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ABSTRACT

Several studies have recorded effect of spent lubricant oil pollution on soil properties. This study
aims at evaluating the ecology of waste oil pollution and the impact of phytoremediation on soil
hydraulic conductivity vis-a-vis some edaphic properties using three leguminous plants; with the
objectives of performing field and laboratory study of such contamination and impact of
phytoremediation on such properties as soil texture and structure, particle density, bulk density,
porosity, organic matter content and total hydrocarbon content and hydraulic conductivity. Using
classical and conventional methods to assess the performance of these plant species, result
showed a trajectory influence across pollution levels on the soil edaphic properties culminating to
decrease in hydraulic conductivity. With the impact of phytoapsplication P. pterocarpum had greater
particle size (87.73%) of sand, particle density of 2.61 g/cm” with significant difference (P=0.05)
than C. retusa and L. leucocephala treated soils. A significantly (P=0.05) lower bulk density (0.83
glcm®), increased porosity (68%) and reduced organic matter content (2.65%) were recorded in
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remediation programmes.

P. pterocarpum treated soil. Total hydrocarbon reduction (1.8 mg/g) content and its equivalent
potency of greater removal and reduction (0.43 mg/g), high efficiency of 55% and 34.40
bioaccumulation quotient and a lower crusting hazard (24.63%) of sealing with increased hydraulic
conductivity (5.73 ml/s) were recorded in P. pterocarpum treated soil. By the foregoing potency
P. pterocarpum could be suggested as a good biological measure in integrated environmental

Keywords: Organic matter; bulk density; soil texture; soil structure; particle density.

1. INTRODUCTION

The use of natural gas and motor oil has been on
the increase due to industrialization that has
resulted in increased consumption of petroleum
products resulting in increased contamination
of sites with petroleum and petroleum by-
products [1]. According to Sulaiman et al. [2],
petroleum and its products are of specific
concern in pollution studies because of their
structural complexity, slow biodegradability,
biomagnification potential and the serious health
hazards associated with their release into the
environment.

Waste oil also known as spent engine oil is one
of the most common forms and sources of
pollution by petroleum hydrocarbon and its
derivatives on environmental media, especially
on soil terrestrial habitat. Spent engine oil, is
commonly obtained from the activities and
services of auto mechanics, generator repairers,
and allied artisans with workshops on the road
sides and open places [3]. It is dark brown to
black in colour and a complex mixture of mono
and multi-grade crankcase oils from petrol, diesel
engines, gear oils and transmission fluids with
significant levels of hydrocarbons, low to high
molecular weight (Cis — C,;) compounds,
lubricants, additives and decomposition products,
heavy metals and other properties present in all
petroleum products. The indiscriminate disposal
of this oil into gutters, water drains, and open
vacant plots of land in both farms and industrial
built up areas is a common experience especially
in developing nations like Nigeria and with its
attendance  pollution incidence in  the
environment it has been shown to be more
widespread and harmful than crude oil pollution
to the soil environment [4,5].

Over several decades, the changes of soll
properties resulting from organic and inorganic
sources of contamination have been a subject of
interest for many researchers. The saturation of
soil by fluids characterized by physico-chemical

properties that differ from water has been found
to have a deteriorating effect on its mechanical
and filtration parameters, plasticity, swelling and
other properties [6,7,8]. Eze et al. [9], had earlier
observed marked changes occurrence in the
physico-chemical and microbiological properties
of soils contaminated with lubricant oil. Several
other studies have also recorded effect of spent
lubricant oil contamination on soil properties
[10,11,12,13].

In general, increase in oil contamination of soil
reduces the permeability, strength and Atterberg
limits [8]. The aim of this study is to evaluate the
impact of phytoremediation techniques using
three legume plants on waste oil-contaminated
soils, it is necessary to quantify the modifications
in some of these physical properties, since they
are the most important factors affecting hydraulic
conductivity. The objectives of this study is to
perform field and laboratory testing program to
study the ecology of motor oil contamination
together with the effect of phytoremediation on

soils; hydraulic conductivity. The studied
properties include soil texture and structure,
particle  density, bulk density, porosity,

organic matter content and total hydrocarbon
content.

2. MATERIALS AND METHODS

The study was carried out in two phases
involving: field work and laboratory analyses.

2.1 Field Work
2.1.1 Sources of materials

Adopting the Stewarte et al. [14] and Song et al.
[15] approach, replicates of top loam soil (20 kg)
were collected in bulk within the standardized 0-
15 cm soil layer from a fallowed garden land of
the Faculty of Agriculture, University of Calabar,
Cross River State, Nigeria. The seeds of
Peltophorum pterocarpum (DC.) Heyne were
obtained from one of the green belt formations of
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the University of Port Harcourt, Rivers State,
Nigeria. The seeds of Leucaena leucocephala
(Lam) De Wit. and Crotolaria retusa Linn were
obtained from the wild in a dump site in Port
Harcourt and authenticated. The waste oil used
was obtained from mechanic workshop in Port
Harcourt. All chemical reagents, used in this
study were of analytical grade, purchased from
Welly International Company Nigeria
(Scientific/Hospital and Chemical supplier)
located in Port Harcourt.

2.1.2 Experimental design _and pollution of
the study site with waste oil

The “nested design” of Akindele [16] was
adopted in this study using a double split plot
design in which the nested analysis of variance
(PROC. ANOVA) procedures [17] was carried
out on the physico-edaphic parameter vis-a-vis
the hydraulic conductivity of waste oil polluted
sites. In such design three (3) different species of
plants were involved in the remediation of 3
different simulated doses or levels of waste oil
polluted site that were in replicates of five. The
pollutant was applied using a measuring cylinder.
The pollution was done in four levels in mill and
concentration (V/W %) doses of 0%, 75 (0.4%),
150 (0.8%) and 300 (1.5%) per 1,809 cm?
surface area. In each level of pollution, 3 phyto-
treatments were performed and replicated five
times. Differences in post-pollution soil, post-
phytoapplication species performance and soil
were tested using the parameter replicates by
treatment interaction and treatment by levels
interaction as the error terms.

