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ABSTRACT: This study was embarked upon to ascertain the effectiveness of using physical and biological remediation 
procedures to amend the impact of oil pollution on soil engineering properties. Soil contaminated with crude oil at a mix 
ratio of 20:1 (percentage by weight), was remediated with charcoal (C2), charcoal + seaweed extract + groundnut plant 
(C3), and charcoal + wood ash + groundnut plant (C4). During the procedure, the soil’s total petroleum hydrocarbon (TPH) 
level was determined through American Public Health Association (APHA) approved procedures; while the geotechnical 
(maximum dry density “MDD”, optimal moisture content “OMC, and California bearing ratio “CBR”) and electrical properties 
(electrical conductivity “EC”, dielectric constant “ɛʹ, and electrical resistivity “ρ”) were measured in accordance with 
American Society for Testing and Materials (ASTM) and Institute of Electrical and Electronics Engineers (IEEE) approved 
procedures. The results depicted that the TPH, ɛʹ and ρ-values of the contaminated soil samples declined by 56.71%, 
82.01% and 72.80%; 31.65%, 36.85% and 19.92%; and 56.32%, 62.03% and 60.27%, respectively in the C2, C3 and C4 
samples after the remediation program; while the soil EC increased by 103.45%, 145.68% and 135.34% in the C2, C3 
and C4 samples, respectively. Likewise, the C2, C3 and C4 samples CBR, MDD and OMC values increased by 29.49%, 
34.75% and 50.30%; 7.87%, 11.02% and 4.72; and 12.02%, 28.01% and 40.38%, respectively at the end of the 
experimental period. These findings portrayed that hybridized remediation therapies are better remediating techniques in 
remediating contaminated soils; hence sustaining the integrity of the soils’ geotechnical and electrical properties. 
 

Keywords: Crude oil pollution, geotechnical properties, hybridized remediation, soil electrical properties, total petroleum 
hydrocarbon.  
 
 

INTRODUCTION  
 
Crude oil (petroleum) exploration and production has 
played a major role in the Nigerian economy, as it accounts 
for approximately 85% source of Nigeria's export income. 
Despite the numerous benefits of crude, its production 
comes with some environmental hazards, which include oil 
spills and gas flaring (Akpokodje et al., 2019; Onwuka et 
al., 2021). Land pollution caused by frequent crude oil 
spills has become a major problem in most oil-producing 

nations. In Nigeria, crude oil spills are mainly caused by 
the activities of oil thieves; though system failures are 
responsible for an appreciable amount of oil spillage in 
Nigeria (Uguru and Udubra, 2021). Crude oil (petroleum) 
and its derivatives spills affect both the biotic and abiotic 
components of the ecosystems. The vast area of 
mangrove swamps and arable land in Nigeria has been 
devastated due  to  soil  spillage,  causing  serious  environ- 
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mental insecurity (Aniefiok et al., 2018). The environ-
mental hazards associated with oil pollution are dependent 
on the concentration and volume of oil spilled, the 
biochemical and physical properties of the soil/water, the 
presence of natural remediating agent(s), and the 
prevailing environmental conditions (Ogeleka et al., 2017; 
Akpomrere and Uguru, 2020a; Akpoghelie et al., 2021).  

Studies have shown that environmental pollution 
severely affects the soil’s engineering properties (Nazir, 
2011; Hewayde et al., 2019; Guan et al., 2018; Yodrot et 
al., 2023). Soil engineering properties are essential 
parameters to be considered during the building design 
and construction. Obukoeroro and Uguru (2021) in their 
investigation into the installation of electrical wiring 
integrity, reported that soil electrical, geotechnical and 
biochemical properties, greatly determined the type of 
electrical grounding system to be adopted for a particular 
structure. According to the study of Akpomrere and Uguru 
(2020b), crude oil pollution caused significant alterations 
in the soil and vegetation trace metals and physicoche-
mical properties concentrations. Petroleum hydrocarbon 
toxicity results in a decline in the microbiological activities 
of the soil, causing a reduction in vegetative growth and 
humus formation, thus leading to poor aeration and 
infiltration rates (Idisi and Uguru, 2020).    

Petroleum hydrocarbons and heavy metals contamina-
tion have the tendency of causing serious alterations in 
soils’ electrical properties. Tashpolat et al. (2015) in their 
research reported that soil electrical properties are mainly 
controlled by the concentration of metallic ions in the soil, 
and a strong relationship existed between the soil’s salinity 
level and its dialectical parameters. According to Yodrot et 
al. (2023), petroleum contamination results in increment of 
the soil dielectric constant, but a decline in the soil electric 
field intensity. Fakunle et al. (2021) reported in their 
investigation into the electrical properties of oil-polluted 
soils that, the soils' electrical resistance ability tends to 
increase as the oil pollution degree increases. High heavy 
metals presence in the soil affects its dielectric properties, 
as the soil permittivity increases considerably with 
increment in the soil heavy metals concentrations (Dahim 
et al., 2020). Furthermore, Chenaf and Amara (2001) 
investigated the impact of trace metals on the dielectric 
parameters of soil samples and observed that the soil 
dielectric properties increased non-uniformly as the 
contaminant concentration in the samples increased. 

Nazir (2011) reported that petroleum contamination 
could be linked to the substantial decline observed in the 
unconfined compressive strength of fine-grained soil; while 
the soil exhibited a significant increment in its coefficient of 
permeability, as the oil contamination level in the soil 
increases. Similarly, Hasan (2021) and Akpokodje and 
Uguru (2019) stated that the specific gravity, maximum dry 
density and hydraulic conductivity of soil samples declined 
in an uneven pattern in the presence of petroleum 
products. According to the report of Akinwumi et al. (2014),   

 
 
 
 
oil spillage can lead to serious alterations in the soil’s 
plasticity, load-bearing capacity, and settlement rate; 
which can result in structural failure of existing structures. 
Further studies also indicated that oil pollution tends to 
reduce the shear strength, maximum dry density and 
consistency limits of poorly graded soils with silt and clay 
particles (Soltani-Jigheh et al., 2018; Akpokodje et al., 
2022). Recently, there have been several studies on the 
remediation of crude oil contamination soils, to alleviate 
the problems associated with crude oil and derivatives 
pollution (Borah and Yadav, 2017; Gbarakoro et al., 2023). 
These remediation procedures can be achieved through 
the application of organic materials, inorganic materials, or 
hybridization of both organic and inorganic materials.  

