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Abstract: This research appraised the extent of contamination in soils within the vicinity of automobile workshops in Warri,
Delta State, Nigeria. This was with the view of ascertaining the effects of the estimated contamination would have on the
quality of soils and terrestrial organisms in the impacted soils. The soils were moderate to slightly acidic with a range from
5.42 + 0.04 to 6.41 = 0.13. Zinc contamination in the soils was very severely contaminated (C/P index 0.85), lead had very
slight contamination index of 0.11 while copper was moderated polluted with a C/P index value of 2.57. The soils had
contamination factor (CF) greater than 6 in all the metals, indicating very high contamination. The degree of contamination
was 163.25, implying very high degree of contamination. The pollution load index value of 5.47 obtained for n=3 (metals)
showed that the soils had very intense perturbation. Iron being relatively abundant in nature has no C/P value as the lists of
standards formulated by Department of Petroleum Resources (DPR) excludes iron. Contamination factor obtained for TPH
varied from 41.88 to 47.27. The soils were rated to be excessively contaminated with petroleum hydrocarbons. There was
significant variations between the controls and the contaminated soils at levels of P =.05. The impacted soils could have
detrimental effects on the quality of soils and terrestrial organisms within and around automobile workshops.

Keywords: Automobile Workshops, Contamination Factor (CF), Contamination / Pollution Index (C/P),
Degree of Contamination (DC), Pollution Load Index (PLI), Petroleum Hydrocarbons, Soils

of these products together with the lack of appropriate waste
disposal methods / techniques have caused a lot of substances
to end up in the environment causing contamination of soil,
groundwater, sediments and subsequently the food chain [1].
There is a growing influx of used vehicles (‘Tokunbo’)
into Nigeria on a daily basis since the late 1990s. Even with
the recent ban on cars over ten years of manufacturing by the
Federal Government, vehicles with a lifespan of more than
ten years are still been smuggled into the country and this
have increase the numbers of vehicles on the roads,
automobile repairs/workshops activities and subsequently the

1. Introduction

Humans have invented many means to make life more
comfortable and movement from one place to the other
easier. Excavating fossil fuels for energy to power vehicles
and machines have facilitated the improvement of the quality
of life for many people. Unfortunately, many of these
inventions have a downside because energy and chemicals
needed for such improvements may have adverse impacts on
the environment and humans. Manufacturing and application
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amount of pollutants in environmental media (soil, air,
water). Since there are no proper regulations on the areas
where automobile service workshops should be sited, most
automobile mechanics site their workshops in populated
residential areas especially in the heart of the cities in most
states [2].

Automobile wastes are usually generated after servicing,
repairs or maintenance of vehicles, heavy duty machines and
other types of engines. The waste which is usually dark
brown to black could cause deleterious effects on organisms
and the environment when released into recipient bodies,
because it contains oxidation products, sediments, water and
metallic particles resulting from machinery wears, organic
and inorganic chemicals used in oil additives and metals that
are present in fuel and transferred to the crankcase during
combustion [3].

Considerable quantities of heavy metals such as Pb, Zn,
Cu, Cr, Ni, and Cd are contained in automobile wastes,
which are introduced into the oil as a result of wear and tear
of the engine. Used oils also contain high percentage of other
aromatic and aliphatic hydrocarbons, nitrogen, sulphur
compounds and other metals than fresh oils. Automobile
waste also include waste oils used for cleaning during
servicing, metal scraps, used batteries etc., which are
indiscriminately disposed by artisans and subsequently
contaminate soils and other environmental media. Due to the
low solubility of the spent oils, once discarded, the oils tend
to percolated into soil and sediments, and pose threats to
underground waters and other recipient systems. The process
of evaporation would also release the lighter oily fractions

into the atmosphere [4-5].