2.1.3 Post-pollution habitat reclamation
treatment using the phytometers

Habitat reclamation treatment commenced 7
days after the pollution of the habitats. Each of
the three different levels of polluted replicates
and the control replicates were subjected to post-
pollution habitat reclamation using three species
of the Fabaceae plant family (P. pterocarpum, L.
leucocephala and C retusa). Healthy 14 days old
seedlings of the three species were planted into
the control and polluted soils in the microplots.
The pre- and post-pollution and post-
phytoapplication growth performance of these
seedlings were monitored for a period of ten (10)
months and used as a measure of their level of
tolerance in the polluted environment in relation
to comparative analysis of the root biota and
organic content of the species.

2.2 Baseline Analyses

The baseline analyses of pollutant and pre-
pollution soil was carried out. Post-pollution and
post-phytoapplication recuperation of the polluted
soil under the seedling was assessed by means
of comparative analysis of the biotic and physico-
edaphic parameters of the polluted soil using
classical methods;

2.2.1 Pollutant characterization

The waste oil used for the study was
characterized for the following properties:
specific gravity ASTM-D 1298-67, [18], pH API-
RP 45, [19], kinematic viscosity ASTM-D 445-75,
[20], base water sediment ASTM-D 96-73, [20],
Electrical conductivity, Oil & Grease / Total
hydrocarbon content API-RP- 45, [19], Organic
Carbon & Matter [21], nitrate APHA-419D, [22],
Sulphate ASTM-D-516, [20], Chloride ASTM-D-
512, [20], Phosphate ASTM-D-482-74, [20],
Sodium ASTM-D-4191, [20], Potassium ASTM-D
- 4192, [20], Calcium ASTM-D-511, [20],
Magnesium ASTM-D-511, [20] and Iron (ASTM-
D-1068, [20] and Zinc ASTM-D-3557, [20]. The
ASTM, APl and APHA procedures were adopted
and result given in Table 1.

2.2.2 Soil structure

Particle size analysis for soil structure adapted
the Black [23] and Bouyocous [24] methods and
textural analysis for various combination of sand,
silt and clay was extrapolated using the Textural
triangle model [25].

2.2.3 Bulk density

Bulk density was determined by the core method
of Black and Hartge [26] using a core sample
with a volume of 205 cm® and designated
formula.

2.2.4 Patrticle density

The Gradwell [27] as modified in Black [23] was
adopted for particle density analyses using the
Pycnhometer gravity bottle of 50 cm® capacity and
designated formula.

2.2.5 Porosity

Porosity by percentage determination of total
pore spaces was extrapolation from bulk and
particle density analyses using the formula
designate:
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%@:f%) x 100 1)

Where @ = porosity
BD = bulk density
PD = particle density

2.2.6 Hydraulic conductivity

Hydraulic conductivity by Darcy’s law of constant
head permeameter technique of Klute and
Dirkson, [28] was adopted in which the volume of
water (ml) passing in time (t) seconds was
measured using designated formula.

2.2.7 Crusting hazard

The Crusting hazard of hydrocarbon Risk of
sealing (R) was estimated using the Vander

Watt and Claassen’s [29] method as:

%R =20 Organic matter x 100 2)
(% Clay + % Silt)

2.2.8 Total hydrocarbon

Total hydrocarbon (THC) content was analysed
using the American Petroleum Institute (API-RP-
45) [19] method, through which the content was
estimated by reference to a calibration curve
using toluene as standard.

2.2.9 Organic_ matter

Organic matter (OM) content was extrapolated
from Organic Carbon following Walkley and
Black [30] method as modified in Nelson and
Somners [21], in which a complete oxidation of
aqueous potassium dichromate (K,Cr,0;) mixed
with sulphuric acid (H,SO,) and the residual
K,Cr,O7; (in oxidation) titrated against ferrous
sulphate solution was carried out and converted
to OM by multiplying the organic carbon values
by 1.724 with designated formula.

2.2.10 Root-length formation

The Root-length (cm) and level of formation of
the remediation species was determined by
means of meter rule placed at the base of the
primary (tap) roots from where reading took
place to the apex (tip) and data recorded in cm.

2.3 Phytoremediation the

Plant Species

Potency of

The potential of these species for remediation
activities was assessed using classical indices

among others which include: soil hydrocarbon
removal index, species efficiency index, and
bioaccumulation quotient index.

The amount of hydrocarbon removed or loss
from the soil per plant was estimated using the
Raghuvanshi et al. [31] method as in the

formular:
_Ci—Ce 3
H=—~x—xt
Q M
Where QH is the amount of hydrocarbon

removed from the soil (mg/g). Ci is the initial
concentration of hydrocarbon in the soil (mg/g),
Ce is equilibrium concentration of hydrocarbon in
the soil (mg/g) and M is the number of plants.

The efficiency of hydrocarbon removal per plant
from the soil was estimated as adopted by
Badmus et al. [32] using the equation:

g= (Ci-Ce) 4100 (4)
Ci
Where E is the efficiency of species for

hydrocarbon removal from the soil (%). Ci is the
initial concentration of hydrocarbon in the soil
(mg/g), Ce is equilibrium concentration of
hydrocarbon in the soil (mg/g).

The bioaccumulation quotient expresses the
possibility of contaminant being significantly
accumulated in plant parts, and imminent risk of
health hazard. It was expressed by the formula
designate:

BQ = (Concentration of accumulated
pollutant in plant/ Concentration of remaining
accumulated pollutant in species treated soil)

(5)
2.4 Data Analysis

The remediation performance was estimated
using the Statistical Analysis System (SAS)
PROC. NLIN procedure [17]. Data were then
analysed as a double-split plot design with 5
replicates using the Analysis of Variance (PROC
ANOVA) procedures [17]. Where significant
differences were observed, means were
separated according to the procedures of the
Duncan’'s New Multiple Range Test (DNMRT)
using least significant difference (LSD) tests at
5% probability level.
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3. RESULTS AND DISCUSSION

The physico-chemical properties of the waste oil
are presented in Table 1. The result as observed
in the structural and textural condition of the soil
habitat (Table 2) in the pre-pollution, post-
pollution and post-phytoapplication phases of
ecological study has recorded Vvariation in
percentage structural composition of sand, silt
and clay content of the soil and by the textural
triangle analysis was a sandy loam. There was
increase in the sandy component across various
levels of the waste oil post-pollution soil though
with non-significant difference (P=0.05) and
exemplified by the negative correction (r = - 0.42,
P=0.05) between THC and sand component
(Table 3). However, there was decrease in the
grain size of the silt and clay components with silt
across pollution level non-significantly (P=0.05)
different and clay significantly lower at medium
(0.8%) and High (1.5%) levels than pre-pollution
soil. This was presented in a positive correlation
(r = 0.23, P=0.05) between the THC and Silt and
(r = 0.30, P=0.05) with clay component of the
soil.