The remediation potential of plants is dependent on their 
biochemical properties (Anih et al., 2019; Akpokodje et al., 
2019), which are influenced by the cropping system, crop 
variety and maturation stage (Edafeadhe et al., 2020; 
Rajeev et al., 2022; Beautin et al., 2023). Salimnezhad et 
al. (2021) reported that beneficial microorganisms’ actions 
help to improve (increase) the angle of internal friction and 
cohesion of the petroleum products contaminated soils. 
Amir and Amir (2021) investigated the effects of 
bioremediation on the geotechnical properties of crude oil-
impacted silty clayey soils and reported that the 
remediation helps to increase the soils’ California Bearing 
Ratio (CBR) values and lower their permeability rate when 
compared to the results obtained from the un-remediated 
soil samples. 

Though several studies have been done on the 
remediation of petroleum-contaminated soils (Amir and 
Amir, 2021; Uguru et al., 2022; Gbarakoro et al., 2023), 
related literatures search revealed little information on the 
effect of remediation on the electrical and geotechnical 
properties of contaminated soils samples. Therefore, the 
main aim of this research is to remediate the impact of 
crude oil pollution on the soil’s geotechnical and electrical 
properties, through the hybridization of organic matter 
(charcoal, wood ash and seaweed extract).  
 
 
MATERIALS AND METHODS  
 
Recovered crude oil from an oil spill site in Warri South 
West Local Government Area (LGA) of Delta State, 
Nigeria, was used for this research. The fine-grained soil 
was obtained from the swamp of Isoko North LGA of Delta 
State. The groundnut seeds and seaweed extract were 
procured from a certified agricultural materials shop in 
Delta State and the wood ash and charcoal were obtained 
through the burning of softwood.  
 
 
Sieve analysis  
 
Particle size grading was carried out  on  the  soil  in  accor- 
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Figure 1. The plot of the soil particle size grading. 
 
 
 

dance with ASTM D422 procedures, to ascertain its 
Unified Soil Classification System (USCS) grading. 500 g 
of uncontaminated soil was transferred into a set of 
arranged standard sieves and vibrated for 15 minutes 
using a mechanical sieve shaker. The weight of soil 
retained in each sieve is calculated by subtracting the 
initial sieve weight (W1) from the final sieve weight (W2), as 
shown in Equation 1. 
 
Weight of soil retained =  𝑊2 − 𝑊1     1 
 
The plot of the particle size grading is presented in Figure 
1. The Cu and Cc values coupled with the amount of fines 
in the soil indicate that the soil was poorly graded with clay 
particles.   
 
 
Contamination of the soil sample  
 
The soil was sundried and contaminated with the crude oil 
at a mix ratio of 20:1 (percentage by weight), and was left 
to stabilize for five days. Thereafter, it was filled into 
perforated plastic buckets at the rate of 10 kg per bucket.  
 
 
Remediation plan  
 
The contaminated soil was remediated with charcoal, 
wood ash and seaweed extract, as presented in Groups I 
to IV.   

Group I: Control and was tagged “C1”, 
Group II: Contaminated soil + 1 kg charcoal and was 
tagged “C2” 
Group III: Contaminated soil + 1 kg charcoal + 500 g wood 
ash and was tagged “C3”, and  
Group IV: Contaminated soil + 1 kg charcoal + 100 g 
seaweed extract and was tagged “C4”.  
 
 
Remediation procedures  
 
The wood ash and seaweed extract were thoroughly 
incorporated into the contaminated soil (C3 and C4), with 
1 L of borehole water added to the samples to increase 
their moisture content. All the buckets (C1 – C4) were 
ranged in rows, at the rate of three buckets per row 
(treatment plan) in a shady environment for 10 days. This 
is to allow some of the nutrients to leach from the wood 
ash and seaweed extract into the soil (in the case of C3 
and C4), which will facilitate the bioremediation process.  

On the 10th day, a dried charcoal block was inserted in 
samples C2, C3 and C4 for 6 hours before its removal. 
During this period, the soil samples were moistened with 
distilled water (2 L) to enhance the charcoal adsorption 
capacity. After which 10 groundnut kernels were planted in 
C3 and C4 buckets. The kernels were placed in a prepared 
20 mm stratum of uncontaminated soil on top of each 
contaminated soil. This was done to enhance the 
germination rate of the groundnut kernels and reduce the 
risk   of   hydrocarbon   toxicity   at  the  initial  stage  of the  
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groundnut germination.  

After germination seedlings were thinned to five stands 
per bucket. All the buckets – including the control – were 
kept in a shady environment for a period of ten weeks. 
During the experiment period (10 weeks), each bucket was 
watered with 1 L of water per day, and twice weekly. In the 
case of C2, the charcoal block was inserted into the soil 
once every week for a duration of 3 hours per week. 

At the end of the experiment – in the case of C3 and C4 
- the groundnut plants were carefully uprooted from each 
bucket. The soil remaining in C1, C2, C3 and C4 buckets 
were poured separately into a tray for sun-drying, before 
further laboratory analysis.  
 
 

Laboratory analyses  
 

California bearing ratio (CBR) 
 

The soil samples' CBR values were determined in 
accordance with ASTM D 1883-05 procedures as 
explained by Rasheed et al. (2014). 
 