Soil contamination has been a growing concern, because it
can be a source of groundwater (drinking water)
contamination since petroleum residuals may be in the soil
for years [6]. In Nigeria, it is common practice among
automobile mechanics to dispose their waste into water
drains and soils [7]. Improper waste disposal practice could
cause great damage to soils by creating unsatisfactory
conditions for life in the soil, poor aeration, immobilization
of soil nutrients, low soil fertility and lowered soil pH which
subsequently result in unsatisfactory seed germination,
growth and yield of crop. It could also reduce further
usability of the land for development and invariably impair
groundwater [8-9].

Waste generation and poor waste management have the
potential to pollute the environment since the generated
wastes may spill or leak from storage or spent containers.
Additionally, improper waste management involving
automobile waste may account for environmental pollution
within and around these service stations or workshops. The
waste oils may affect neighbouring lands when leached into
the environment as a result of spill, rains, run-offs and
accidental disposal. With respect to this trend, the pollution
in environment media (air, water and soils) can be better
imagined than experienced. This study, therefore examined
an overview of contaminated soils within the vicinity of
automobile workshops with a view to determine the extent of
pollution, which would provide an impetus on awareness of
dangers that lies in indiscriminate disposal of used engine
and automobile oils in the environment.
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Figure 1. Map of Delta State showing the sampling locations.
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2. Materials and Method
2.1. Study Area

The study area is Warri and its environs in the Niger Delta
area of Delta State, Nigeria. From a small river settlement,
Warri has grown to engulf the surrounding towns of Effurun,
Ekpan, Enerhen, Edjeba, Ogunu, Jakpa, Ovwian-Aladja and
Udu (Figure 1). The area is characterized by tropical
equatorial climate with mean annual temperature of 32.8°C
with rainfall amount of 3000 mm. Rainfall period ranges
from January - December. However, double rain maxima
between the months of July and September are usually
observed. There is a little dry spell in the month of August
called August break [10]. Major activities in the area include
farming, fishing, trading, burning of wood, fossil fuels,
refining of petroleum products, gas flaring, poor / wrong
agricultural practices, commercial activities and so on.

2.2. Collection of Soil Samples

A total of ninety six (96) soil samples were randomly
collected in triplicate at two depths from four major areas of
intense mechanic activities which include: Bendel estate,
Eboh road, Nigeria Ports Authority (NPA) and Jakpa road.
Each of these areas has a minimum of four to five workshops
clustered in empty plots of lands at different sites off the

major roads in the respective locations. Background (control)
samples were collected from an area in Agbaroh, Delta State,
where there was no automobile activity (Table 1). In each
case, soil samples were taken from the surface (0 — 15 cm)
and first sub-surface (15 — 30 cm) and would subsequently be
referred to as topsoil and subsoil respectively. After
collection, objects such as dead weed, stems, leaves, sticks
and stones were carefully removed and the soil samples were
transferred into labeled containers. In the laboratory, the soils
were air dried, gently crushed and sieved through a 2-mm
sieve. These were kept for further treatment and analysis of
the different components needed for the study. The sampling
areas are geo-referenced as in Table 1.

Table 1. Sampling points and geographical coordinates.

Sampling Location Latitude Longitude

Background (control) N 5°35°21.67” E5°51°34.17”
Bendel Estate N 5°32°32.76” E 5°45° 58.53”
NPA, Warri N 5°32° 18.26” E 5°44’ 48 .85
Jakpa Road N 5°33°51.75” E 5°45° 16.46°
Eboh Road N 5°31°37.24” E 5°45°01.16”

2.3. Methods for Soil Quality Parameters

The properties of the soil samples were determined by
standard methods as detailed in Table 2.

Table 2. Methods for soil quality parameters.

Parameters

Analytical Methods

pH pH, (APHA 4500 H") Folsom et al, [11]

Total organic content (%)

Exchangeable bases (Ca, Mg, Na and K)
Total Petroleum Hydrocarbon (TPH)
Soil texture

Soil particle size

Heavy metals

Walkey and Black, [12]

Extraction and Atomic Absorption Spectrophotometer

Extraction and Gas chromatography (USEPA #418.1 (USEPA, [13]
IITA, [14]

1ITA, [14]

Atomic Adsorption Spectrometer (AAS) (Shimazu 6701 F model)

2.4. Assessment of Contamination Status

The contamination or pollution status of soil and/or
sediment could be estimated using various indices such as
contamination/pollution index (C/P), concentration factor
(CF), degree of contamination (DC), pollution load index
(PLI) etc.