Table 1. Physicochemical properties of the
waste oil used for pollution of the soil

SIN  Parameters Results
1 Specific gravity (g/cm®) 0.89
2 pH 4.03
3 Kinematics viscosity (Cst) 4.90
4 Base water sediment (%) 0.56
5 Electrical conductivity (usCm™) 0.90
6 Oil & Grease (mg/l) 9.76
7 Total hydrocarbon content (mg/l)  0.41
8 Organic carbon (%) 19.80
9 Organic matter (%) 35.00
Anions
10 Nitrate (mg/l) 0.05
11 Sulphate (mg/l) 0.04
12 Chloride (mg/l) 13.60
13 Phosphate (mg/l) 0.70
Cations
14 Sodium (%) 0.89
15 Potassium (%) 0.31
16 Calcium (%) 0.28
17 Magnesium (%) 0.33
Metal
18 Iron (mg/l) 0.10
19 Zinc (mg/l) 0.18

The increase in grain size of sand could probably
be due to the base sediment component of the
waste oil, which subsequently enhances the
sandy loam texture of the waste oil soil. Similar
assertion by Essien and John [33] has shown
enhancement of particles size. The reduction in
silt and clay size was due to the fact that the

spent oil had considerable effect on the structure
of the soil. The solvent and hydrophobic
component of waste oil enhanced deaggregation
by dissolving gums and waxes that naturally help
cement soil aggregate together thereby causing
distortion in soil structure as interpreted in the
positive correction (r = 0.23; P=0.05) between
the THC and silt and (r = 0.30, P=0.05) clay
particles.

This corroborates the assertion that soil physical
properties could be impacted and degraded by
spent oil due to complete breakdown of structure
and dispersion of soil particles [34]. Though the
post polluted sandy component was nhon-
significantly higher than pre-polluted soil, it was
significantly lower than the species controlled soil
in percentage grain or particle size. The impact
of phytoapplication on the post-polluted soil, has
recorded increase the in the % particle size of
sand with P. pterocarpum treated soil having a
greater percentage of sand with significant
difference (P=0.05) than C. retusa and L.
leucocephala treated polluted soil.

The decrease in % silt size of post polluted soil
was also restored to the status of controlled soil
with L. leucocephala having greater % silt
significantly different (P=0.05) at medium and
high pollution remediation levels than P.
pterocarpum and C. retusa treated soil in the
order LI>PP>Cr, while the polluted clay particle
size was not significantly restored by
phytoapplication though with L. leucocephala
treated soil having greater clay percentage
(5.8%) than P. pterocarpum (5.7%) and C. retusa
(5%) clay of treated soil in the order LI>Pp>Cr.
The impact of the plant species treatment on the
polluted soils could also be a reflection of the
assertion that leguminous plant helps in
improving the aggregate sizes of degraded soils,
due to enhanced positive changes in the
physico-chemical conditions [35,36,37].

The post-polluted soil had significant reduction in
particle density than pre-polluted and species
controlled soils, but was significantly restored by
phytoapplication with P. pterocarpum soil
recording a greater PD of 2.61 g/cm® than L.
leucocephala and C. retusa treated pollutions
soils. The decrease in particle density as a result
of pollution corroborates the assertion that oil
usually cause smothering of soil particles [38].
This could be represented in a positive
correlation (r = 0.23; P=0.05) between THC and
Silt, and (r = 0.30; P=0.05) with clay and also
reaffirmed by negative correlation (r = - 0.40;
P=0.05) between PD and Clay.
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Table 2. The influence of waste oil pollution and p  ost-phytoapplication remediation process on the hyd raulic conductivity vis-a-vis some physico-edaphic parameters in tropical
Niger Delta soil

Parameter Pre Post-pollution soil Post — phytoapplication / pollution levels Mean LSD

pollution P. pterocarpum soil L. leucocephala soil C. retusa soil (p<0.05)
75 mil 150 ml 300 ml Pp. 75 mil 150 ml 300 ml Ll. contro 75 ml 150 ml 300 ml Cr. 75 ml 150 ml 300 ml
contro contro

% Sand 79.20 82.40 80.40 82.00 88.00 87.80 88.60  89.60 85.80 88.00 85.20 81.20 88.20 85.00 84.60 89.00 8531 2.85
#£2.49"  +2.19%9 43369  +1.73"  +0.71%° 11.48%° 1+230%* +0.55° +1.10°¢  +0.00%° +1.92°® 12399  10.84%"° +0.71%%" +555%" 1000

% Silt 7.60 6.60 8.20 6.80 6.20 8.20 6.00 6.40 10.00 8.00 10.40 11.00 8.00 9.00 9.40 8.20 813  2.26
297" 120787 +2.49°%" 41 48%" 1286"  +0.84°%" +071" +0.8%9ef  +0.71%°  +0.71"%" +0.89% +1.58%  +1.23°%" 10 00%*® +3.36% +0.84"

% Clay 13.20 11.80 11.40 11.40 5.80 4.00 5.80 2.80 4.60 4.00 5.20 8.20 4.60 6.40 6.60 5.00 6.93  1.66
+0.842 +0.45%®  +0.89°  +0.89° £2.17%" +0.71%  +1.48%" +0.459 +1.82°9 40719  +1.30% 10.84° +1.82°%  1+0.89%  +2.30% +0.71%

PD (g/lcm?® 2.61 2.49 2.49 2.48 2.62 2.66 2.58 2.59 2.62 2.59 2.57 2.54 2.61 2.60 2.56 2.53 257  0.04
+0.03"  +0.039 $0.039 0109  +0.02® 10.04®  +0.02°° 0.01°®  +0.06°®  +0.00™  +0.02°® +0.00%°  +0.01°° 0.01°  0.02°® +0.00°

