the following researchers (Muller,
1969; Fagbote and Olanipekun, 2010; Matini et al., 2011;
Pam et al., 2013), I-geo consists of 7 classes (Table 2)

RESULTS AND DISCUSSIONS

The need for use of enrichment factor and i-geo as
pollutant contamination indexes were due to the need to
fully understand the nature of heavy metal elemental
enrichment as well as establishment of the geogenic or
anthropogenic contributions of heavy metals in soils of the
study area.

Distribution of Index of Geo-Accumulation (i-geo) in
soils of the study area

It was discovered that lead showed i-geo values that
posited unpolluted status by geogenic sources across all
sampled sites irrespective of soil depths and distances
from the auto-mechanic workshop clusters (Tables 4 and
5). This discovery was consistent with findings in the work
of Sam et al. (2015).

Same applied to values generated for cadmium, cobalt,
chromium and mercury as they all showed i-geo values
that were generally below (1) one. This is indicative of non-
geogenic to very minimal-geogenic contribution with lead,
cadmium, cobalt, chromium and mercury into all soils
sampled at Imgbi, Igbogene, Imiringi, Swali as well as
Etegwe auto-mechanic workshop clusters (Tables 1 and
2). In contrast, i-geo values for zinc indicated significant
contamination of the soils by geogenic sources that ranged
between moderately polluted to highly polluted in the study
area. In addition, i-geo values for copper posited
significant contributions of copper from geogenic sources
for soils at Imgbi auto-mechanic workshop cluster as
compared to soils encountered at Igbogene, Imiringi, Swali
and Etegwe auto-mechanic workshop clusters which did
not show significant i-geo values for copper, thus
considered unpolluted by geogenic sources. Idugboe et al.
(2014) also documented anthropogenic deposition of lead,
cadmium, chromium and copper in two auto-mechanic
workshop clusters in Benin City, Edo State, Nigeria.
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Furthermore, i-geo values for nickel in soil samples
encountered at Imgbi auto-mechanic workshop cluster
showed that the soil samples that ranged from unpolluted
to moderate pollution with nickel through geogenic
sources. This is in agreement with the findings of
llemobayo and Kolade (2008) in soils of auto-mechanic
workshop clusters in Akure, Ondo State, Nigeria. Soil
samples from Imiringi, Swali and Etegwe auto-mechanic
workshop clusters fairly showed i-geo values that ranged
from unpolluted to moderate pollution levels while i-geo
values for manganese indicated unpolluted to highly
polluted levels (Tables 1 and 2). This is consistent with
findings of Sam et al. (2015).

Finally, it could be safely stated that the i-geo values for
iron at Imgbi, Igbogene and Imiringi auto-mechanic
workshop clusters were observed to be within the
unpolluted status and soil samples encountered at
different soil depths within the reference point (O meter) of
the auto-mechanic workshop clusters at Swali and Etegwe
showed i-geo values are within unpolluted to moderate
pollution while soil samples taken 50 meters and 100
meters away from both Swali and Etegwe auto-mechanic
workshop clusters showed i-geo values that showed
moderate pollution with iron (Tables 1 and 2).

Values of i-geo as depicted in Table 3 depicted Zn
showing moderate to highly polluted heavy metal
geogenically while Pb, Cu, Cd, Co, Cr, Ni, Hg, Mn and Fe
depicted unpolluted to moderately polluted heavy metal,
geogenically, within the Yenagoa Metropolis. This showed
that Zn could be a natural resource in the study area
(Sutherland et al., 2000).

Overall distribution of Enrichment Factor (EF) in soils
of the study area

Lead was observed to be delivered chiefly through
anthropogenic activities (Tables 4 and 5) owing to the soils
showing various degrees of enrichment. Soil samples from
Imgbi and Igbogene auto-mechanic workshop clusters
showed moderate enrichment in some soil samples and
very high enrichment to extremely high enrichment with
lead in some other instances. Soil samples at Imiringi auto-
mechanic workshop cluster showed moderate enrichment
to that of very high enrichment with lead while soil samples
taken from Swali and Etegwe auto-mechanic workshop
clusters showed evidence of deficiency to minimal
enrichment to those of moderate contamination (Table 4).
Enrichment factors for soil samples taken from Imgbi,
Ighogene and Imiringi auto-mechanic workshop clusters
were observed to show either deficiency to minimal
enrichment or moderate enrichment with zinc whereas soll
samples from Swali and Etegwe auto-mechanic workshop
clusters showed deficiency to minimal enrichment with
zinc (Tables 4 and 5). The relatively lower values observed
could be partly due to the existence of zinc-
bioaccumulating plants like C. digitalis which must have
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Table 1. Distribution of Index of Geo-Accumulation (i-geo) in soils of the study area.