(i) Contamination / Pollution index

Pollution index was estimated using standard employed for
interpreting soil contamination/pollution for each parameter
of interest [15]. The contamination/pollution index C/P
represents the inorganic and organic content effectively
measured in soil and the reference value of the contamination
obtained using the standard table as stipulated by the
Department of Petroleum Resources (DPR) for the maximum
allowable concentration of the contaminant in the media [16].
The Dutch target and intervention values could also be used,
however, since the soils are indigenous to Nigeria, the DPR
specified values were employed. If the C/P index value is
greater than unity (1), it defines a pollution range and when
lower than unity the contamination range. It could be

calculated using the formula given below:

actual measurement of contaminant concentration in medium
C/P = (1)
Target values from reference table

Indexes were calculated using the target standard values in
Table 3 and the ratings from Table 4 was used to adjudge the
pollution index for the study area.

Table 3. Target and intervention values for organics and inorganics
components in soil.

Metals Target values (mg/kg) Intervention values (mg/kg)
Barium 200 5000
Cadmium 0.8 17
Chromium 100 380
Copper 36 190
Mercury 0.3 10
Lead 85 530
Nickel 35 210
Zinc 140 720
Cobalt 20 240
Mineral oils 50 5000

Source: DPR, [16]
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Table 4. Significance of intervals of contamination/pollution index (C/P)
values.

C/P Significance Symbols
<0.1 Very slight contamination Vsl
0.10-0.25 Slight contamination S1
0.26-0.5 Moderate contamination Mo
0.51-0.75 Severe contamination Stl
0.76 - 1.0 Very severe contamination Vstl
1.1-2.0 Slight pollution Sp
2.1-4.0 Moderate pollution Mp
4.1-8.0 Severe pollution Stp
8.1-16.0 Very severe pollution Vstp
>16 Excessive pollution Ep

Source: Lacatusu, [15]

(ii) Contamination factor (CF)

Contamination factor (CF) is also called single pollution
index (PI). Contamination factor is the quotient obtained by
dividing the concentration of metals in the contaminated
medium by the reference (background or control) area. The
contamination factor can be calculated through the following
formula as suggested by Harikumar et al., 17].

CF — Mcontam (2)
Mbackground

In the above equation, Mc is the concentration of metals in
the contaminated or target area, and M, is the metals
concentration of the reference area. Contamination factor
(CF) gives an indication of the elevation of the levels of
contaminants in the test medium in comparison with the
background or control samples. CF 1is categorized as

tabulated in Table 5.

Table 5. Classification of contamination factor.

(iv) Pollution load index

Results of contamination factor (CF) are mostly
associated with single pollution load, while their n-root is
used for integrated pollution load index. Pollution load
index (PLI) is a simple statistical technique used to
determine elemental contents in the medium beyond the
reference concentration and it provides comprehensive
information about the metals toxicity in respective samples
[20-21]. Pollution load index can be determined through the
following formula:

PLI = Y/nCF “4)

Where PLI represents the pollution load index, CF is the
contamination factor, and n is the number of elements
(contaminants). That is the n—root of the product of CF. PLI
provides a simple means of assessing the quality of an
environmental medium. Table 7 showed the classification for
PLI. The PLI > 1 indicates polluted, while PLI < 1 indicates
no pollution.

Table 7. Classification of pollution load index (PLI).

Degree of Contamination Classification

PLI=0 Perfect situation
PLI=1 Baseline levels
PLI>1 Perturbation or pollution of the medium

Contamination factor Classification
CF<1 Low
1<CF<3 Moderate
3<CF<6 Considerable
CF>6 Very high

Source: Hakanson, [18]; Okieimen, [19]

(iii) Degree of contamination index (DC)

The degree of contamination (DC) of one determined area is
the sum of all contamination factors of the studied parameters.
DC is obtained using the relationship in equation 3.

