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Abstract

This research evaluated the levels of moisture content and organic parameters (organic carbon, organic matter,
THC, PAHSs and TPH) in soils around heavy duty generators which are installed along lwofe-Mile 111 road axis
in Port Harcourt. Soil samples were collected at three different points where heavy duty generators were installed
for the determination of moisture content and some organic parameters. The different parameters investigated
were examined using standard laboratory analytical methods. The average range of values recorded for the
various parameters investigated in the studied stations at the period of study were moisture content;
24.741+0.434 to 27.906+0.647 %, % organic carbon; 4.274+0.085 to 4.644+0.079%, %organic matter;
7.369+0.146 to 8.008+0.135%, total hydrocarbon content; 92.333+4.110 to 125.667+4.110mg/Kg, polycyclic
aromatic hydrocarbons 27.000+2.944 to 37.333+1.247mg/Kg, and total petroleum hydrocarbons; 65.333+1.247
to 88.333+3.300. The levels of the studied parameter in the different stations where the heavy duty generators
are installed were inadequate for soils as required by relevant agencies. The results obtained showed
hydrocarbon pollution and therefore proper control and monitoring is needed where theses heavy duty generators
are installed in order to forestall any danger to the soil that is already degraded and humans that assess the areas
where the generators are kept.
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Introduction

Human actions within the environment have led to increased level of contamination of the soil, such
contamination/pollution has caused remarkable life challenges which portends great danger to the existence of
animals, plants and even human life. Human activities like fertilizer and pesticides application for crop
development, domestic, public and industrial release of wastes, mining, manufacturing of goods and rupture of
storage tanks (Seifi et al., 2010) % has brought about significant changes in the physical and chemical
composition of the soil and other natural environments. Soil contamination help in the blockage of air spaces that
help in the diffusion of gases within the pores of the soil particles (Sutton et al., 2013) %I and also produces
alterations in the physical form of the soil by changing the penetrability and Atterberg limits (Nazir, 2011;
Akunwumi et al., 2014; Devatha et al., 2019) " & 211 Soil organisms and plants growth and development are
affected as a result of alterations in the chemical composition of the soil like pH, total organic carbon/matter and
mineral nutrients (Yalin et al., 2006; Akugugwo et al., 2009; Wang et al., 2010) ['~. 71,

The incessant deficiency of these necessities is unfavourable and results into grave consequences that could lead
to unsuitable soil situations which could ultimately result in poor crop development and growth.

The soil acts as a natural sink and it is fundamental and non-replaceable in nature and also acts as a natural
linkage between other natural components such as the air and water and together complete the environmental
cycle. The interactions that exist between these natural constituents of the environment has facilitated the
provision of the needed requirements of life such as food, water, fuel and support for humans and other living
creatures (DEFRA, 2009). The soil is very vital for human survival and when polluted or contaminated due to
human activities poses serious consequences and very dangerous to the general environment and therefore
invites a considerable of the public. One foremost way through which petroleum hydrocarbons come into the
environment is through human activities, and when these activities are not appropriately monitored, managed or
controlled becomes dangerous to human existence (Edori & Kpee, 2019) 21, Public, agricultural, domestic and
industrial activities release waste into the surroundings such as air, water and soil (Adipah, 2019) B,

Petroleum hydrocarbons are presently the foremost organic pollutant in the soil. The incidence of hydrocarbons
in the soil have harmfully influenced human health, growth and effective running of other creatures within the
soil ecosystem. Soil contamination due to the occurrence of petroleum hydrocarbons has both durable and a
temporary consequences on the quality of the soil and the effective functioning and also the level of food quality
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produced from the soil that has been affected (DEFRA, 2009; USEPA, 2011). The production of energy is
associated with transformation of petroleum products and other chemicals. The process of crude oil exploration
to the time of final consumption can lead to severe environmental pollution that may become irreparable (Daraei
et al., 2013) (81, The diverse chemicals that come from crude oil and its components, when existing in the soil
and any other environment could cause some health challenges such skin colour change, neurological
irregularities, pregnancy related issues in women and pulmonary disease and can pose harm in clean-up workers
(Edori and lyama, 2017; Edori et al., 2022) 27 24],

Pollution effect resulting from petroleum hydrocarbons could take a long-term or a short-term consequence on
the affected environment (Veellu, 1989) %81 human and other creatures that occupy the environment where
pollution occurred. Fallout from petroleum products in the soil could portend serious environmental damages
and pollution that could possibly change the overall ecology of an environment and even affect human life
severely. The consequence of the contamination of the soil by petroleum products has grievous negative
implications since it naturally flows from soil and water to humans (Ahmed & Anm, 2018) [“. The subsequent
result of soil pollution due to petroleum hydrocarbons comprise the decline in the physical, chemical and
biochemical characteristics of the soil, constraint in plants growth, insufficiency of soil oxygen and water,
deficiencies of nutrients base related to the presence of nitrogen and phosphorus in the soil (Ahmed & Anm,
2018; Mohammadi et al., 2020) [,