Heavy Metals (mg/kg)

Site Distances  Depths Pb Zn Cu Cd Co Cr Ni Hg Mn Fe
Om 0-15cm 072 126 100 0.72 074 0.72 0.55 0.65 1.12 -0.50
Om 15-30cm 085 136 112 0.72 083 049 0.53 0.72 095 -0.76
Om 30-45cm 085 147 112 085 0.83 043 045 0.85 095 -0.93
50 m 0-15cm 060 1.12 1.00 0.85 0.83 0.72 0.50 0.72 095 -0.93
Imgbi 50m 15-30cm 0.65 1.16 1.12 0.72 083 0.85 0.45 0.85 095 -1.03
50 m 30-45cm 0.72 119 112 0.85 098 0.85 0.42 0.85 0.86 -1.12
100 m 0-15cm 072 165 112 085 0.00 0.85 0.37 0.85 095 -0.93
100 m 15-30cm 0.72 185 131 085 0.00 0.85 0.28 0.00 095 -0.74
100 m 30-45cm 0.85 190 131 0.85 0.00 0.72 0.24 0.00 0.95 -0.90
Om 0-15cm 085 4.19 065 072 083 0.72 0.93 0.85 0.86 -1.01
Om 15-30cm 072 396 061 065 083 0.85 0.93 0.00 0.95 -1.07
Om 30-45cm 0.65 3.75 054 055 083 0.85 0.84 0.00 1.12 -1.16
50 m 0-15cm 065 342 061 065 083 055 1.10 0.00 0.86 -0.57
Igbogene 50 m 15-30cm 0.72 316 065 072 098 0.65 1.10 0.00 0.95 -0.69
50 m 30-45cm 0.85 3.03 0.69 085 098 0.72 0.00 0.00 095 -0.88
100 m 0-15cm 0.72 219 056 072 0.00 0.72 0.00 0.85 0.95 -1.07
100 m 15-30cm 085 247 061 085 0.00 0.85 0.00 0.00 1.12 -1.12
100 m 30-45cm 0.85 255 0.63 085 0.00 0.85 0.00 0.00 1.12 -1.26
Om 0-15cm 065 255 051 065 098 0.65 0.93 0.65 1.12 -0.61
Om 15-30cm 072 144 049 072 098 0.72 1.10 0.65 1.12 -0.56
Om 30-45cm 0.72 136 047 072 0.00 0.72 1.10 0.65 1.12 -0.55
50 m 0-15cm 0.72 1.47 061 072 098 0.72 1.10 0.72 112 -0.65
Imiringi 50 m 15-30cm 0.72 245 063 072 098 0.85 1.10 0.85 1.12 -0.98
50m 30-45cm 072 169 063 0.72 000 085 1.10 0.72 112 -1.18
100 m 0-15cm 0.72 219 058 085 098 0.72 1.10 0.85 0.95 -1.07
100 m 15-30cm 0.72 200 058 085 083 0.72 1.10 0.85 095 -1.12
100 m 30-45cm 0.85 2.06 058 085 098 0.85 1.10 0.85 095 -1.32
Om 0-15cm 072 212 072 065 098 0.85 1.10 0.65 0.68 0.75
0Om 15-30cm 0.72 197 076 0.72 098 0.85 1.10 0.33 0.68 0.68
Om 30-45cm 072 200 0.76 072 083 085 1.10 0.85 0.73 0.75
50 m 0-15cm 0.72 239 0.76 0.72 098 0.85 1.10 085 0.78 1.12
Swali 50m 15-30cm 085 232 080 085 098 0.8 1.10 0.85 086 1.01
50 m 30-45cm 0.85 232 0.76 085 098 0.85 1.10 0.72 095 1.04
100 m 0-15cm 0.85 232 080 085 098 085 0.93 0.85 086 1.26
100 m 15-30cm 085 247 080 085 083 0.85 0.93 085 095 1.31
100 m 30-45cm 085 239 080 085 098 085 0.93 0.85 095 1.32
Om 0-15cm 0.72 195 0.80 065 098 0.00 1.10 0.85 0.68 0.72
Om 15-30cm 0.72 2.06 080 0.72 098 0.8 1.10 0.00 068 0.74
Om 30-45cm 0.85 212 092 0.72 098 0.00 1.10 0.00 0.78 0.67
50m 0-15cm 072 245 076 072 000 0.8 1.10 0.00 0.78 1.16
Etegwe 50 m 15-30cm 085 247 080 085 0.00 0.00 1.10 0.00 0.86 1.14
50m 30-45cm 085 264 08 085 000 0.00 1.10 0.00 095 1.05
100 m 0-15cm 0.72 247 0.80 0.85 0.00 0.00 0.93 0.00 095 1.31
100 m 15-30cm 0.72 239 092 085 0.00 0.00 0.93 0.00 095 134
100 m 30-45cm 085 239 092 085 0.00 0.00 1.10 0.00 1.12 1.39