BD (g/cm®) 1.10 1.20 1.20 1.23 1.09 0.64 0.81 1.05 1.18 0.86 1.11 1.12 1.25 0.82 1.04 1.12 1.07  0.30

+0.07" +0.07%° +0.07%° +0.13%®  +0.03%% +0.49° +0.45de +0.05%° +0.05%°  +0.43°® +0.01%% +0.02%®% +0.04%* 046%  +0.06"¢ +0.01%*
Porosity 46.36®  51.81%% 51819 5040%¢ 5840 75.94° 68.61° 59.46% 5496 66.80°* 56.81°"¢ 5591 52119 846"  59.38"¢ 5573%¢ 5834 10
(%)

HC (ml/s)  18.61 3.74 2.98 4.79 37.22 7.48 5.77 3.93 28.48 5.42 4.33 2.62 33.50 6.73 5.19 3.14 10.87 6.53
+5.97¢ +1.80¢ +1.26%  +6.81¢ +11.93% 360 242  +1.40° +9.03" +£281%  +1.81%  +0.76° +10.73%  +3.24¢ #2189  +0.92¢

THC (mg/  0.00 3.26 4.08 4.56 0.00 1.50 1.75 2.15 0.00 1.09 2.52 3.18 0.00 1.66 1.72 2.66 217 061

0) +0.00¢ +0.08°  +0.45°  +0.25%°  +0.00° +0.21%"  10.16% +0.22% +0.00¢ +0.47%  +0.68°  +1.54° +0.00¢ +0.12%"  +0.14%  10.22"

% OM 1.46 2.40 3.40 3.64 2.08 2.37 2.58 3.00 1.73 2.49 2.61 3.74 1.64 2.41 2.72 3.32 260 0.72

+0.21" +0.34%°9 1065 +0.31°  +0.29°" 1+0.43%9 1+035°° 10637 091"  +061% +0.81°% 1+057°  +0.39%"  +0.49%9 10.48°% 10.86%°

Note: Pp = Peltophorum pterocarpium. LI = Leucaena leucocephala. Cr = Crotolaria retusa .75 ml (0.4%vw) = low pollution, 150 ml (0.8%vw) = medium pollution, 300 (1.5%vw) = high pollution. * Means of five replicates and with the same
superscript letter are not significantly different, using the Duncan’s New Multiple Range Test (DNMRT)



Edwin-Wosu and Nkang; IJPSS, 17(1): 1-13, 2017; Article no.lJPSS.32948

The significant (P=0.05) performance of P.
pterocarpum treatment of pollution soil in the
order Pp>LI>Cr, could be interpreted as a
positive correlation (r = 0.25; P=0.05) between
PD and sand and (r = 0.15; P=0.05) between PD
and silt and reaffirmed by the negative
correlation (r = - 0.42; P=0.05) between THC and
sand, and (r = - 0.24; P=0.05) THC and PD. This
is supported by the Udom et al. [35] and Udom
and Nuja [37] assertion.

There was inverse relationship between the bulk
density and porosity as affected by the waste
(spent) oil pollution. Increase in Bulk density and
51.34% reduction in porosity across the post-
polluted soil was recorded though non-
significantly (P=0.05) higher than pre-polluted
and species controlled soils. This can be
represented in the positive correlation (r = 0.06;
P=0.05) between THC and BD of polluted soil.
The inverse relationship of the soil bulk density
and porosity as attributed to the waste oil filling
the pore spaces and with the hydrophobic portion
causing more compaction and adhesion among
soil aggregates could be contributed by viscosity
and base water sediment of the waste oil (Table
1). Similar increase in bulk density and reduced
porosity as attributed to compaction resulting
from spent oil contaminated soil has been
observed by Kayode et al. [39]; Nwite et al. [40]
and Nwite and Alu [41].

The impact of phytoapplication had recorded
significant reduction in bulk density and
increased porosity with P. pterocarpum treated
soil having grater performance in the order
Pp<Cr<LI in bulk density and a higher porosity in
the order Pp>Cr>LI. The decrease in bulk density
and increased porosity could be attributed to
enhanced root development (Table 4). This
should have caused increase in pore spaces with
greater particle density, as been expressed in a
negative correlation (r = - 0.42; P=0.05) between
THC and sand, and (r = - 0.24; P=0.05) in THC
and PD, and exemplified in the positive
correlation (r = 0.4.; P=0.05) between root
formation and THC of the waste oil polluted soil.
This could be reaffirmed by the fact that plant
root in vegetated soil is known to create pore
spaces, decrease bulk density and increase
hydraulic conductivity of hydrocarbon polluted
soil [42].

The results show organic matter (OM) of the
post-polluted soil to have significantly (P=0.05)
increased (Table 2) across pollution level relative
to pre-pollution and controlled species treated

soils. This increase was attributed to exogenous
source of carbon content in the oil been added to
the in-situ carbon of the soil been exemplified in
the positive correlation (r = 0.40; P=0.05) with
THC (Table 3). Similarly it has been observed
that the release of organic carbon to soil due to
hydrocarbon degradation possibly led to organic
matter accumulation, because organic carbon is
a major component of organic matter [39,43,44].
The impact of phytoapplication had revealed
reduction in OM content across species
treatment soil levels; which could be attributed to
the assertions by Ayotamuno et al. [45] and
Njoku et al. [42] in a course of nutrient absorption
during plant growth and also in course of
hydrocarbon mineralization [46,47].

This could lead to lesser OM accumulation in the
species treated than non species polluted soil.
Peltophorum pterocarpum treated soil had much
lesser OM content of 2.65% though non-
significantly  different  (P=0.05) from L.
leucocephala and C. retusa treated soils in the
order Pp<LI<CI vis-a-vis the aerial accumulation
of the species in the order Pp>Cr>L| (Table 4).
The enhanced performance of P. pterocarpum
could be the contribution of a greater root
development and represented in the positive
correlation (r = 0.31; P=0.05) between the plant
root and OM (Table 3). However, the remediated
soils had greater OM than pre-polluted and
species controlled soils as in a similar assertion
by Njoku et al. [42]. Also organic matter with its
colloidal nature has the ability to bind with sorbed
hydrocarbon molecules thereby increasing its
values.