 

Soil compaction test  
 

The proctor compaction test to determine the maximum 
dry density (MDD) and Optimal Moisture Content (OMC) 
of the samples was done in accordance with ASTM D698 
(2012) guidelines. The MDD of the soil sample was 
calculated by using Equation 2; while the soil’s OMC was 
determined by plotting the MDD values against their 
corresponding moisture content values.  
 

MDD (ρd) =  
𝜌𝑏

100+𝑚
× 100      2 

 

Where: ρb = bulk wet density (kg/m3), and m= moisture 
content (%) 
 
 

Total petroleum hydrocarbon (TPH)  
 

Ten (10) g dried soil sample was poured into a Soxhlet 
apparatus, and the oil was extracted by using hexane as 
the solvent. Then the TPH content in the soil was 
calculated and recorded.   
 
 

Soil electrical conductivity (EC) 
 

The samples' EC values were measured by using an 
electrical conductivity meter (model DDS-11C, 
manufactured in China) in accordance with ASTM D1125 
guidelines, as shown in Figure 2. 
 
 

Electrical resistivity  
 
The soil electrical resistivity (ρ) was determined through 
the modified laboratory procedures  explained  by Igboama  

 
 
 
 

 
 

Figure 2. Determination of the sample’s electrical 
conductivity. 

 
 
 

 
 

Figure 3. Laboratory soil electrical resistance testing layout. 
 
 
 

and Ugwu (2016), with the schematic diagram shown in 
Figure 3.  The electrical resistivity developed by the soil 
samples was calculated with the expressions presented in 
Equations 3 and 4.  
 

𝑅 =  
𝑉

𝐼
            3 

 

𝜌 =  
𝑅𝐴

𝐿
            4 

 
Where R = soil resistance, L = soil’s effective column 
length (length of the tube), A = soil’s effective cross-
sectional area (area of the tube), ΔV = potential difference 
across the circuit, ρ = soil electrical resistivity, I = current, 
and A = Ammeter.  

12 V cell

Δ VA

3ʹʹ diameter PVC pipe (10 cm long)



 

 

 
 
 
 
Dielectric constant 
 
The soil’s dielectric constant was determined according to 
the procedures described by Yodrot et al. (2023), through 
the application of the vector network analyzer, at a 
frequency of 800 MHz. 
 
 
Data evaluation and analysis  
 
All the data obtained in this research were subjected to 
statistical analysis, through the use of tables and charts to 
establish the effect of the oil pollution and remediation, on 
the geotechnical and electrical properties of the soil.  
 
 
RESULTS AND DISCUSSION  
 
Effect of crude oil on the soil 
 
Total Petroleum Hydrocarbon (TPH) 
 
The result of the effect of crude oil pollution on the TPH 
concentration of the uncontaminated soil sample is 
presented in Figure 4.  It was noted that the TPH level in 
the soil increased from 64 to 1206 mg/kg, which signified 
a 1784% increment in the TPH concentration in the virgin 
(uncontaminated soil) after the crude oil impaction. This is 
consistent with the findings of Gbarakoro et al. (2019), 
where a significant increment was observed in soil 
samples after crude oil spillage. The concentration of TPH 
recorded in this study after the pollution was far lower 
when compared to the concentration recorded by Popoola 
and Olanbiwonninu (2019) in soil samples after crude oil 
spillage. This can be attributed to the concentration of 
petroleum products and the soil-to-oil mix ratio used for the 
different by the different authors.  
 
 
Geotechnical properties  
 
The results of the effect of oil pollution on some of the soil‘s 
engineering properties are presented in Table 1. The 
results revealed that the oil contamination significantly 
decreased the soaked CBR value of the uncontaminated 
soil from 7.63 to 4.75% (60% depreciation level). This is 
similar to Akinwumi et al. (2014) which reported the CBR 
of soil samples declined by almost 200% after 
contamination with 10% (by weight of the soil) of crude oil.  
Similarly, Rasheed et al. (2014) in their investigation into 
the impact of petroleum derivatives on the CBR values of 
soil samples reported that 7.5% vehicle oil pollution results 
in 105% deterioration in the soil samples CBR values.   

It was noted that the uncontaminated soil MDD 
deteriorated from 1.46 to 1.27 g/cm3 after the oil pollution. 
This could be linked to the oily component of the  crude oil.  
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According to Zhang et al. (2021), oils have the capacity to 
reduce the compaction and maximum dry density of soil 
samples. Likewise, Oluremi et al. (2015) and Nasehi et al. 
(2016) obtained similar results in their research, as the 
MDD and OMC values of soil samples depreciated 
significantly in the presence of oil pollution. According to 
Rasheed et al. (2014), oils with higher viscosity tend to 
reduce the soil dry density and moisture content at a 
greater rate, when compared to oil with lower viscosity. 
Additionally, the OMC results revealed that the soil OMC 
level decreased from 15.53 to 10.82%. This signifies that 
the oil initiated a 43.53% reduction in the soil OMC after its 
contamination, which is similar to the reports of Rasheed 
et al. (2014) of soils contaminated with diesel and 
kerosene respectively.  
 
 
Electrical properties  
 
Dielectric constant (ɛʹ): The dielectric constant values 
obtained from the uncontaminated and soil contaminated 
with crude oil are presented in Table 2. It was observed 
that the soil’s ɛʹ appreciated from 4.01 to 7.33 after the oil 
spill, which revealed that the crude oil affected the 
physiochemical properties of the soil. This finding is similar 
to the observations made by Ahmadian et al. (2013), which 
stated that oil displaces the soil’s air and water content 
from the soil void; thus, affecting the soil's electrical 
properties. According to Carey and Hayzen (2001), crude 
oil has poor electric dipole and electrical conductivity 
ability; hence its presence in a soil mass tends to increase 
the ɛʹ of the soil. 
 