Source: Amukali (2018).
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Table 2. Categories for geo-accumulation index in sails.
S/No. Classes Value of soil quality

1 <0 Unpolluted

2 0-1 Unpolluted to moderately polluted

3 1-2 Moderately polluted

4 2-3 Moderately polluted to highly polluted

5 3-4 Highly polluted

6 4-5 Highly polluted to very highly polluted

7 >5 Very highly polluted

Source: Muller (1969).
Table 3. Distribution of Index of Geo-Accumulation in soils in the Yenagoa Metropolis.

Statistical Heavy Metals (mg/kQg)
Parameters Pb Zn Cu Cd Co Cr Ni Hg Mn Fe
Minimum 0.60 1.12 047 055 0.00 0.00 0.00 0.00 0.68 -1.32
Maximum 085 419 131 0.85 0.98 0.85 1.10 0.85 1.12 1.39
Mean 076 223 079 0.77 0.63 0.65 0.83 0.48 0.94 -0.13
Standard Deviation 008 0.70 021 0.08 0.44 0.30 0.37 0.39 0.13 1.00

Source: Amukali (2018).

helped to mop-up zinc from the study area (Amukali,
2018). Enrichment factor for copper showed that soil
samples from Imgbi, Swali and Etegwe auto-mechanic
workshop clusters are all within deficiency to minimal
copper enrichment to those of moderate copper
enrichment whereas soil samples from Igbogene and
Imiringi auto-mechanic workshop clusters both showed
enrichment factors that ranged from moderate enrichment
to very high enrichment levels. It could be seen from
Tables 4 and 5 that enrichment factors for cadmium
ranged from deficiency to minimal enrichment to those of
moderate enrichment in soil samples encountered at Swali
and Etegwe auto-mechanic workshop clusters whereas
soil samples from Imgbi, Igbogene and Etegwe auto-
mechanic workshop clusters showed from moderate
enrichment to very high enrichment but later showed from
very high enrichment in other instances to extremely high
enrichment. Further scrutiny showed that mean
concentrations of cobalt were such that the enrichment
factors for cobalt were zeros in soil samples taken 100
meters away from the auto-mechanic workshop clusters at
Imgbi, Igbogene and Etegwe auto-mechanic workshop
clusters whereas soil samples taken within 0 meter and 50
meters from the auto-mechanic workshop clusters
exhibited enrichment factors that showed moderate
enrichment with copper (Table 4). Values recorded for
cobalt at Imiringi and Swali auto-mechanic workshop
clusters also exhibited enrichment factors that showed
evidence of either deficiency to minimal enrichment or
moderately enriched with copper, respectively. Sam et al.
(2015) also observed a similar trend in topsoils of selected

auto-mechanic workshops in Accra, Ghana.