DC =Y CF 3)

An area could be classified according to DC values given
in Table 6.

Table 6. Classification of degree of contamination.

Degree of Contamination Classification
DC<8 Low
8§<DC<16 Moderate

16 <DC <32 Considerable
DC > 32 Very high

Source: Hakanson, [18]; Okieimen, [19]

Source: Hakanson, [18]; Okieimen, [19]

2.5. Statistical Analysis

All experiments were conducted in triplicate and used for
the calculation of the means for organic and inorganic
components of the soils. The statistical test was carried out to
determine the level of significance at P <.05 using analysis of
variance (ANOVA). Line graphs were used to illustrate the
means of the various measurement variables.

3. Results

The results for the physico-chemical parameters, heavy
metals and organics obtained from the contaminated soils
within the vicinity of automobile workshops in Bendel estate,
NPA, Jakpa road, Eboh road and Agbarho (control) are
presented in Tables 8 — 13 and Figures 2 - 3.

The particle size distribution of soil samples are shown
in Table 8. The soil was principally loamy sand with sand
constituting more than 65% of the inorganic mineral
fragment. Soil texture, which is a physical property of the
soil, refers to the relative percentages of sand, silt, and
clay. Where clay is the smallest soil particle, sand is the
largest soil particle and silt is an intermediate sized soil
particle. The texture of the soil determines the
permeability of the soils with respect to mobility of
substance in the soil.
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Table 8. Mean particle size distribution of the soils.

Sample Location % Sand % Silt % Clay Texture
Control (topsoil — 0-15 cm) 93.80 1.10 5.10 Sandy
Control (subsoil — 15-30 cm) 91.80 2.10 6.10 Sandy
Bendel Estate (topsoil — 0-15 cm) 84.80 6.30 8.90 Sandy loam
Bendel Estate (subsoil — 15-30 cm) 87.80 5.10 7.10 Loamy Sandy
NPA (topsoil — 0-15 cm) 79.80 13.10 7.10 Loamy Sandy
NPA (subsoil — 15-30 cm) 79.80 13.10 7.10 Loamy Sandy
Jakpa (topsoil — 0-15 cm) 81.80 9.10 9.10 Loamy Sandy
Jakpa (subsoil — 15-30 cm) 67.80 16.10 16.10 Sandy loamy
Eboh (topsoil — 0-15 cm) 67.80 18.10 14.10 Sandy loamy
Eboh (subsoil — 15-30 cm) 69.80 10.10 20.10 Sandy loamy

The pH values for soils in the study area were moderate to slightly acidic with range from 5.42 + 0.04 in NPA, 0-15 cm to
6.41 £ 0.13 in the control, 15-30 cm (Table 9 and Figure 2). The pH range for typical soils is presented in Table 10.
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Figure 2. Mean pH of soils in the study area.

Table 9. Mean + SD of soil pH in the study area.

Sample Location Topsoil (0-15¢cm) Subsoil (0-15¢m)
Control 6.20+0.10 6.41+0.13
Bendel Estate 5.76 £0.13 5.97+0.03
NPA 5.42 +£0.04 5.76 £0.03
Jakpa 5.54+0.03 6.34+0.01
Eboh 5.71+0.11 6.16 +0.04

The results for the mean exchangeable acidity, bases and
effective cation exchange capacity (ECEC) in cmol(+)/kg are

presented in Table 11. The effective cation exchange capacity
(ECEC), which is the sum of exchangeable bases (Ca®',
Mg®*, Na®, K") and exchange acidity (A" + H") are
expressed in cmol/kg. In soils, the desired range is between 5
- 25 cmol/kg. Where ECEC is less than 5, is indicative of low
soil fertility. The concentrations from this study indicated
that the soils were moderate in nutrient.

Table 10. pH range for typical soils.

<5.0 5.5

6.0

6.5-7.5 7.5-8.5 >8.5

Strongly acid Moderately acid

Slightly acid

Neutral Moderately alkaline Strongly alkaline

Table 11. Mean exchangeable acidity, bases and ECEC in cmol(+)/kg.