The total hydrocarbon (THC) content of waste oil
polluted soil was significantly higher than those
of the pre-pollution and species controlled soils.
The THC concentration of soils under
macrophytic treatment were significantly lower
than post-polluted soils which indicated that
phytoremediation can enhance oil attenuation in
which P. pterocarpum among the species had a
greater performance in hydrocarbon reduction in
the order Pp<CI<Ll vis-a-vis increased
bioaccumulation in the order Pp>CI>LIl. The P.
pterocarpum treated oil polluted soil had a
greater removal and reduction of 0.43 mg/g in
THC content of the soil in relation to its high
efficiency (55%) (Table 5) and 34.40
bioaccumulation quotient (Table 6). This
corroborate Merki et al. [48], Wang et al. [49],
Wang et al. [36], Udom and Nuga [37] who have
earlier reported a similar higher degradation and
removal of petroleum hydrocarbon in vegetated



Edwin-Wosu and Nkang; IJPSS, 17(1): 1-13, 2017; Article no.lJPSS.32948

soils than non vegetated bulk soil. The
performance of P. pterocarpum could be
attributed to its extensive root system, which
could be represented in a positive correlation (r =
0.40; P=0.05) between the plant root and THC
content of the soil and also in the activities of the
detoxifying enzyme of the plant [50]. The root
system of plant species are capable of
penetration into impermeable soil, thus it become
desirable for phytoremediation to have plants
that grows with dense ramified fibrous root
system deep down [51].

The lower performance of L. leucocephala and
C. retusa in THC reduction could be attributed to
poor root growth as factor responsible for
hydrocarbon degradation, possibly due to clayey
textured soil and high organic matter content
earlier recorded. This might have caused
increase in the colloidal property of the soil and
with the high negative charges of clay greater
compaction and dense will have strong
adsorption with the hydrocarbon molecules. This

Table 3. Pearson correlation coefficient amongst pa

can be exemplified in a positive correlation
(r = 0.30, P=0.05) between THC and Clay and
(r = 0.40; P=0.05) with OM. Thus making it
difficult for plant root growth, penetration and
desorption of these hydrocarbon molecules as
earlier affirmed by Njoku et al. [42].

The lower reduction of THC in L. leucocephala
and C. retusa treated does not imply lack of
remediation though may  not reduce
concentration of contaminant, as earlier noted by
Siciliano and Germida [52] but can reduce
toxicity of such contaminants. This reduction as
noted by Pivets [53] is such also a mechanism of
phytoremediation hence it is also a technique of
rendering harmful materials harmless under the
synergy of plant and microbes. Also such lower
performance could be due to short duration of
the phytoremediation period considering the
shrub by life form and growth habit of the plant
species which could suggest a longer period of
phytoremediation as earlier affirmed by Wang et
al. [36].

rameters of phytoremediation waste oil

polluted soll
Parameter Sand Silt Clay PD BD HC THC OoM
Sand 1.00
Silt -0.47"° 1.00
Clay -0.77"° -0.15™ 1.00
PD 0.25* 0.15* - 0.40M° 1.00
BD -0.20M° -0.07" 0.30* -0.22"° 1.00
HC -0.17* -0.15" - 0.08* 0.38* 0.15 1.00
THC -0.42"° 0.23"° 0.30* - 0.24* 0.06* - 0.43* 1.00
oM -0.15"° -0.04" 0.19* -0.62"° -0.04"° - 0.47* 0.40* 1.00
Root OM THC
Root 1.00
oM 0.31* 1.00
THC 0.40* 0.36 1.00

*P=0.05, significantly different; NS: non-significantly different

Table 4. Post phytoapplication performance of remed

iation species on the waste oil polluted

soil
Plant species Treatment Species Mean LSD
indices level Peltophorum Leucaena Crotolaria (P=0.05)
pterocarpum leucocephala retusa

Plant root (cm)  Control 73.20+10.04%  69.26+19.81° 34.90+2.97° 59.12 17.83
Low 109.40+2.30°  62.88+0.27" 36.00+1.12° 69.38 2.05
Medium 81.18+6.00% 55.00+24.00° 32.00+0.82° 55.93 19.40
High 36.58+0.81% 30.20+3.90° 23.00+1.12° 29.76 3.29

Plant THC Control 0.00+0.00° 0.00 + 0.00" 0.00+0.00" 0.00 0.00

(mglg) Low 62.26+1.90% 60.38+0.39% 60.47+1.49% 61.04 1.95
Medium 61.55+2.10% 58.03+3.91?% 59.29+1.91? 59.62 3.84
High 57.04+0.64% 57.06+2.59% 58.73+5.34% 57.61 4.75

Plant TOM Control 4.51+0.53% 1.94+0.75° 2.51+0.73° 2.99 0.93
Low 3.86+0.52? 3.62+0.57 2.35+0.78" 3.28 0.87
Medium 3.06+0.20° 2.89+0.76° 2.97+1.20% 2.97 1.14
High 1.85+0.75" 1.75+0.41° 2.97+0.26% 2.19 0.71

Note: Pp = Peltophorum pterocarpium. LI = Leucaena leucocephala. Cr = Crotolaria retusa, * Means of five replicates and with
the same superscript letter are not significantly different, using the Duncan’s New Multiple Range Test (DNMRT)
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ies in the waste oil polluted soil

THC (mg/g) content (mean) remaining in
species treated soils ( Ce) per plant.

Amount of hydrocarbon removed from species
treated soil (q) (mg/g) per plant.