Electrical conductivity and resistivity: The results of the 
soil electrical conductivity of both the contaminated and 
uncontaminated soils are presented in Table 2. It was 
noted that the electrical conductivity of the soil samples 
was 3.81 and 1.16 ds/m before and after the oil spill 
respectively, which is an indication that the crude oil 
caused 69.55% deterioration in the soil’s electrical 
conductivity. Ebisine et al. (2023) reported similar results 
during their investigation into the impact of petroleum 
derivatives on the electrical properties of soil samples. 
According to Onwuka et al. (2021), oil pollution causes 
serious deterioration in the electrical conductivity of 
different soil types, and the electrical conductivity of soil is 
a function of the oil hydrocarbon concentration.  

Furthermore, Table 2 revealed that the soil resistivity 
increased from 315 to 1417 Ωm after the oil contamination. 
This shows that the oil pollution caused a drastic increment 
in the soil resistance, which results in higher resistivity of 
the affected soil. The values of soil resistivity recorded in 
this study were higher than the values obtained by Odoh 
et al. (2023) for transformer oil-contaminated soils. 
Similarly, Fakunle et al. (2021) reported that the presence 
of  oily  components  of   petroleum   products   in   the   soil  
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Figure 4. The soil samples TPH value before and after contamination. 

 
 

Table 1. Effect of crude oil on soil’s CBR, MDD and OMC. 
 

Soil sample CBR (%) MDD OMC (%) 

Uncontaminated  7.63±0.15 1.46±0.04 15.53±1.73 

Contaminated  4.75±0.12 1.27±0.09 10.82±1.10 
 

Values are mean ± standard deviation. 
 
 
 

Table 2. The samples electrical properties. 
 

Soil sample  Dielectric constant Electrical conductivity (dS/m) Electrical resistivity (Ωm) 

Uncon  4.01±0.04 3.81±0.42 315±2.81 

Con 7.33±0.97 1.16±0.11 1417±9.22 
 

Uncon - Uncontaminated, Con – Contaminated, values are means ± standard deviation. 
 
 
 

significantly increased its resistivity. This could be linked to 
the formation of insulating layers in the soil by the oil, which 
will reduce the conductivity of electrons in the soil.  
 
 
Remediation of the oil-contaminated soil 
 
Total petroleum hydrocarbon 
 
The results of the effect of the remediating agents on the 
TPH concentration of the soil are presented in Figure 5. 
This study’s  findings   revealed  that  after  the  remediation 

program, the TPH content in the soil declined from 1206 
mg/kg to 1194 mg/kg, 522 mg/kg, 217 mg/kg and 328 
mg/kg in C1, C2, C3 and C4 samples, respectively. 
Gbarakoro et al. (2023) reported similar TPH remediation 
in crude oil-impacted soil through the use of biological 
materials. It was observed that the soil treated with the 
hybridization of charcoal and seaweed extract had a better 
remediation result (C3) when compared to the 
contaminated soil amended with the hybridization of 
charcoal and wood ash (C4), or contaminated soil 
remediated with only charcoal block (C2). The highest 
TPH  remediation  efficiency  (82.01%)  recorded in the C3  
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Figure 5. The TPH values of the remediated soils. 
 
 
 

 
 

Figure 6. The soil soaked CBR after the remediation period. 
 
 
 

samples could be attributed to the high nutrient content 
level of the seaweed extract, which will facilitate 
phytoremediation and soil-beneficial microorganisms’ 
activities (Uguru et al., 2022). Also, it was noted that the 
contaminated soil amended with charcoal block (C2) 
showed a remarkable decline (56.72%) in the soil TPH 
value, which can be linked to the high sorption capacity of 
charcoal products (Edokpayi et al., 2018; Uguru et al., 
2022).  

Geotechnical parameters   
 
California bearing ratio: The result of the soil’s soaked 
CBR after the remediation is presented in Figure 6. It can 
be observed from the results that the CBR of the C1, C2, 
C3 and C4 soil samples increased respectively by 8.69%, 
29.49%, 34.75% and 50.30% at the end of the 
experimental period. This is an indication that the 
remediating  agents  have  a  significant  effect  on  the  soil  



 

 

22        J. Engr. Inno. Appl. 
 
 
 

 
 

Figure 7. The soil’s MDD values after the remediation period. 
 
 
 

 
 

Figure 8. The OMC values of the soil samples after remediation. 
 
 
 

CBR.  The high CBR value recorded C4 compared to C2 
and C3, could be attributed to the stabilizing effect of the 
wood ash. According to Abdulwahab et al. (2018), wood 
ash has the potential of increasing the CBR of weak soils; 
as it increased the CBR value of poorly graded soil by 
approximately 47%.  

Maximum dry density and optimal moisture content: 
The soil samples compaction test results after the 
remediation period are presented in Figures 7 and 8. It was 
observed in Figure 7 that after the experimental period, the 
MDD values of the C1, C2, C3 and C4 samples were 1.31, 
1.37,   1.41   and   1.33  g/cm3,    respectively.   Remarkably,  
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Figure 9. The dielectric constant of the remediated and un-remediated soils. 
 
 
 

Figure 8 shows that these OMC values - 11.06%, 12.12%, 
13.85% and 15.19% - were recorded in the C1, C2, C3 and 
C4 soil samples, respectively. The associated increment 
in the OMC for C2, C3 and C4 samples were 
approximately 12.02%, 28.01% and 40.38%, respectively. 
These reflect that the materials used in amending the 
contaminated soil had a remarkable effect on the soil MDD 
and OMC, which is in conformity with observations made 
by Salimnezhad et al. (2021) in their study that, 
bioremediation had a significant effect on the OMC and 
MDD of oil-polluted soils. 