Sample Location Exchangeable acids Exchangeable bases Total ECEC
Control 1.70 +0.03 28.28+0.10 29.98 +0.07
Bendel 1.44 +£0.02 24.76 £0.16 26.20+0.12
NPA 1.28 +£0.06 21.98 £0.36 23.26 +£0.13
Jakpa 1.84 +0.04 24.06 +0.20 25.90 +0.18
Eboh 1.04 +0.02 26.43 +0.09 27.47 +0.09

ECEC = Total sum of exchangeable acid + Total sum of exchangeable base
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The data on organic carbon content ranged from 0.12 +
0.01 to 3.41 + 0.08% (Table 12). Total organic carbon (TOC)
is a measure of the carbon contained within soil organic
matter. Organic matter is commonly and incorrectly used to
describe the same soil fraction as total organic carbon.
Organic matter is different from total organic carbon because
it includes all the elements (hydrogen, oxygen, nitrogen, etc.)
that are components of organic compounds, not only carbon.
All soils in the study area fall under low to medium content
category of organic carbon. The highest TOC content (3.41 £
0.08%) was observed in Jakpa (top soil — 0-15 cm) while the
lowest (0.12 = 0.01%) was obtained in the control (bottom
soil — 15-30 cm). The surface horizons of all the profiles
were higher in organic matter than sub-surface horizons. A
general trend of decreasing organic carbon with depth was
observed in all the samples except NPA. The TOC content
increased from the topsoil to bottom soils, this increasing
trend of TOC might be attributed to the high concentration of
the spilled oil on the top soil as compared to the bottom soil,
except for NPA where the bottom soil has a higher TOC
compared to the bottom. This showed that spilled oil had
settled deeply into the soil since it was an old automobile
workshop that the soil had been impacted compared to the
other mechanic workshops in Jakpa road, Bendel Estate and
Eboh road.

Table 12. Mean concentration of total organic matter and carbon (TOM and
T0C).

Samples TOM % TOC %

Control (topsoil — 0-15 cm) 0.67 +£0.05 0.39+0.03
Control (subsoil — 15-30 cm) 0.21+0.03 0.12+0.01
Bendel Estate (topsoil — 0-15 cm) 5.48 +£0.07 3.18+0.05
Bendel Estate (subsoil — 15-30 cm) 448 £0.04 2.60 +0.06
NPA (topsoil — 0-15 cm) 548 +£0.10 3.18+£0.10
NPA (subsoil — 15-30 cm) 5.69+0.12 3.30+0.06
Jakpa (topsoil — 0-15 cm) 5.88+0.11 3.41+0.08
Jakpa (subsoil — 15-30 cm) 1.60 +0.02 0.93 +0.01
Eboh (topsoil — 0-15 cm) 2.53+£0.03 1.43+0.02
Eboh (subsoil — 15-30 cm) 2.34+0.04 1.36 £ 0.02

The mean results of the metals analysed in the study are
shown in Table 13. The results showed that zinc level ranged
from 17.6 £ 0.11 mg/kg in the control — topsoil to 128.1 + 6.0
mg/kg in NPA topsoil. Iron concentrations in the subsoil for
the control recorded 106.0 + 3.2 mg/kg while the highest 352
+ 6.9 mg/kg was reported in Eboh topsoil. Similarly, 0.052 +
0.06 mg/kg (control - topsoil) was reported for lead while the
maximum value of 13.6 + 0.98 mg/kg was recorded in Eboh
subsoil. Copper concentration varied from 12.83 + 0.04
mg/kg (control - topsoil) to 113 + 0.54 mg/kg (NPA -
topsoil). The values of all metals determined within the
intervention (tolerable) values recommended by Department
of Petroleum Resources (DPR) [16].

Table 13. Mean concentrations of heavy metals in soils.