Efficiency of removal of hydrocarbon from
species treated soil per plant (E %)

Species Low Medium High Mean Low Medium High Mean Low Medium High Mean
P. pterocarpum 1.50 1.75 2.15 1.80 0.35 0.47 0.48 0.43 54.00 57.11 52.85 55.00
L. leucocephala 1.09 2.52 3.18 2.26 0.43 0.31 0.28 0.34 66.56 38.24 30.26 45.02
C. retusa 1.66 1.72 2.66 2.01 0.32 0.47 0.38 0.39 49.08 57.84 41.67 49.53
Initial concentration of THC in the polluted soil (Ci) = 3.97 mg/g
Table 6. The phytoremediation potency of the specie s in the waste oil polluted soll
Potency Pre- Post-pollution soil Post — phytoapplication / pollution levels
pollution P. pterocarpum soil L. leucocephala soil C. retusa soil

75 150 300 Mean 75 150 300 Mean 75 150 300 Mean 75 150 300 Mean

mil ml ml mil ml ml mil ml ml mil ml ml
Bioaccumulation - - - - - 4151 35.17 26.53 3440 5540 23.03 1794 3212 36.43 3447 22.08 30.99
Quotient (BQ)
Crusting hazard 7.02 13.04 17.35 20.00 17.00 19.43 2186 32.61 24.63 20.75 16.73 19.48 19.00 1565 17.00 25.15 19.30

risk of sealing
(R %)
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Such impact of hydrocarbon waste (spent) oil
also led to significant decrease in saturated
hydraulic conductivity (HC). The decrease in HC
due to the pollution was attributed to the
influence of THC of the pollutant on the edaphic
(texture, structure, particle density, bulk density,
porosity and organic matter), properties, as
represented in the positive correlation (r = 0.23;
P=0.05) between THC and silt, (r = 0.30; P=0.05)
with clay, (r = 0.23; P=0.05) with BD and (r =
0.40; P=0.05) with OM. This led to compaction
due to the observed clogging of pore spaces,
distortion, blockage of water by air in the pore
spaces while the crust hazard of sealing (Table
5) due to oil deposit on the top soil layer
(hydrophobic layer) prevent water penetration.
This could be amplified in the negative
correlation (r = - 0.15; P=0.05) between HC and
silt, (r = - 0.08; P=0.05) with Clay, (r = - 0.47;
P=0.05) with OM, and (r = - 0.43; P=0.05) with
THC. This corroborates the assertion by
Agbogidi and Enujeke [54], Ezeaku and
Egbemba [44], Nwite and Alu [41] and Udom and
Nuja [37].

Clay soil texture type and organic matter are
known for their influence on contaminant
bioavailability in a phytoremediation process [42].
Such implication also applies in this present
research. The clay was capable of binding
hydrocarbon molecules more than sand and silt
as could be represented in the positive
correlation (r = 0.30; P=0.05) between THC and
clay, negative correlation (r = - 0.42; P=0.05)
between THC and sand and negative correlation
(r=-0.77; P=0.05) between clay and sand and (r
= - 0.15; P=0.05) with silt. This resulted to the
lower bioavailability of the pollutant in the clay
rich soil for remediation. The organic matter
content also improved the binding process in the
soil, leading to strong adsorption and low
bioavailability, as exemplified in the positive
correlation (r = 0.19; P=0.05) between organic
matter and clay and (r = 0.40; P=0.05) between
organic matter and THC content. Such binding
reduces water drainage and improves water
retention ability of soil and bulk density.

Reduced hydraulic conductivity implies how soll
water transmission and less water would be
available for plants roots  physiological
processes. The impact of phytoapplication
showed an enhanced hydraulic conductivity trend
across the various levels of the polluted solil
toward the non pollution status with P.
pterocarpum among other species treated soll
recording a higher conductivity in the order

10

Pp>Cr>LI, though non-significantly different
(P=0.05) (Table 2). This could suggest a longer
period of phytoremediation duration as earlier
affrmed by Wang et al. [36]. The greater
performance of P. pterocarpum in enhancing
hydraulic conductivity could be attributed to its
potency in improving the soil porosity, texture,
structure, particle density and reduction in bulk
density, organic matter and THC content as
reported in this research and the influence of
botanical explants (enzyme) in the rhizosphere
soil [50].

Hence HC is soil structure and texture dependant
and with P. pterocarpum soil having a greater
sandy structure, it was characterized by more
porosity, improved PD as represented in the
positive correlation (r = 0.17; P=0.05) between
HC and sand, (r = 0.38; P=0.05) PD and (r =
0.15; P=0.05) BD in the remediated soil, reduced
BD, lesser clay and silt, lesser OM and THC
content as represented in the negative
correlation (r = - 0.15; P=0.05) between HC and
Silt, (r = - 0.18; P=0.05) Clay, (r = - 0.47; P=0.05)
OM, and (r - 0.43, P=0.05) THC of the
remediated soil and enhanced root formation
could be reasons for enhanced hydraulic
conductivity. This reaffirms the assertion by Horn
et al. [55] who observed a higher HC in a highly
porous, fractured or aggregated and lower in
tightly compacted dense soil. Excess binding of
soil particles together due to clay and organic
matter reduces root penetration and inhibit the
absorption of materials. This possibly causes
lesser HC in L. leucocephala and C. retusa
treated soils.

4. CONCLUSION

From the research it could be deduced that the
application of waste oil has deleterious effect on
the physico-edaphic properties of the soil. The
application of waste increased the grain size of
sand component of soil, increased bulk density,
organic matter, and total hydrocarbon content.
Inversely the waste oil also reduced the clay
and silt component, porosity, and hydraulic
conductivity. It can also be inferred from the
findings of this research that the result of
phytoremediation by P. pterocarpum shows the
potential of simultaneously restoring and
remediating the hydrocarbon waste oil polluted
soil. However, results also imply that longer time
is required for an effective improvement of
physico-edaphic characteristics of the polluted
soil, thus contribute to the degradation of the
waste oil soil.



Edwin-Wosu and Nkang; IJPSS, 17(1): 1-13, 2017; Article no.lJPSS.32948

ACKNOWLEDGEMENTS

The authors thank colleagues and laboratory
staffs that helped with fieldwork and laboratory
analyses during the study. Our appreciation also
goes to the blessed memory of the Late Prof.
Dave Nosa Omakaro for his supervision and

contributions.

The authors also wish to

appreciate Barrister Ezebunwo Nyesom Wike for
his financial support.

COMPETING INTERESTS

Authors have declared

that no competing

interests exist.

REFERENCES

1.