Furthermore, the lowest MDD value recorded in the C1 
sample can be attributed to the high percentage of oil still 
present in the soil, as revealed in Figure 8. Oil viscosity 
and density values are lower than the values attained by 
water; thus, when oil occupies soil pores it lowers the soil 
bulk density and subsequently the soil’s MDD values 
(Mustafa et al., 2018). The lowest MDD and highest OMC 
recorded in the C4 sample could be linked to the activities 
of the wood ash used in remediating the polluted soil. This 
is in conformity with previous observations made by 
Bayshakhi et al. (2018) that wood ash caused a significant 
depreciation of the MDD of several soil samples. Wood 
ash is a physical soil stabilizing agent that tends to 
decrease the soil MDD and increases the soil OMC. 
According to the reports of Abdulwahab et al. (2018), wood 

ash can be used for soil stabilization as it has the potential 
of reducing the soil OMC and MDD, but increasing the soil 
CBR level during the process.  
 
 
Soil’s electrical properties    
 
Dielectric constant: The results of the dielectric constant 
of the soil samples after the experimental period are 
presented in Figure 9. At the completion of the 
experimental period, the dielectric constant values of the 
C1, C2, C3 and C4 soil samples were 6.58, 5.01, 4.63 and 
5.87, respectively, signifying 10.23%, 31.65%, 36.85% 
and 19.92% reduction in the dielectric constant of C1, C2. 
C3 and C4 soil samples respectively. The findings 
revealed that the hybridization of charcoal block and 
seaweed extract (C3) has the highest potential of lowering 
the dielectric constant of the contaminated soil. Likewise, 
the findings depicted that hybridization of charcoal and 
wood ash developed the lowest potential of lowering the 
soil ɛʹ value. 

The high ɛʹ value recorded in the C4 samples could be 
attributed to the presence of the hydroscopic nature of the 
wood ash. Organic materials with hygroscopic properties 
(such as wood ash) have the capacity to increase the soil’s 
water-holding   capacity,   transition    water    content    and  
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Table 3. The samples EC and Electrical Resistivity values after remediation. 
 

Sample code  Electrical conductivity Electrical Resistivity (Ωm) 

C1 1.44a±0.41 1162a±21.2 

C2 2.36b±0.53 619b±13.81 

C3 2.85c±0.69 538c±17.3 

C4 2.73c±0.55 563c±23.1 
 

Columns with the same common letter (superscript) indicated that the means are not significantly different (p 
≤0.05), values are means ± standard deviation. 

 
 
 
electrolyte production (Liu et al., 2013; Fusade et al., 
2019). According to Palta et al. (2022), most organic 
materials tend to increase the soil water and saline 
contents, thereby increasing the soil dielectric properties 
in the process. Similar observations were made by Bircher 
et al. (2016) and Chaudhari (2015) during their 
investigation into the effect of moisture content and humus 
on the dielectric properties of different soil samples. 
 
Electrical conductivity and resistivity: The results of the 
soil’s electrical conductivity and resistivity after the 
remediation program are presented in Table 3. It can be 
seen in Table 3 that the soil’s ability to conduct electrons 
increased significantly after the remediation. The EC of the 
contaminated soil increased by 103.45%, 145.68% and 
135.34% in the polluted soil amended with charcoal, 
charcoal + seaweed extract, and charcoal + wood ash. 
This further affirmed the significance of heterogeneous 
treatment of contaminated soils, as earlier observed by 
Ebisine et al. (2023). Idama et al. (2021) and Paniagua-
López et al. (2023) reported that heterogeneous/combined 
treatment significantly affects the soil's physiochemical 
and biological attributes, and treatment therapies that 
involve organic matters have several advantages over 
therapies that contain inorganic matters. Similarly, Hu et 
al. (2022) reported that bioremediation helps to increase 
the EC of contaminated soil, and is one of the best 
methods of remediating contaminated soils. 

Furthermore, the results depicted that the soil electrical 
resistivity declined non-linearly after the remediation 
(Table 3). The resistivity values recorded in the C2, C3 and 
C4 samples were 619 Ωm, 538 Ωm and 563 Ωm, 
respectively, signifying 56.32%, 62.03% and 60.27% 
reduction in the C2, C3 and C4 samples electrical 
resistivity, respectively. This shows that the remediation 
procedures exhibited a significant effect on the electrical 
resistivity of the contaminated soil. The remarkably lower 
electrical resistivity values recorded in the C3 and C4 
samples can be attributed to the higher TPH remediation 
attributes of these samples and the higher amount of 
organic matter in these two sets of remediated soil 
samples. According to the findings of Carmo et al. (2016), 
organic materials have the capacity to increase the soil’s 
EC, thus reducing the soil's electrical resistivity to an 

appreciable extent. Additionally, Siow et al. (2013) stated 
that organic materials tend to increase the soil moisture 
content, therefore downgrading the soil’s electrical 
resistivity.  

The findings in this study have indicated that biological 
(organic) materials (charcoal, wood ash and seaweed 
extract) are ideal for the restoration of geotechnical and 
electrical properties of petroleum-polluted soils, and better 
results are obtained through hybridization of the organic 
materials. Remarkably, it was observed that the TPH, 
electrical and geotechnical parameters investigated in this 
study “improved’ at the end of the experimental period. 
This could be attributed to the evaporation and natural 
degradation of the volatile components of the crude 
(Akpokodje and Uguru, 2019); hence, reducing the 
concentration and volume of crude oil in the soil, resulting 
in the reduced impact of the oil on the soil engineering 
properties.   

The geotechnical properties evaluated in this study are 
essential for road construction, as the higher a soil’s CBR 
values, the better its suitability for road construction. 
According to the Federal Ministry of Works and Housing 
(FMWH) recommendations, soil having a CBR value lower 
than 5% cannot be used as sub-grade material during road 
construction (FGN, 1997). Likewise, soils with low MDD 
values are susceptible to rapid deterioration under loading, 
thus they are not ideal backfilling and pavement material. 
Although a high dielectric constant is beneficial during 
capacitor production, high values of soil dielectric 
resistivity and dielectric constant are detrimental to the 
electrical grounding system. Soils with high electrical 
resistivity require special treatment during electrical 
earthing, as they can lower the integrity of the earthing 
system, thereby endangering the lives and properties 
within the structure and the immediate environment 
(Obukoeroro and Uguru, 2021). 
 