Values of enrichment factors recorded for chromium in
soil samples varied between moderate enrichment to very
high enrichment in two instances at Imgbi auto-mechanic
workshop cluster and varied in another instance at
Igbogene auto-mechanic workshop cluster (Tables 4 and
5). Further scrutiny showed that soil samples from Imiringi
auto-mechanic workshop cluster showed enrichment
factor that were either moderately enriched to very highly
enriched with chromium while the soil samples from Swali
auto-mechanic workshop cluster showed enrichment
factors that varied from deficient to minimally enriched to
that of moderately enriched with chromium while soil
samples collected at Etegwe auto-mechanic workshop
cluster were observed to show zero enrichment with
chromium except soil samples taken from the reference
point (O meter) at a depth of 0 to 15 cm and those taken
50 meters away from the auto-mechanic workshop cluster
at a depth of 0 to 15 cm where enrichment factors were
either moderately enriched or deficient to minimally
enriched with chromium. Values of enrichment factors
were within the ranges recorded by Adelekan and
Abegunde (2011) in soils and groundwater around auto-
mechanic workshops in Ibadan, Oyo State, Nigeria and
Sam et al. (2015) in topsoils around auto-mechanic
workshops in Accra, Ghana.

It could be stated that soils from Imgbi auto-mechanic
workshop cluster was very highly enriched with nickel
within the vicinity (O meter) at soil depths of 0 to 15 cm and
15 to 30 cm but extremely and highly enriched with nickel
at 50 meters and 100 meters away from the auto-mechanic
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Table 4. Values for Enrichment Factor in soils of the study area.

Location Distances Depths Pb Zn Cu Cd Co Cr Ni Hg Mn Fe
Om 0-15cm 1595 295 350 1595 11.66 15.95 2331 2392 213 1.00
Om 15-30cm 993 342 290 1986 9.68 69.51 3193 1986 532 1.00
Om 30-45cm 1170 395 342 11.70 1140 11696 4786 1170 6.26 1.00
50 m 0-15cm 4577 463 5.02 1144 11.15 22.88 40.13 2288 6.12 1.00
Imgbi 50 m 15-30cm 3759 496 3.66 2506 1221 1253 51.28 1253 6.71 1.00

50m 30-45cm 26.99 5.23 395 1150 6.58 13.50 67.06 1350 10.83 1.00
100 m 0-15cm 22.88 3.25 3.35 11.44 0.00 11.44 70.23 1144 6.12 1.00
100 m 15-30cm  19.49 243 1.43 9.75 0.00 9.75 88.32 0.00 5.22 1.00
100 m 30-45cm 11.20 2.70 164 11.20 0.00 2240 107.15 0.00 5.99 1.00

Om 0-15cm 1224 0.63 17.89 2448 1193 2448 7.16 12.24  9.83 1.00
0m 15-30cm 25.67 0.77 2251 3851 1251 1284 7.51 0.00 6.87 1.00
Om 30-45cm 4155 095 3036 69.25 1350 13.85 12.15 0.00 3.71 1.00
50 m 0-15cm 2547 0.73 1489 2547 8.27 42.45 2.48 0.00 6.82 1.00

Igbogene 50 m 15-30cm 18.80 0.97 13.74 18.80 4.58 28.20 2.75 0.00 5.03 1.00
50 m 30-45cm 1097 123 1442 1097 534 21.93 0.00 0.00 5.87 1.00
100 m 0-15cm  25.67 254 26.27 25.67 0.00 25.67 0.00 1284 6.87 1.00
100 m 15-30cm 1350 221 23.67 1350 0.00 13.50 0.00 0.00 3.61 1.00
100 m 30-45cm 15.04 233 2418 15.04 0.00 15.04 0.00 0.00 4.02 1.00

0m 0-15cm 26.32 136 21.80 26.32 4.27 26.32 5.13 26.32 235 1.00
Om 15-30cm 16.71 290 21.98 16.71 4.07 16.71 2.44 25.06 224 1.00
0m 30-45cm 16.71 3.05 23.20 16.71 0.00 16.71 2.44 25.06 224 1.00
50 m 0-15cm 18.15 3.07 1592 18.15 442 18.15 2.65 18.15  2.43 1.00
Imiringi 50 m 15-30cm 23.92 227 19.23 23.92 5.83 11.96 3.50 1196 3.21 1.00

50m 30-45cm 25.67 4.16 22.87 2845 0.00 14.23 4.16 2845 381 1.00
100 m 0-15cm  26.34 254 2439 1284 6.25 25.67 3.75 12.84 6.87 1.00
100 m 15-30cm 26.99 3.02 2564 13.50 13.15 26.99 3.95 1350 7.22 1.00
100 m 30-45cm 1595 343 3030 1595 7.77 15.95 4.66 1595 854 1.00

