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The study area was known as a flashpoint for crude oil pollution. This study consists of three host communities,
such as Umuechem and Odagwa/Okoroagu, with Umuanyagu serving as a control. Twelve soil samples were
taken from each sampling location, comprising oil-polluted and non-oil-polluted soil, after a reconnaissance
study at varying soil depths of 0-15 cm (surface) and 15-30 cm (subsurface). Total Petroleum Hydrocarbon
(TPH), pH, electrical conductivity (EC), bulk density, salinity, moisture content, sandy soil, clay soil, and silt soil
atomic absorption spectrophotometers, pH meters, and Walkey-black wet oxidation were used to analyze the
contaminated and non-contaminated soils. The outcomes of the three sample locations were compared with
suggested standards.

Method: Evidence of total soil samples collected was 12. TPH, pH, EC, bulk density, salinity, moisture content,
sandy soil, clay soil, and silt soil were analyzed using the descriptive statistics and TPH across the sampled
areas. The statistical mean showed a high variability of the physicochemical properties in the oil-polluted and
non-oil-polluted soils. These high TPH mean values show that Umuechem, 68,530 and 63,602 mg/kg, and
Odagwa/Okoroagu, 38,437 and 24,430 mg/kg, were affected by crude oil spillage compared with Umuanyagu,
315 and 331 mg/kg, without crude oil pollution. Thus, the outcome suggests low soil fertility and decreased plant
development due to altered processes in plants growing on soils contaminated by crude oil, which in turn suggests
low agricultural production and a diminished standard of living in the impacted areas. In order to satisfy the people
and give them the chance to live in a clean environment, it is also recommended that prompt and sustainable
intervention be used to fully reclaim the impacted region (soil).
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our surroundings within and outside. Structures of water
were destroyed, resulting in massive damages of water and
animals (2). It was reported that available farm produce has
been turned into wasteland as a result of weakness of fertility

Introduction

The oil production is still the mainstay of the economy
of Nigeria; it aids power generation, provides foreign

exchange, and serves as a way of providing revenue that
promotes Nigerians’ income. According to (1), the process
of bringing current equipment, especially during production,
transportation, and recycling, as well as the keeping of oil
and gas, human natural feature, has resulted in endangering

of the soil and infections brought about by contaminated
land leading to the destruction of fertility of the soil, land,
water, and gaseous substances are on the increase (3). The
report of the media organization whereby an uprising of
some youths in the oil communities from the various oil-
producing communities who have been treated unfairly by
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multinational companies “collecting gold in their land and
leaving nothing in return” (4).

Rioting youths have killed numerous multinational
company staff, resulting in the loss of volumes of wealth
and putting off production of oil in a red alert (5). By
definition, a crude oil spill is the action of allowing liquid
petroleum hydrocarbon into the environment, which is
caused by human activity, and it’s brought about by pollution.
It results from a lack of inspection programmers, use of
substandard storage facilities, vagaries of weather, natural
disasters, corrosion due to salt water, and equipment failure
(6). The aforementioned activities have impacted at the host
communities negatively. These activities took place due to
crude oil exploration. From the start of crude oil operation
over five decades, governments have not shown any concern
neither the multinational companies doing business in the
host community, to stop the rate of environmental pollution
(7). The recent oil spill that occurred on the 19" of August
2024, at one of the Shell Petroleum Development Company
of Nigeria facilities located at Elelenwo claimed the life of
a young man due to the claim that a transfer was made
into his account from the spill site, according to the news
broadcast by Radio 92.3FM, Port Harcourt, on the 30t of
August, 2024, at which the Shell Petroleum Development
Company of Nigeria refused to make a statement, while the
community demanded that for compensation and remedial
measures commence immediately (8).

The study areas are the Okoroagu, Umuechem, and
Odagwa communities, with over 50 wellheads and 2 flow
stations connected to the Rumukpokwu Maniford terminals
to the Bonny trunk line light crude, which produced one
of the best crude oils in Nigeria that improved the foreign
earnings of the country and at the same time suffered neglect
from the multinationals in terms of taking responsibility
and giving adequate compensation for numerous spills that
occurred years ago (9).