Parameter DPR target DPR Intervention Control Control Bendel Estate Bendel Estate (subsoil —
value value (topsoil — 0-15 cm (subsoil — 15-30 cm  (topsoil — 0-15 cm) 15-30 cm)
Fe N/A N/A 113.243.7 106.0£3.2 323+5.2 261+£32
Zn 140 720 17.6+0.11 17.6+0.09 121.7£2.9 110.4+£9.4
Pb 85 530 0.072+0.01 0.052+0.06 10.2+0.64 6.32+0.44
Cu 36 190 12.83+0.04 17.1+0.02 108+0.99 93+2.8
Table 13. Continue.
Parameter NPA NPA Jakpa Jakpa Eboh Eboh
(topsoil — 0-15 cm (subsoil — 15-30 cm (topsoil — 0-15 cm (subsoil — 15-30 cm  (topsoil — 0-15 cm (subsoil — 15-30 cm
Fe 317.3£7.9 248.6+4.9 308.4+3.4 21749.3 35246.9 21943.1
Zn 128.1+£6.0 118.0+£0.09 123.3+4.8 114.6£3.4 120.1+4.9 112.8+£7.2
Pb 9.73+0.34 5.28+0.39 11.07+0.44 8.16+0.76 13.6+0.98 10.2+0.54
Cu 113+0.54 97+3.2 86.7+2.7 57.3£1.3 102.6+3.5 81.4+3.0

SD: standard deviation; N/A — Not available

The contamination/pollution C/P index ranged from less
than unity to greater than unity for all the metals, indicating a
rating of very slight contamination to moderate
contamination of the soils with heavy metals (Table 4). Zinc
contamination in the soils was very severely contaminated
(C/P index 0.85), lead had very slight contamination index of
0.11 while copper was moderated polluted with a C/P index
value of 2.57. The soils had contamination factor (CF)
greater than 6 in all the metals, indicating very high
contamination (Table 5). Using the rating as stipulated in

Table 6, the degree of contamination was greater than 32, a
value of 163.25 was obtained, implying very high degree of
contamination. The pollution load index value of 5.47
obtained for a n-root (3) showed that the soils had very
intense perturbation (Table 7). Fe being relatively abundant
in nature has no C/P value as the lists of standards formulated
by Department of Petroleum Resources excludes Fe (DPR,
2002) [16], hence the total metal load was evaluated using
Zn, Pb and Cu.
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Table 14. Anthropogenic contamination status of heavy metals in soils.

Parameters Pseudo-total metals levels (mg/kg) Background levels CF C/P DC=3CF PLI = Y/nCF
Zn 118.63 £ 1.02 17.6 £0.10 6.74 0.85

Pb 9.32+0.22 0.062 +0.03 150.32 0.11 163.25 5.47

Cu 92.38 +£0.74 14.92 £ 0.04 6.19 2.57

The results of total metals in Table 15, indicated that there was no spatial variation between the different contaminated sites
for the total metal load, however, there was significant difference between the contaminated soils and the background
(reference) sample at levels of P =.05 implying that the controls were typically free of heavy metal contaminations.

Table 15. Spatial variation of total metals in soils.

Parameter Control Bendel Estate NPA Jakpa Eboh
Total metal (Zn+Pb+Cu)  65.25+0.1 449.62 £3.2 471.11 £3.9 401.13+2.9 440.70 £ 2.1
CF 1 6.89 7.22 6.15 6.75

The results of the analysis as shown in Figure 3 illustrates
the level of TPH at the two depths — (topsoil — 0-15 cm) and
(subsoil — 15-30 cm) of the contaminated soil samples. In
Bendel Estate, the mean TPH concentration decreases as
depth increased. The highest TPH concentration was
recorded at the depth of 0 — 15 ¢cm with a mean TPH value

J
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1317 + 2.5 mg/kg (Figure 3). Similar trend was observed in
the other sampled locations. The TPH values obtained from
all the sampled stations except the control exceeded the
recommended Department of Petroleum Resources (DPR)
target limit of 50 mg/kg but were however within the DPR
Intervention value of 5000 mg/kg.
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Figure 3. Mean + SE of TPH concentrations in soils.