 
Conclusion  
 
This research was conducted to evaluate the effectiveness 
of combined remediation procedures, in remediating the 
impact of oil spillage on the electrical and geotechnical 
properties  of  soil   samples.  Contaminated   soil   samples  



 

 

 
 
 
 
were remediated through physical (by using charcoal and 
wood ash) and bioremediation (by using groundnut plants 
and seaweed extract) techniques. Findings obtained from 
this study revealed that both remediation techniques 
remediated the negative impacts of crude oil pollution on 
the geotechnical and electrical properties of the 
contaminated soil samples. Remarkably, the results 
depicted that the contaminated soil samples remediated 
with the combination of charcoal, seaweed extract and 
groundnut plant yielded the best remediation potential. 
The information obtained from this study will be helpful in 
planning remediation programs for contaminated soils, to 
sustain the integrity of the geotechnical and electrical 
properties of the soil.  
 
 
CONFLICT OF INTEREST 
 

The authors declare that they have no conflict of interest. 
 
 
REFERENCES  
 
Abdulwahab, R., Ibitoye, B. A., Akinleye, M. T., & Ahmed, N. T. 

(2018). The effects of wood ash on the geotechnical properties 
of lateritic soil. Journal of Research Information in Civil 
Engineering, 15(1), 1986-1995. 

Ahmadian, A., Hasan, S., & Calla, P. N. (2013). Permittivity and 
backscattering coefficient oil-contaminated soil at C Band 
(GHz 5.3). International Journal of Microwave Science and 
Technology, Volume 2013, Article ID 950862, 9 pages. 

Akinwumi, I. I., Diwa, D., & Obianigwe, N. (2014). Effects of crude 
oil contamination on the index properties, strength and 
permeability of lateritic clay. International Journal of Applied 
Sciences and Engineering Research, 3(4), 215-824. 

Akpoghelie, O. J., Igbuku, U. A., & Osharechiren, E. (2021). Oil 
Spill and the Effects on the Niger Delta Vegetation: A Review. 
Nigerian Research Journal of Chemical Sciences, 9(1), 1-12. 

Akpokodje, O. I, Uguru, H., & Esegbuyota, D. (2019). Evaluation 
of phytoremediation potentials of different plants’ varieties in 
petroleum products polluted soil. Global Journal of Earth and 
Environmental Science, 4(3), 41-46. 

Akpokodje, O. I., & Uguru, H. (2019). Bioremediation of 
hydrocarbon contaminated soil: assessment of compost 
manure and organic soap. Transactions on Machine Learning 
and Artificial Intelligence, 7(5), 13-23. 

Akpokodje, O. I., Juwah, H. O., & Uguru, H. (2022). Impacts of 
petroleum spills on geotechnical properties of soils: A review. 
Journal of Engineering Innovations and Applications, 1(1), 1-6  

Akpomrere, O. R., & Uguru, H. (2020a). Potential ecological risk 
of swamps sediments in illegal refineries sites: A Case Study 
of Isoko South, Delta State, Nigeria. Journal of Engineering 
Research and Reports, 16(2), 1-9 

Akpomrere, O. R., & Uguru, H. (2020b). Uptake of heavy metals 
by native plants growing around an abandon crude oil refining 
site in southern Nigeria: A case study of African stargrass. 
Direct Research Journal of Public Health and Environmental 
Technology, 5(2), 19-27. 

Amir, H. K., & Amir, H. (2021). Effect of phytoremediation on 
geotechnical   characteristics   of  oil  contaminated  sands. Soil  

Akwenuke and Asibeluo        25 
 
 
 

and Sediment Contamination: An International Journal, 30(8), 
943-963 

Aniefiok, E. I., Thomas, A. H., Clement, O. O., Ekpedeme, R. A., 
& Iniemem, J. (2018). Petroleum hydrocarbon contamination 
of surface water and groundwater in the Niger Delta Region of 
Nigeria. Journal of Environment Pollution and Human Health, 
6(2), 51-61. 

Anih, C. E., Okewale, A., & Nsidibe-Obong, E. M. (2019). Effect 
of nutrients on bioremediation of crude oil-polluted water. 
American Journal of Environmental Science and Engineering, 
3(1), 1-7. 

ASTM D698 (2012). Standard test methods for laboratory 
compaction characteristics of soil using standard effort. 
Retrieved from https://www.astm.org/d0698-12.html. 

Bayshakhi, D. N., Sarkar, G., Siddiqua, S. Rokunuzzaman, M., & 
Islam, R. (2018). Geotechnical properties of wood ash-based 
composite fine-grained soil. Advances in Civil Engineering, 
Volume 2018, Article ID 9456019, 7 pages. 

Beautin, N. R., Anish, C. I., Danielsam, N., Sanith, S., 
Gobalakrishnan, S., Jaya Rajan, M., Mahmoud, H., Amal, A. 
A., Sami, R., Rada, M., Zewail, Y., Uguru, H., Aljuraide, N. I., 
& Murthy C. (2023). Characterization and dye removal 
application using initiated carbon originated from rubber seed 
shell Biomass. Journal of Biobased Materials and Bioenergy. 
17(2), 153-159. 

Bircher, S., Demontoux, F., Razafindratsima, S., Zakharova, E., 
Drusch, M., Wigneron, J. P., & Kerr, Y. (2016). L-band relative 
permittivity of organic soil surface layers-a new dataset of 
resonant cavity measurements and model evaluation. Remote 
Sensing, 8(12), 1024-1041. 