Om 0-15cm 5.60 0.64 3.27 8.40 1.36 2.80 0.82 8.40 4.50 1.00
Om 15-30cm  5.95 0.73 3.04 5.95 1.45 2.97 0.87 8.92 4.77 1.00
Om 30-45cm 5.60 0.67 2.86 5.60 2.73 2.80 0.82 4759  3.75 1.00
50 m 0-15cm 4.14 0.38 2.12 4.14 1.01 2.07 0.61 2.07 2.22 1.00
Swali 50m 15-30cm  2.26 0.41 1.98 2.26 1.10 2.26 0.66 2.26 1.81 1.00

50 m 30-45cm  2.19 0.40 2.24 2.19 1.07 2.19 0.64 4.39 1.17 1.00
100 m 0-15cm 1.84 0.33 1.61 1.84 1.79 1.84 1.08 1.84 1.48 1.00
100 m 15-30cm  1.78 0.29 1.56 1.78 0.87 1.78 1.04 1.78 0.95 1.00
100 m 30-45cm  1.74 0.30 153 1.74 0.85 1.74 1.02 1.74 0.93 1.00

0Om 0-15cm 5.51 0.64 2.42 8.27 1.34 0.00 0.81 2.76 4.43 1.00
Om 15-30cm  5.72 0.62 251 5.72 1.39 2.86 0.84 0.00 4.59 1.00
0Om 30-45cm  3.01 0.62 1.76 6.02 1.47 0.00 0.88 0.00 3.22 1.00
50m 0-15cm 3.99 0.38 2.04 3.99 0.00 1.99 0.58 0.00 2.13 1.00
Etegwe 50 m 15-30cm  2.02 0.33 1.78 2.02 0.00 0.00 0.59 0.00 1.63 1.00

50m 30-45cm  2.18 0.32 1.60 2.18 0.00 0.00 0.64 0.00 1.17 1.00
100 m 0-15cm 3.52 0.29 1.55 1.77 0.00 0.00 1.03 0.00 0.95 1.00
100 m 15-30cm  3.42 0.29 1.00 171 0.00 0.00 1.00 0.00 0.92 1.00
100 m 30-45cm  1.65 0.28 1.20 1.65 0.00 0.00 0.48 0.00 0.44 1.00

Source: Amukali, (2018).
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Table 5. Classes for categorization of pollution status based on Enrichment Factor in soils.

S/No. Classes

Value of soil quality

On the basis of differentiation based on the origins; natural or anthropogenic

1 EF>15
2 EF<2
EF>2

On the basis of degree of enrichment

suggests metals delivered by anthropogenic sources,
suggests minimal elemental enrichment and
suggests various degrees of metal enrichment (Fagboje and Olanipekun, 2010)

1 EF<2 indicates deficiency to minimal enrichment
2 2<EF =20 indicates moderate enrichment

3 20<EF 240 indicates very high enrichment and

4 EF > 40 indicates extremely high enrichment.

Sources: Sam et al., (2015).

Table 6. Overall Values of Enrichment Factors in soils in the Yenagoa Metropolis.

Statistical Parameters Pb Zn Cu Co Cr Ni Hg Mn Fe
Minimum 1.65 0.28 1.00 0.00 0.00 0.00 0.00 0.44  1.00
Maximum 4577 523 3036 69.25 1350 116.96 107.15 4759 10.83 1.00
Mean 14.43 1.47 10.18 13.54 4.02 15.35 13.48 8.89 4.16 1.00
SD 1154 148 1015 1239 461 20.49 25.69 10.82 254 0.00

Source: Amukali (2018).

workshop clusters for all soil samples collected in this
study (Tables 4 and 5). Furthermore, enrichment factors
for nickel at Igbogene, Imiringi, Swali and Etegwe auto-
mechanic workshop clusters were within deficient to
minimally enriched to moderate enrichment with nickel,
though in a few instances, zero enrichment factors were
recorded (Table 4). For mercury, it was noticed that all
values for the enrichment factors for Igbogene and Etegwe
auto-mechanic workshop clusters showed zero except at
the reference point (0 meter) at Igbogene auto-mechanic
workshop cluster at a depth of 0 to 15 cm and 100 meters
at a depth of 0 to 15 cm which showed enrichment factors
that were moderately enriched with mercury. Values of
Mercury in this study were below those recorded by Sam
et al. (2015).