The soils from the contaminated site can be categorized as
very highly contaminated by TPH. CF values obtained varied
from 41.88 in NPA to 47.27 in Bendel Estate. The results for
C/P varied from 21.78 in NPA to 24.58 in Bendel estate.
Since, the C/P index were greater than 16, the soils were
rated to be excessively contaminated with petroleum

hydrocarbons (Tables 3, 4, 16). The controls were typically
free of hydrocarbon pollution, the very low concentrations
reported could be due to biogenic components in the soils.
There was significant variations between the controls and the
contaminated soils at levels of P =.05.

Table 16. Anthropogenic contamination status of TPH in soils.

Parameter

Control Bendel Estate NPA Jakpa Eboh
TPH 26 +0.09 1229 +12.4 1089 +10.2 1220+ 11.9 1163 + 14.1
CF 1 47.27 41.88 46.92 44.73
C/P 0.52 24.58 21.78 24.40 23.26

4. Discussion

Automobile waste oils dumped indiscriminately in service
and maintenance workshops can invariably influence the
quality and terrestrial lives in the soil. In this research, the

soils were moderate to slightly acidic. The low pH levels
could be attributed to the breakdown of organic matter
(automobile spent oils) releasing hydrogen. Similarly, the
acidity could have been influenced by other service activities
including dumping / disposal of waste batteries containing
acids. Also another possible influence in the region with
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respect to low pH could be as a result of acid-rain caused by
long-term gas flaring from refinery in close proximity to
some of the sampled locations [22-24].

Plant growth and most soil processes, including nutrient
availability and microbial activity, are favoured by a soil pH
range of 5.5 — 8. Acid soil, particularly in the subsurface, will
also restrict root access to water and nutrients. The lower the
CEC of a soil, the faster the soil pH will decrease with time.
In very acid soils, all the major plant nutrients (nitrogen,
phosphorus, potassium, sulphur, calcium, manganese and
also the trace element molybdenum) may be unavailable, or
only available in insufficient quantities. Plants can show
deficiency symptoms despite adequate fertiliser application.
If the topsoil pH is below 5.5, liming would restore the soil
fertility. Liming is necessary if the subsurface pH is below
4.8, whether or not the topsoil is acidic. Liming soils to
higher than pH 5 (CaCl,) will maintain exchangeable plant
nutrient cations [25-26].

Total organic carbon influences many soil characteristics
including colour, nutrient holding capacity (cation and anion
exchange capacity), nutrient turnover and stability, which in
turn influence water relations, aeration and workability. By
providing a food source for micro-organisms, organic carbon
can help improve soil stability by micro-organisms binding
soil particles together into aggregates. Bacteria excretions,
root exudates, fungal hyphae and plant roots can all
contribute to better soil structure.

The metal content of mechanic waste is also very
important, because many of these metals at certain
concentrations are potentially very dangerous to living
organisms and plants in the soil [27]. Automobile waste
contains high concentrations of lead (Pb), zinc (Zn),
cadmium (Cd), barium (Ba), magnesium (Mg), and lower
concentrations of Iron (Fe), sodium (Na), copper (Cu),
aluminum (Al), chromium (Cr), manganese (Mn), potassium
(K) and nickel (Ni). The concentration of metals in oil
increase with motor operating time and the amount is
dependent on fuel type and the mechanical condition of the
engine [28-29].

Similarly, the abundance of some of these metals might be
due to their relative abundance in soil or the anthropogenic
source from the metal junkyard found in many of the auto
mechanic site. Used oils that sink into the ground as
leachates contain high proportions of these metals. Cu, Pb
and Sb from babbit metal bushings, Cr and Mo from piston
rings and seals, Cu and Sn from metal bearing wears, Ni and
Fe from crankshafts wear and engine body damage, which
may leach into the soil during maintenance, disposal or spills
[2].