Ogeleka et al. (10) revealed that in Nigeria, the first oil
spillage took place at Araromi in the present Ondo State
in 1978. The extent of the damage was beyond human
comprehension, as the environment, soil, and water were
polluted. Similarly, the second historical incidence of oil spills
in Nigeria waas the Texaco Funiwa No. 5 well blowout, which
took place at the Funiwa field about 9 km offshore in the
Niger Delta, causing the loss of 200,000 barrels of crude
oil in the environment on 17 January, 1980 and causing
massive destruction of large hectares of farmland used by
local farmers, thereby creating unemployment and resulting
in rural or urban movement. Also, water bodies were at
very high risk, resulting in the killing of numerous fishes as
well as the destruction of aquatic organism. Natives of the
area had their livelihood taken away from them, as many
of them were fishermen, and due to the contamination of
the water, they had no drinking water, as it could not be
used for any meaningful purpose (11). Similarly, another
memorable oil spill was the Forcados terminal spill in July

1979, which happened to be the fourth in the history of the
Nigeria petroleum industry, whereby about 570,000 barrels
of crude oil were accepted to have been discharged within 21
days of the blowout causing degradation of soil fertility and
ecosystem, as well as marine organisms (12).

Furthermore, another historical incident of oil spills is the
Abudu pipeline oil spillage of 2"¢ November, 1982, which
gives an interesting case study of a different dimension. In
this particular instance, it was neither an incident involving a
tanker on the high seas nor a blowout (13).

Aigberua and Okere (14) reported that incidents of oil
spills in Nigeria have occurred at an increasing rate. It is a
well-known fact that from our observation 515 oil spills have
occurred since 1994, causing a loss of 30,282 barrels of oil,
while 1991 recorded the greatest volume of oil spilled, which
has been discharged into the environment with a total record
of 106,827 barrels. It is significant to understand that the
level of incidents and the corresponding quantities shown do
not create the real picture of the situation. This is because
Nigeria National Petroleum Cooperation (NNPC) petroleum
inspectorate guidelines on oil spillage reporting have given
companies the privilege to ignore some reoccurrences on
the basis that the quanties taking place were not important.
In a situation whereby the volume of oil spills has been
classified into minor, medium, and major incidents, truly not
all incidents of the offshore waters were accounted for to the
petroleum inspectorate for documentation (15).

Another report on the National Oil Spill Detention and
Regulation Agency (NOSDRA) data for 2020 shows that
Nigeria suffered 327 oil spill incidents. These incidents
resulted in a loss of 17,169.872 barrels of crude oil. In 2023,
data from NOSDRA showed that 108 oil spill cases were
reported between the 1% of November 2022 and February
2023. Later in 2023, data released by NOSDRA showed that
Nigeria recorded 168 incidents of oil spills and this resulted in
the spillage of 5,520 barrels of crude oil into the environment
between January and August 2023.

This incident could have been avoided if proper safety
precautions, such as upgraded safety jackets, had been
taken (16). The Nigerian Extractive Industries Transparency
Initiative (NEITI), according to Izuaka (17), views pipeline
vandalism and crude oil theft as national emergencies.
Between 2009 and 2020, these problems cost the nation
619.7 million barrels of crude oil valued at $46.16 billion,
or N16.25 trillion. This harms the economy and jeopardizes
the exploration and extraction of oil and gas. Between
2017 and 2021, Nigeria experienced 7,143 pipeline breaks
and vandalism. The damage from these events cost $12.74
million, or N4.325 trillion, and destroyed 208.639 million
barrels of crude oil and petroleum products. It costs a lot
to fix and maintain pipelines that have been vandalized
or damaged. Therefore, this research work investigated the
impact of crude oil spills affecting soil physicochemical
properties such as soil pH, moisture content, electrical
conductivity (EC), salinity, soil bulk density, soil texture,
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FIGURE 2 | Destroyed vegetation at odagwa spill site.

and Total Petroleum Hydrocarbon (TPH) in the Umuechem,
Okoroagu, and Odagwa communities (18).