Milena R, Janina G, Aleksandra NS. The
effect of petroleum-derived substances on
the growth and chemical composition of
Vicia faba L. Poland J. Environ. Stud.
2015;24(5):2157-2166.

DOI: 10.15244/pjoes/41378

Sulaiman AA, Dominic BS, Graeme IP.
Effects of hydrocarbon contamination on
soil microbial community and enzyme
activity. Journal of King Saud University -
Science. 2015;27:31-41.

Lale OO, Ezekwe IC, Lale NES. Effect of
spent lubricating oil pollution on some
chemical parameters and the growth of
cowpeas (Vigna unguiculata Walpers).
Resources and Environment. 2014;4(3):
173-179.

DOI: 10.5923/j.re.20140403.06

Amaziah WO, Anele O. Effect of waste
engine oil contamination on geotechnical
properties of clay soil. European
International Journal of Science and
Technology. 2015;4(8):28-38.

Obeta IN, Eze-Uzomaka OJ. Geotechnical
properties of  waste engine oil
contaminated laterites. Nigerian Journal of
Technology. 2013;32(2):203-210.

Abosede EE. Effect of crude oil pollution
on some soil physical properties. Journal
of Agriculture and Veterinary Science.
2013;6(3):14-17.

Anna KIl, Ewa B, Jarostaw L, Agnieszka K,
Piotr W. Influence of oil contamination on
physical and biological properties of forest
soil after chainsaw use. Water Air Soil
Pollut. 2015;226:1-9.

DOI: 10.1007/s11270-015-2649-2

Udonne JD, Onwuma HO. A study of the
effects of waste lubricating oil on the

11

10.

11.

12.

13.

14.

15.

16.

17.

18.

physical / chemical properties of soil and
the possible remedies. Journal of
Petroleum and Gas Engineering.
2014;5(1):9-14.

DOI: 10.5897/JPGE 2013.0163

Eze VC, Onwuakor CE, Orok FE.
Microbiological and physicochemical
characteristics of soil contaminated with
used petroleum products in Umuahia, Abia

State, Nigeria. Journal of Applied &
Environmental Microbiology. 2014;2(6):
281-286.

DOI: 10.12691/jaem-2-6-3

Ja'afar AS, Joshua O, Bunyamin AS.
Effect of used oil contamination and
bagasse ash on some geotechnical
properties of lateritic soil. Leonardo
Electronic Journal of Practices and
Technologies. 2016;28:119-136.
Brakorenko NN, Korotchenko TV. Impact
of petroleum products on soil composition
and physical-chemical properties. Earth
and Environmental Science. 2016;33:1-5.
DOI: 10.1088/1755-1315/33/1/012028
Babalola EA, Olusanya AO. Effects of
sawdust soil amendment on the soil,
growth and yield of Solanum esculentum
Linn. in waste engine oil-polluted soil.
Sciences in Cold and Arid Regions.
2015;7(2):128-136.

Akinwumi 1l, Maiyaki UR, Adubi SA,
Daramola SO, Ekanem BB. Effects of
waste engine oil contamination on the

plasticity, strength and permeability of
lateritic clay. International Journal of
Scientific &  Technology  Research.

2014;3(9):331-335.

Stewarte A, Grimshaw HM, John AP.
Chemical analysis of ecological materials.
Oxford. Blackwell Scientific Publications;
1974.

Song HG, Wang X, Bartha R.
Bioremediation potential of terrestrial fuel
spills. Applied and Environmental
Microbiology. 1990;56(3):652—656.
Akindele SO. Basic experimental design in
agricultural  research, Akure, Federal
Universty of Technology Akure (FUTA)
Press; 1996.

SAS Institute Inc. SAS for Windows
Release 9.1, Canny, United State America,
Statistical Analysis Systems Institute
Incorporated; 2002.

ASTM, Environmental Technology. ASTM
International West Conshohocken PA
Edition. 2002;5.



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Edwin-Wosu and Nkang; IJPSS, 17(1): 1-13, 2017; Article no.lJPSS.32948

API. Recommended practice of oil field
water analysis. American Petroleum
Institute (API-RP-45); 2005.
ASTM. Environmental
American  Society for
Materials. 2004;1&2.
Nelson DW, Somners LE. Total carbon,
organic carbon and organic matter. In: A.C.
Page, (Ed.). Methods of Soil Analysis Part
2, 2" ed. Agron. Monogr. 9. ASA and
SSSA. Madison, WI. 1982;539-379.

APHA. Standard method for examination
of water and waste water. American Public
Health Association. Millennium Edition;
2005.

Black CA. Methods of soil analysis, part 1.
ASA Inc. Publisher, Madison, Wisconsin,
USA. Agronomy. 1965;9:383-390.
Bouyoucos GH. Hydrometer method
improved for making particle size analysis
of soil. Soil Science Agronomy Journal.
1962;53:464—-465.

Harry OB, Nyle CB. The nature of soail
properties.
Available:http:/www.bnl.gov./erd/preconic/f
actsheet/phytoextraction.Pdf

(Accessed on March 10, 2010)

Blake GR, Hartge KH. Bulk density. In:
Klute, A. (Ed.) Method of Soil Analysis,
part 1. Agronomy 9. ASA, Madison. WI.
1986;363-373.

Gradwell MW. The determination of
specific gravities of soil as influenced by
clay-mineral composition. N.Z.J. Science
Technology. 1955;37B:283-289.

Klute A, Dirksen C. Hydraulic conductivity
and diffusivity. Laboratory methods. In: A.
Klute (ed.), Methods of Soil Analysis. Part
1, 2" Ed, ASA- SSSA, Madison, WI.
1986;687-734.

Van der Watt HVH, Claasens AS. Effect of
surface treatment on soil crusting and
infiltration. Soil Technol. 1990;3:241-251.
Walkley A, Black CA. An examination of
the Degtgareff method for determining soil
organic matter and proposed modification
of the chronic Acid titration method. Soil
Science. 1934;37:29-38.

Raghuvanshi SP, Singh R, Kaushik CP.
Kinetic studies of Methylene blue dye bio —
adsorption on Baggase. Applied Ecology
and Environmental Research. 2004;2(2):
35-43.