Most of the used motor oils in automobile workshops are
combusted and this operation produces large quantities of
heavy metal emissions. The emitted particles and residue
products are ranked to be among the most toxic in
comparison with other environmental particles. The sandy
formation was porous and permeable, which implied that
heavy metals and organics from the waste oils could migrate
easily into the unconfined shallow aquifer to contaminate the

groundwater system.

The enrichment of the soil with lead may be attributed the
various human activities ongoing around the mechanic
workshops. Some of the concentration of lead in the soil
could be from automobile exhaust fumes, decay of
abandoned dry cell electric batteries and runoff of wastes.
[30]. In the case of mechanic waste, the presence of lead can
diminish  hydrocarbon  biodegradation  [31].  The
concentrations reported for copper and zinc could be from
decomposition of electrical materials, roofing sheets, alloys,
etc. At low concentrations, some of these heavy metals are
essential micronutrients for plants, but at high concentrations
they could cause metabolic disorders and growth inhibition.
Iron and other metal toxicity may arise at certain high enough
concentrations [7].

High heavy metals load in the soil could cause significant
environmental damage to terrestrial organisms, plants and
soil health. Similarly, atmospheric depositions could cause its
bioaccumulation in plant via uptake from the soil and
eventual entry into the food chain [29, 32, 33]. These results
agreed with the findings of some authors namely
Oguntimehin and Ipinmorotie, [2], Adedokun and Ataga,
[33], Vwioko et al., [34] and Bello et al., [35].

The TPH concentrations in the topsoils from the four
locations were higher than the bottom soils. This indicated
that the effect of contamination from disposed / spilled
automobile waste on the soil increases the TPH level present
in the soil. Thus we can deduce that the spent / used oil was
gradually sipping into the bottom soil. However, the TPH
values obtained in this study exceeded the minimum 50
mg/kg recommended by Department of Petroleum Resources
(DPR) in all the locations. TPH concentrations between 100
to 500 mg/kg have been reported by some authors Adeniyi
and Afolabi, [36] and Martins and Peixoto, [37].

Total petroleum hydrocarbon (TPH) contaminated soil
poses environmental hazards. Similarly, used oils in soil can
induce a drastic change in the microbial communities. These
changes can affect the biological cycles in the soil, inhibits
plant development and hence increase the metal content of
surviving plants. The oil displaces air and water leading to
anaerobic condition [6]. The presence of spent oil in the soil
decreases the water holding capacity, aeration and reduces
the nitrogen, phosphorous and potassium content of the soil
due to the high level of heavy metals contained in the oil
especially used lubricating oil [34]. Odjegba and Sadiq, [8],
reported low yield and decreased growth of plant grown in
spent lubricant oil contaminated soil. It has also been shown
that there are marked changes in properties when soils are
contaminated with hydrocarbon and this could affect the
physical, chemical and microbiological properties of the soil
[38-40].

5. Conclusion

The extent of pollution in soils within the vicinity of
automobile workshops was estimated for organics and
inorganics in this research. Organic matter is considered to
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lower soil pH by releasing hydrogen ions that are associated
with the organic anions, a condition which is not favourable
for the survival of plants, could have been influenced in this
study by spent automobile oils, dumping / disposal of waste
batteries containing acids and long-term gas flaring from
refinery in close proximity to automobile workshops.
Terrestrial growth and most soil processes, including nutrient
availability and microbial activity could be impaired as a
result of acid soils and these soils are susceptible to erosion
and compaction. In addition, heavy metals load in the soil
could adversely affect environmental media resulting in
bioaccumulation of metal species along the food chain,
which could in turn damage terrestrial flora and fauna, alter
soil quality and impair human health. Petroleum
contaminated soil poses environmental hazards. Oil levels in
the soil decreases the water holding capacity, aeration and
reduces the nitrogen, phosphorous and potassium content of
the soil due to the high level of heavy metals contained in the
oil. Thus, as a result of spent oils in soils, microbial
metabolic activities will be impaired, plant growth and
development inhibited while the metal load in tolerant
species would increase. The results obtained from this study
revealed the improper disposed of used engine oil by
mechanics on the soil and this could be harmful to terrestrial
lives, soils and subsequently humans.
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