Materials and methods

Study area

The Igbo-Aguru-Asa clan in the Etche Local Government
Area of Rivers State is the study area, with a landmass
consisting of approximately 805.8 km?, comprising three
communities and an elevation of 50 m. Geographically,
it is located within latitude 4.99°N and longitude 7.054°E
(Figure 1).

Etche Local Government has a boundary with Imo State
in the north, while the southern part of Rivers State is
the Obio-Akpor Local Government Area, the eastern part
is Abia State and the western part is the Ikwerre Local
Government Area. The three oil communities are bounded
by seven communities which are Igwuruta in Ikwerre Local
Government Area and Egwi, Abara, Chokocho, Umuanyagu,
Ulakwo, Akwa, and Owaza in Abia State. This study was
approved by the University of Port Harcourt, Nigeria.

Research design

The experimental method was chosen to carry out the
research work. The fieldwork experimental method was done
by taking coordinates at eight different samples each and
four control sample, making a total of twelve soil samples,
respectively. The samples were synthetically selected; eight
represent the samples from oil-producing communities in

Umuechem and Okoroagu/Odagwa, and four samples are
from outside the oil-producing communities in Umuanyagu
(a zone with less environmental pressure and oil activities)
as control samples (Figure 2). Using a Dutch soil auger,
soil samples were taken at two different depths: 0-15 cm
(top layer) and 15-30 cm (second layer) with regard to
distance. Before field sampling, 1-L sampling plastic bottles
were prewashed and sterilized, and the bottles were rinsed
with the source water to be sampled at each sampling
location. After being collected, the samples were carefully
placed in an ice-crested cooler to prevent atmospheric
reaction before laboratory analysis. The physicochemical
properties determined from the soil samples were pH, EC,
TPH, carbon and nitrogen ratio (C/N), bulk density, salinity,
carbonate, bicarbonate, and moisture content, respectively,
tested in the soil samples; all soil samples were collected and
sent to the laboratory for investigation and analysis using
standard methods.

Sample size and sampling technique

The sample size for the study was meticulously chosen
to guarantee robust statistical analysis and dependable
results. According to a report by the International Centre for
Investigative Reporting in 2022, Nigeria’s oil and gas sector
employs 18,712 individuals. Performing comprehensive
surveys that encompass the entire population poses
considerable difficulties. Augmenting the sample size
would enhance the precision of the findings, albeit at the
cost of additional resources and time required for data
collection and analysis. The study utilizes diverse sampling
techniques to guarantee that the sample precisely reflects
the population. Oil and gas companies (Shell Petroleum
Development Company [SPDC]) were selected using a non-
probabilistic method, specifically convenience sampling. The
selection of this method was based on pragmatic factors
such as the ease of access to the facility and the willingness
of the company to participate as well as using geometrical
information system (GIS) to collect the soil samples from
four grade points. The study lasted for 3 months from
June to September.
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Statistical analysis

Data was analyzed using analysis of variance (ANOVA)
and arithmetic mean to evaluate the overall significance by
applying the F-statistic and p-value to assess the strength
of the predictors.

Results and discussions

The results of the study were presented in Figures 3-
10 and Tables 1-3, respectively. A; and A, represent
the Umuechem community, and B; and B, represent
the Odagwa/Okoroagu community, which are the main
oil-bearing communities as were used in the study and
were heavily affected by crude oil spills, while C; and
C, represent the Umuanyagu community, which serves as
the control as shown in Tables 1 and 2, respectively. As
observed in Tables 1 and 2, the mean TPH values from the