On the other hand, enrichment factors for mercury at
Imgbi, Imiringi and Swali auto-mechanic workshop cluster
all showed evidence of deficient/minimally enriched,
moderately enriched or very highly enriched with mercury.
This is an indication that geogenic sources could not be
held accountable for the levels of mercury recorded in this
present study, rather, anthropogenic activities emanating
from disposal of heavy metal-bearing waste materials
within and around the auto-mechanic workshop clusters
should be responsible. The control site lacked mercury in
all soil depths and distances considered in this study. The
levels of mercury encountered in this study were less than
those reported by Gochfeld (2003). It was also observed
that manganese showed enrichment factors that were

within the deficient/minimally enriched to moderate
enrichment with manganese for all soil samples
encountered in all sampled areas in this study. Finally, it is
noteworthy to re-emphasize that iron was used as a
normalizer for the other heavy metals thus showed
enrichment  factor values that were  within
deficient/minimally enriched (Table 4).

Overall distribution of Enrichment Factor (EF) in soils
in the Yenagoa metropolis

Enrichment factor has shown that Zn (1.47) was not
delivered through anthropogenic but geogenic sources
while Pb (11.54), Cu (10.18), Cd (13.54), Co (4.02), Cr
(15.35), Ni (13.48), Hg (8.89) and Mn (4.16) were delivered
through anthropogenic influences while Fe (1.00) was the
normalizer (Table 6) in this study. This implied that
anthropogenic influences with regards to discharge of
heavy metals into soils of auto-mechanic workshop
clusters in the Yenagoa Metropolis has serious cause for
concern owing to increasing levels of the heavy metals in
the soils.

Conclusion

It was observed that the elemental contributions from the
ten (10) heavy metals considered varied from one heavy
metal to the other. Specifically, lead was observed to show
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the greatest elemental enrichment spread at all auto-
mechanic workshop clusters sampled as it was found to
show from considerable to very high contamination status
in soils of most of the auto-mechanic workshop clusters.
Soils of the five (5) auto-mechanic workshop clusters were
generally observed to show from moderate degrees to
very high degrees of contamination. In addition, evidence
of progressive deterioration of soils of Imgbi, Imiringi and
Swali were observed.

Finally, it was observed that anthropogenic activity like
disposal of heavy metal-bearing waste materials within the
study area was responsible for the levels of lead,
cadmium, cobalt, chromium, mercury at all the auto-
mechanic workshop clusters and copper in soils at
Igbogene, Imiringi, Swali and Etegwe auto-mechanic
workshop clusters. It was further noted that zinc and
copper as well as nickel in soils at Imgbi auto-mechanic
workshop cluster were generated through geogenic
sources. Same for manganese encountered in soil
samples from Imiringi, Swali and Etegwe auto-mechanic
workshop clusters and Iron in soils at 0 meter at Imghi,
Igbogene and Imiringi auto-mechanic workshop clusters
were all found to have been generated through geogenic
sources at the study area.

Values of i-geo showed that Zn showed moderate to
highly polluted geogenically while Pb, Cu, Cd, Co, Cr, Ni,
Hg, Mn and Fe showed unpolluted to moderately polluted
geogenically around soils of auto-mechanic workshop
clusters in the Yenagoa Metropolis. Enrichment factor has
shown that Zn was not delivered through anthropogenic
but geogenic sources while evidence existed that Pb, Cu,
Cd, Co, Cr, Ni, Hg and Mn were delivered anthropogenic-
cally. Fe was the normalizer in this study. The Zn should
possibly be from those specifically bound to organic matter
contents of soils in the study. The progressive
contamination scenario observed in soils of the auto-
mechanic workshop clusters in this work were mainly
attributable to anthropogenic activities arising from
unprofessional ways artisans adopted in disposal of heavy
metal-bearing wastes onto soils of the study area. This
calls for serious health and environmental concern as
progressive deterioration of soil quality could lead to food
chain contamination. Finally, heavy metal pollution could
result from indiscriminate waste disposal and
unprofessional practices on the part of artisans working in
auto-mechanic workshop clusters, thus they should be
well regulated to prevent them from inducing toxic,
terratogenic and carcinogenic effects in man.
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