Borah, D., & Yadav, R. N. S. (2017). Bioremediation of 
petroleum-based contaminants with biosurfactant produced by 
a newly isolated petroleum oil degrading bacterial 
strain. Egyptian Journal of Petroleum, 26(1), 181-188. 

Carey, A. A., & Hayzen, A. J. (2001). Dielectric constant and oil 
analysis. Machinery Lubrication. Retrieved from 
https://www.machinerylubrication.com/Read/226/dielectric-
constant-oil-analysis. 

Carmo, D. L., Lima, L. B., & Silva, C. A. (2016). Soil fertility and 
electrical conductivity affected by organic waste rates and 
nutrient inputs. Revista Brasileira De Ciência Do Solo, 40, 
e0150152-e0150171 

Chaudhari, H. C. (2015). Dielectric properties of soils with organic 
and inorganic matter at j-band microwave frequency. 
International Journal of Remote Sensing & Geoscience, 4(2), 
15-19. 

Chenaf, D., & Amara, N. (2001). Time domain reflectometry for 
the characterization of diesel contaminated soil. In 
Proceedings of the Int. Symp. And Workshop on Time Domain 
Reflectometry for Innovative Geotechnical Application, TDR, 
Evanston, IL, USA. 

Dahim, M., Abuaddous, M., Ismail, R., Al-Mattarneh, H., & 
Jaradat, A. (2020). Using a dielectric capacitance cell to 
determine the dielectric properties of pure sand artificially 
contaminated with Pb, Cd, Fe, and Zn. Applied and 
Environmental Soil Science, Volume 2020, Article ID 8838054, 
10 pages. 

Ebisine, E. E., Okieke, U. J., Oghogho, I., Oyubu, O. A., 
Eyenubo, O. J., & Kevin, A. G. (2023). Measurement and 
analysis of the electrical properties of remediated crude oil 
impacted soil. International Journal of Engineering Science 
Technologies, 7(3), 66-75. 



 

 

26        J. Engr. Inno. Appl. 
 
 
 
Edafeadhe, G. O. I., Agbi, G. G., & Uguru, H. (2020). Effect of 

calcium nitrate application on the structural behavour of okra 
(cv. Kirikou) fibre reinforced epoxy composite. Journal of 
Engineering and Information Technology, 7(2), 69-74. 

Edokpayi, O., Osemwenkhae, O., Ayodele, B. V., Ossai, J., 
Fadilat, S. A., & Ogbeide, S. E. (2018). Batch adsorption study 
of methylene blue in aqueous solution using activated carbons 
from rice husk and coconut shell. Journal of Applied Sciences 
and Environmental Management, 22(5), 631-635. 

Fakunle, M. A., Ibraheem, M. A., Agbaje, W. B., & Abidoye, L. A. 
(2021). Evaluation of petroleum hydrocarbons contamination 
in soils and groundwater using electrical resistivity and 
hydrochemical methods-case study: Ayetoro, Osogbo 
Southwestern Nigeria. Tanzania Journal of Science, 47(2), 
597-608. 

FGN - Federal Ministry of Works and Housing (1997). General 
specification for roads and bridges. Federal Highway 
Department (FMWH), Lagos, Nigeria. 

Fusade, L., Viles, H., Wood, C., & Burns, C. (2019). The effect of 
wood ash on the properties and durability of lime mortar for 
repointing damp historic buildings. Construction and Building 
Materials, 212, 500-513. 

Gbarakoro, T. N., Koshoffa, V. O., & Sikoki, F. D. (2023). 
Assessing Earthworm influence on remediating potentials of 
soil micro-organisms, and bioavailable hydrocarbon pollutant 
in the Niger Delta, Nigeria. Journal of Geoscience and 
Environment Protection, 11(3), 277-292. 

Guan, S., Liu, W., Liu, W., & Nai, C. (2018). Dielectric Properties 
Based Detection of Heavy Metal Contaminated Soil in the 
Frequency Range from 10 MHz to 1 GHz. Soil and Sediment 
Contamination: An International Journal, 27(5), 343-356. 

Hasan, R. A. (2021). Evaluating the impact of light crude oil 
contaminations on geotechnical behaviors of the soil. Anbar 
Journal of Agricultural Sciences, 19(2), 88-102. 

Hewayde, E. Abbas, M., & Kubba, Z. (2019). Influence of engine 
oil on geotechnical properties of cohesive soil. International 
Journal of Engineering Research and Technology, 12(1), 33-
41. 

Hu, W., Cheng, W.C., Wen, S., & Kang, N. (2022). Revealing 
underlying mechanisms affecting electrokinetic remediation of 
an artificially Cu- and Pb-contaminated loess using the 
external regulatory system with adsorbent. Frontiers in 
Materials, 9, 967871 

Idama, O., Uguru, H., & Akpokodje, O. I. (2021). Mechanical 
properties of bell pepper fruits, as related to the development 
of its harvesting robot. Turkish Journal of Agricultural 
Engineering Research, 2(1), 193-205. 

Idisi, J., & Uguru, H. (2020). Petroleum hydrocarbons content in 
the soil and its accumulation in grasses from oil spill site at 
Isoko North LGA of Delta State, Nigeria. Direct Research 
Journal of Agriculture and Food Science, 8(5),144-150. 

Igboama, W. N., & Ugwu, N. U. (2016) Laboratory evaluation of 
the impact of contaminants on soil resistivity and the 
consequent effect on plant’s growth. Journal of Environmental 
Protection, 7, 1802-1809 

Liu, J., Zhao, S., Jiang, L., Chai, L., & Wu, F. (2013). The 
influence of organic matter on soil dielectric constant at 
microwave frequencies (0.5-40 GHZ). IEEE International 
Symposium on Geoscience and Remote Sensing, Pp. 13-16. 