Umuechem community are 68,530 and 63,602 mg/kg for
Aj and A, respectively; the Odagwa/Okoroagu communities
are 38,437 and 24,430 mg/kg for By and B,, respectively
which exceeded the target and intervention value set by
the Nigeria Upstream Petroleum Regulatory Commission
(NUPRC) (defunct Department of Petroleum Resource
[DPR]) standard or permissible limit; and the Umuanyagu
community 315 and 331 mg/kg (C; and C;), the control,
fall below the intervention value but above the targeted
value recommended by NUPRC (defunct DPR), as shown
in Table 3. This has proven the fact that the Umuechem
community, as well as the Odagwa/Okoroagu communities,
is heavily contaminated with TPH, so endangering the
soil’s ability to function for the production of crops, as it
hinders the lenticels from absorbing oxygen, which causes
oxygen deprivation, which also causes the crops to wither
and die in large quantities, leaving the soil barren and
unproductive (19).
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FIGURE 3 | Impact of oil spills on sandy soil.
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FIGURE 4 | Impact of oil spills on clay soil.
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FIGURE 5 | Impact of oil spills on silt soil.
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FIGURE 6 | Impact of oil spills on Total Petroleum Hydrocarbon (TPH).
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FIGURE 7 | Impact of oil spills on pH.
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FIGURE 8 | Impact of oil spills on electrical conductivity (EC).
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Salinity
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FIGURE 9 | Impact of oil spills on salinity.
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FIGURE 10 | Impact of oil spills on bulk density.

Total Petroleum Hydrocarbon (TPH) values as seen
from the study area have proven the fact that the
Umuechem community was highly impacted more than
the Odagwa/Okoroagu communities, while the Umuanyagu
community, which served as the control, did not record
any trace of TPH contamination, as shown in Figure 6.
The concentrations of TPH were raised by crude oil spills
to levels that are detrimental to crops and vegetation. This
implies a decrease in crop productivity, which may result
in local food insecurity. Similar circumstances were found
in the study conducted by (13) on the effects of crude oil
spills on farmland in Rivers State’s Gokana Local Government
Area. Additionally, the area’s high TPH levels had an impact
on the nearby flora and fauna, which are crucial to the
biogeochemical cycle that influences the availability of plant
nutrients, both above and below ground (20).

The pH of the oil-impacted soils at both Umuechem
community (5.28 and 5.33 for A; and A, respectively) and
Odagwa/Okoroagu communities (5.83 and 5.69 for B; and
B,, respectively) were significantly lower than the NPURC
(defunct DPR) permissible limits for soil. The presence of
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oil in the soil discourages the leaching of basic salts which
are responsible for the rise in pH of Umuanyagu community
(6.29 and 6.20 for C; and C,, respectively) the control;
resulting to the production of organic acids by microbial
metabolism. The soil has pH values <7 which affect the
solubility of minerals. The soils are highly acidic and are toxic
to plants’ nitrogen fixation and decomposition activities and
hindered the soils of the area (13).

Odagwa/Okoroagu communities pH as an oil-bearing
community recorded higher than the one in the Umuechem
community; this proves that Umuechem soil is more acidic
than Odagwa/Okoroagu soil. The EC, which measures the
ionic concentration, was reported as 96 and 134 for A,
and A,, respectively in the crude oil spilled soils of the
Umuechem community. Odagwa/Okoroagu 58.2 and 64.3
for By and B;, respectively which is significantly higher than
the control soils Umuanyagu. This is since organic substances
such as crude oil are of low EC.

There is higher moisture content in Odagwa/Okoroagu
than in Umuechem soils of the oil-spilled areas. This is as
a result of too little aeration of the soil brought about by
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TABLE 1 | Field work report showing data obtained from the field analysis.

Salinity
(mm

TPH

Moisture pH

Bicarbonate

(%)

Carbonate

(%)

Bulk density
(g/cm?)

Sample Depths (cm) C/N ratio EC
point

Soil samples

(mg/kg)

content (%)

(s/cm)

22

86720
50340
77416
49788

30
26
34
32
5.90
5.76
5.68
5.69
6.35
6.22
6.28
6.12

5.