Badmus MAO, Audu TOK, Anyata BU.
Removal of lead ion from industrial waste
water by activated carbon prepared from
periwinkle shells. Turkish Journal of

technology.
Testing and

12

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Engineering and Environmental Science.
2007;251-263.

Essien OE, John IA. Impact of crude-oil
spillage pollution and chemical remediation
on agricultural soil properties and crop
growth. Jour. Appl. Sci. Environ. Manage.
2010;14(4):147-154.

Jerzy T, David JW, Marek SZ. Can
hydrocarbon contamination influence clay
soil grain size composition? Applied Clay
Science. 2015;109-110:49-54.

Udom BE, Mbagwu JSC, Wilie ES.
Physical properties and maize production
in a spent oil-contaminated  soil
bioremediated with legumes and organic
nutrients. Journal of Tropical Agriculture,
Food, Environment and Extension.
2008;7(1):33-40.

Wang Y, Feng J, Lin Q, Lyu X, Wang X,
Wang G. Effects of crude oil contamination
on soil physical and chemical properties in
Momoge wetland of China. Chinese
Geographical Science. 2013;23(6):708—
715.

DOI: 10.1007/ s11769-013-0641-6

Udom BE, Nuga BO. Biodegradation of
petroleum hydrocarbons in a tropical ultisol
using legume plants and organic manure.
Journal of Agricultural Science.
2015;7(4):174-182.

Townsend GT, Prince RC, Suflita JM.
Anaerobic  oxidation of crude oil
hydrocarbons by the resident
microorganisms of a contaminated anoxic
aquifer. Environmental Science &
Technology. 2003;37(22):5213-5218.

DOI: 10.1021/es0264495

Kayode J, Oyedeji AA, Olowoyo O.
Evaluation of the effect of pollution with
spent lubricant oil on the physical and
chemical properties of soil. Pacific J. Sci.
Tech. 2009;10(1):387-391.

Nwite JN, Mbah CN, Okonkwo CI, Obi ME.
Analysis of the physical conditions of a
contaminated typic haplustult amended
with organic wastes. Int. Res. J. Agric. Sci.
Soil Sci. 2012;1(2):058-063.

Nwite JN, Alu MO. Effect of different levels
of spent engine oil on soil porperties, grain
yield of maize and its heavy metal uptake
in Abakaliki, Southeastern Nigeria. Journal
of Soil Science and Environmental
Management. 2015;5(4):44-51.

Njoku KL, Akinola MO, Oboh BO.
Phytoremediation of crude oil
contaminated soil: The effect of growth of
Glycine max on the physico-chemistry and



43.

44,

45,

46.

47.

48.

Edwin-Wosu and Nkang; IJPSS, 17(1): 1-13, 2017; Article no.lJPSS.32948

crude oil contents of soil. Nature and
Science. 2009;7(12):22-30.

Okolo JC, Amadi EN, Odu CTI. Effects of
soil treatments containing poultry manure
on crude oil degradation in sandy loam
soil. Appl. Ecol. Environ. Res. 2005,3(1):
47-53.

Ezeaku PI, Egbemba BO. Yield of maize
(Manoma spp.) affected by automobile oil
waste and compost manure. African
Journal of Biotechnology. 2014;13(11):
1250-1256.

Ayotamuno MJ, Kogbara RB, Ogaji SOT,
Probert SD. Bioremediation of a crude oil
polluted agricultural soil at Port Harcourt,
Nigeria; 2004.
Available:http://dspace.lib.cranfield.ac.uk/bi
tstream/1826/1189/1/Bio-crud+oil+Nigeria-
Applied+Ecology.pdf

Edwin-Wosu NL, Kinako PDS.
Phytoremediation (series 4): Carbon:
Nitrogen ratio as an index assessment of
macrophytic remediation of a crude oil
polluted terrestrial habitat. Journal of
Nigerian Environmental Society. 2007;4(1):
95-99.

Edwin-Wosu NL. Phytoremediation (Series
5): Organic carbon, matter, phosphorus
and nitrogen trajectories as indices of
assessment in a macrophytic treatment of
hydrocarbon degraded soil environment.
European Journal of Experimental Biology.
2013;3(3):11-17.

Merkl N, Schutze-Kraft R, Infante C.
Phytoremediation in the tropics — influence
of heavy crude oil on root morphology
characteristics of graminoids. Environ.
Pollut. 2005b;138(1):86-91.

49.

50.

51.

52.

53.

54.

55.

Wang XY, Feng J, Zhao JM. Effects of
crude oil residuals on soil chemical
properties in oil sites, Momoge Wetland,
China. Environmental Monitoring and
Assessment. 2010;161(1):271-280.

DOI: 10.1007/s10661-008-0744-1
Edwin-Wosu NL, Ani E Nkang. Evaluation
of enzyme expression in a macrophytic
treated crude oil soil habitat: Implication for
enhanced phytoremediation potential using
transgenic botanicals. Insight Ecology.
2015;4(1):13-23.

DOI: 10.5567/ECOLOGY-IK.2015.13.23
Kuiper 1, Lagendijk EL, Bloemberg GV,
Lugtenberg BJJ. Rhizoremediation: A
beneficial plant-microbe interaction, MPMI.
The American Phytopathological Society.
2004;17:6-15.

Siciliano SD, Germida JJ. Biolog analysis
and fatty acid methyl ester profiles indicate
that Pseudomonas inoculants that promote
phytoremediation alter root associated
microbial community of Bromus
bieberstenii. Soll Biol. Biochem.
1998a;30:1717-1723.

Pivetz BE. Phytoremediation of
contaminated soil and ground water at
hazardous waste sites. Man Tech
Environmental Resources Services
Corporation, Ada, Ok. 2001;36.

Agbogidi OM, Enujeke EC. Effects of spent
motor oil on soil physico-chemical pro-
perties and growth of Arachis hypogea L.
Global of Bio-sci. Biotech. 2012,1(1):7-74.
Horn R, Taubner H, Wuttke M, Baumgartl
T. Soil physical properties related to soil
structure. Soil & Tillage Research.
1994;30:187-216.

© 2017 Edwin-Wosu and Nkang; This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/19719

13