Mustafa, Y. M., Al-Amoudi, O. S., Ahmad, S., & Maslehuddin, M. 
(2018). Geotechnical properties of plastic marl contaminated 
with  diesel.  Arabian   Journal  for   Science    and   Engineering,  

 
 
 
 

43(10), 5573-5583. 
Nasehi, S. A., Uromeihy, A., Nikudel, M. R., & Morsali, A. (2016). 

Influence of gas oil contamination on geotechnical properties 
of fine and coarse-grained soils. Geotechnical and Geological 
Engineering, 34(1), 333-345. 

Nazir, A. K. (2011). Effect of motor oil contamination on 
geotechnical properties of over consolidated clay. Alexandria 
Engineering Journal, 50(4), 331-335. 

Obukoeroro, J., & Uguru, H. (2021). Evaluating the geotechnical 
and electrical properties of soil samples around Delta State 
Polytechnic, Ozoro, Nigeria. Applied Journal of Physical 
Science, 3(1), 21-27 

Odoh, F. E., Asibeluo, U. N., & Akpokodje, O. I. (2023). Electrical 
and geotechnical properties of soils around electrical power 
transformers. International Journal of Advanced Academic 
Research, 4(9), 1-13 

Ogeleka, D. F., Tudararo-Aherobo, L. E. & Okiemen, F. E. 
(2017). Ecological effects of oil spill on water and sediment 
from two riverine communities in Warri, Nigeria. The 
International Journal of Biological and Chemical Sciences, 
11(1), 453-461. 

Oluremi, J. R., Adewuyi, A. P., & Sanni, A. A. (2015). Compaction 
characteristics of oil contaminated residual soil. Journal of 
Engineering Technology, 6(2), 75-87. 

Onwuka, C., Eboatu, A. N., Ajiwe, V. I. E., & Morah, E. J. (2021). 
Pollution studies on soils from crude oil producing areas of 
rivers state, Niger delta region, Nigeria. Open Access Library 
Journal, 8(9), 1-17. 

Palta, P., Kaur, P., & Mann, K. S. (2022). Dielectric behavior of 
soil as a function of frequency, temperature, moisture content 
and soil texture: A deep neural networks based regression 
model. Journal of Microwave Power and Electromagnetic 
Energy, 56(3), 145-167. 

Paniagua-López, M., Aguilar-Garrido, A., Contero-Hurtado, J., 
García-Romera, I., Sierra-Aragón, M., & Romero-Freire, A. 
(2023). Ecotoxicological assessment of polluted soils one year 
after the application of different soil remediation techniques. 
Toxics, 11(4), 298- 311. 

Popoola, B. M., & Olanbiwonninu, A. A. (2019). Biotreatment of 
crude oil contaminated soil. Microbiology Research Journal 
International, 27(4), 1-9. 

Rajeev, R. T., Shukadev, M., Adinath, E. K., Rokayya S., Al-
Mushhin, A. A. M., Mahmoud F. M., Uguru, H., & Mahmoud, H. 
(2022). Effect of Harvesting Stages and Storage Temperature 
on Quality Attributes and Post-Harvest Shelf-Life of Mango 
(Mangifera indica). Journal of Biobased Materials and 
Bioenergy, 16(5), 770-782. 

Rasheed, Z. N., Ahmed, F. R., & Jassim, H. M. (2014). Effect of 
crude oil products on the geotechnical properties of soil. WIT 
Transactions on Ecology and the Environment, 186, 353-361. 

Salimnezhad, A., Soltani-Jigheh, H., & Soorki, A. A. (2021). 
Effects of oil contamination and bioremediation on 
geotechnical properties of highly plastic clayey soil. Journal of 
Rock Mechanics and Geotechnical Engineering, 13(3), 653-
670. 

Siow, C. L., Chandima, G., Zainal, M., & Kadir, A. (2013): 
Electrical earthing in troubled environment. International 
Journal of Electrical Power and Energy Systems. 47,117-128. 

Soltani-Jigheh, H., Molamahmood, H. V., Ebadi, T., & Soorki, A. 
A. (2018). Effect of oil degrading bacteria on geotechnical 
properties of crude oil contaminated sand. Environmental and 
Engineering Geoscience, 24(3), 333-341. 



 

 

 
 
 
 
Tashpolat, N., Ding, J., & Yu, D. (2015). Dielectric properties of 

saline soil based on a modified Dobson Dielectric Model. 
Journal of Arid Land, 7, 696-705. 

Uguru, H. & Udubra, E. A. (2021). Optimizing the bioremediation 
of petroleum hydrocarbons contaminated soil. International 
Journal of Innovative Environmental Studies Research, 9(3), 
47-53. 

Uguru, H., & Obukoeroro, J. (2020). A survey of residential and 
mini-industrial wiring systems in Nigeria: A case study of 
Bayelsa State, Southern Nigeria. Journal of Engineering and 
Information Technology, 7(7),148-154. 

Uguru, H., Akpokodje, O. I., & Donald, A. N. (2022). Using rice 
husks manure and seaweed extract to optimize the 
phytoremediation efficiency of guinea grass (Megathyrsus 
maximus). Journal of Engineering Innovations and 
Applications, 1(1), 7-12. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Akwenuke and Asibeluo        27 
 
 
 
Uguru, H., Akpokodje, O. I., & Esegbuyota, D. (2020). 

Remediation potency of charcoal block and sawdust in 
petroleum products contaminated soil. Trend in Technical & 
Scientific Research, 4(4),107-115. 

Yodrot, T., Santalunai, S., Thongsopa, C., Thosdeekoraphat, T., 
& Santalunai, N. (2023). Measurement of Dielectric Properties 
in Soil Contaminated by Biodiesel-Diesel Blends Based on 
Radio Frequency Heating. Applied Sciences, 13(3), 1248-
1259. 

Zhang, S., Li, R., Bai, W. & Yang, Q. (2021). Effects of oil 
contamination on the physical-mechanical behavior of loess 
and its mechanism analysis. Geofluids, Volume 2021, Article 
ID 3691549, 12 pages. 