0.88
0.64
1.24
0.68
1.18
0.76
1.78
0.74
0.17
0.24
0.26
0.18

0.12
0.12
0.18
0.16
0.20
0.16
0.26
0.22
0.02
0.05
0.03
0.04

2.30
1.96
3.68
3.24
0.52
0.50
0.66
0.62
0.15
0.11
0.14
0.12

1.5

1.5

1.88
1.60
2.68
3.88
4.66
5.76
0:36
0.38
0.24
0.22

0-15 9:1 102
90

1

Umuechem

16
34
30

5.

5:1

15-30
0-15

5.

146
122

7:1

As

5.

7:1

15-30
0-15

14

46508
30366
28876

59.8

13:1

Odagwa/Okoroagu Bj

56.6

11:1

15-30
0-15

67.8

11:1
9:1

B,

19984
310
320
328
334

60.8

15-30
0-15

17.4

11:1

Ci

Umuanyagu

15.3

11:1

15-30
0-15

10.7

11:1

C2

11:1 11.5

15-30

TABLE 2 | Effects of oil spill on Umuechem/Nkali soil texture.

Soil sample Sample Depth Sand (%) Clay (%)  Silt (%)
point (cm)
Umuechem  A; 0-15 62 34 10
15-30 60 36 10
Ay 0-15 58 30 18
15-30 56 38 10
Odagwa/ By 0-15 78 24 4
Okoroagu
15-30 70 22 12
B, 0-15 80 18 6
15-30 72 24 10
Umuanyagu C; 0-15 23 11 2.5
15-30 30 14 1
C, 0-15 22 10 2
15-30 28 12 1.5

TABLE 3 | Permissible limit for Nigeria Upstream Petroleum
Regulatory Commission (NUPRC) (defunct Department of Petroleum
Resource [DPR]).

Physicochemical properties Target value Intervention value
TPH 50 mg/kg 5000 mg/kg

pH 6.5-8.5 6.5-8.5

EC 200 pS/cm 1,000 pS/cm

air displacement in the soils, which leads to the reduction
in the rate of evaporation and encourages waterlogging
with lower value in control. This is unconnected with the
values recorded from the sandy, clay, and silt soil, whereby
Odagwa/Okoroagu with higher sand than Umuechem, and
the least is the control, Umuanyagu. However, clay and
silt soil, Umuechem soil, is higher than Odagwa/Okoroagu
and the control. These may be attributed to hydrophobic
hydrocarbons that reduce high moisture content and also
lower microbial activities by obstructing airflow, which
would lower oxygen supply; this results in a breakdown of
soil structure and dispersion of soil particles, which reduces
percolation and retention of water; once more, the soil in
the area develops severe and persistent water repellency after
contamination with crude oil (1, 13).

Similarly, Umuechem soil has higher salinity than
Odagwa/Okoroagu soil, while Odagwa/Okoroagu soil also
has a higher bulk density value than Umuechem soil with
a lower record in control. It should be mentioned that
impacted soils can increase their capacity to hold water,
decrease their bulk density, increase aeration, and stimulate
microbial activity and root penetration. The analysis, as
presented in Table 1, indicates that the mean values are
higher than the allowable limits of the DPR standard for soil
quality intervention values (21).


https://doi.org/10.54646/bijcees.2025.17

Nweke

Conclusion

The TPH levels, pH, EC, moisture content, bulk density, clay
soil, sandy soil, silk soil, and salinity concentration are all
displayed in the test results produced by the soil analysis
of the affected areas. They also demonstrate the degree of
contamination of the soils in comparison to the control
sites. Low soil fertility is typically indicated by this accession,
which suggests low agricultural output and a diminished
source of income in the impacted areas. The results from
the affected locations, as determined by descriptive statistics,
exhibit considerable statistical variability, making corrective
action imperative.

Limitation

The researcher encountered challenge of getting samples
from polluted site. There were issues of taut restriction
from the multinational company operating in the host
communities. Furthermore, lack of adequate funding in
carrying out the tested samples was a setback to cover the
entire contaminated site.
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