Pollution or contamination of the soil due to petroleum hydrocarbons could result into an increase in the acidic
content and high concentration of heavy metals within the soil ecosystem (Meindinyo & Agbalabga, 2012;
Ogboi, 2012) %531, The ultimate consequence of such occurrence in the soil is the achievement and initiation of
deviations from the original values thus resulting in undesirable environmental and health consequences. The
availability of such lands for usage turn out to be limited in value because of presence of petroleum
hydrocarbons and so necessitates speedy remediation activities, which if ignored could affect the groundwater
system, rivers and the general ecology, thus resulting into more harm (Nwankwo et al., 2015) B3, Soil
contamination by hydrocarbons have a consequential result on the value of pH by reducing it and utterly affects
agricultural and horticultural crop production by reduction in output (Odu et al., 1985; Ojimba & lyagba, 2012)
152, 541 - Soil contamination/pollution by hydrocarbons introduces diverse compounds into the soil which have
differing chemical properties from the original composition or mixture. The volatile constituents of the
hydrocarbon mixture readily evaporate while the heavier components leach through the soil thereby
contaminating the groundwater (Laskova et al., 2007; Paulauskiene et al., 2009) 1. 51, These pollutants attach to
soil particles and could stay for a long time, and also soil microorganisms may find it difficult to breakdown
other components through the process of degradation (RTI, 1999).

Materials and Methods

Collection and Preparation of Samples

Soil samples were collected along Iwofe-Mile 111 axis of Mile Ill-lwofe Road, Port Harcourt where heavy duty
generators are installed to provide power for street lights. The stations used for the study were Police Station and
Specialist Hospital in lwofe axis and are designated as station 1 and 2 respectively while Station 3 was at Sure
Foundation School in Ada George-Mile 111 axis. Soil samples were randomly collected at the designated point
from 0.00-30cm depth with soil auger. Soil samples collected from each location were mixed together
thoroughly to give a composite sample. The soil samples were put into an already sterilized polythene bag with
the help of a spatula and was taken to the laboratory for pretreatment. A sieve of 2mm size was then used in
homogenizing the soil samples and larger soil particles such as stones were removed. The homogenized samples
were properly labelled and designated in accordance to their origin. Each of the parameters studied were
examined thrice and the mean value recorded.

Moisture content determination

Soil moisture content is an indication of the quantity of water existing in soil. Moisture content was examined
according to the method used by Anderson and Ingram (1993) [l 1g of the pretreated soil sample was placed in a
previously cleaned and dried container of known mass with its cover security in position. The mass of the
crucible and the moist soil was analyzed with a weighing balance model AE163. Afterwards, the cover was
detached and the crucible was placed in oven at a temperature of 110+£5°C for 4h to attain a constant weight of
the soil. The moisture content was then calculated using the expressing:

_ Moist soil-Dry soil

Moisture content % " x 100

Moist soil

Percentage organic carbon and organic matter

The method used by Walkey and Black (1934) [l was adopted in examination of the quantity of organic carbon
in the soil. 2g of the soil sample was weighed and put into a conical flask and a 10ml standard solution of
K2Cr,O7 was then added to the pretreated soil sample. Furthermore, 20ml of concentrated H,SO4 was also added
in order that chloride ions will not affect the process. The prepared soil solution was allowed to settle down for
about 30 minutes interval while stirring occasionally. The content was diluted in a conical flask by the further
addition of about 10ml of distilled water. A ferroin indicator was adopted as an indicator to examine the surplus
K2Cr,0O7 which was titrated with 1,0N standard solution of ferrous sulphate.

The percentage organic carbon in the soil sample was calculated by applying the mathematical expression
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. McK2Cr207 — McFeS04) x 0.003 x 100 x F
% Organic Carbon = ( - ),
weight of soil(g)

Where,

Mc = normality of solution x volume (ml) of solution used

F = correlation factor = 1.33

The percentage organic matter was calculated by applying the formula
% Organic Matter = % organic carbon x 1.724

Preparation of Soil Samples for polycyclic aromatic hydrocarbons Analysis

The method employed by Prycek et al. (2007) 2 was adopted in the preparation and extraction of polycyclic
aromatic hydrocarbons obtained from the soil for examination. 125ml volume of methanol was put into soxhlet
extractor for the extraction of PAHs in the soil samples for 4 hours. A further addition of 250ml of
dichloromethane was made into the already extracted content and then allowed to cool and the process of
extraction was continued for about 24 hours and thereafter dichloromethane was again added. The extracts were
filtered with a separatory funnel of 500ml capacity and was eluted with a 250ml funnel into an already prepared
beaker and was further purified by washing thrice with the aid of 50ml beaker that contain dichloromethane
solvent. The portion extracted was then placed in a rotary evaporator in order that the volume will reduce to 5
cm®. The sample was further purified by putting the extract into a 50ml capacity round bottom flask, and then 15
ml of n-pentane was again added. The sample was further reduced by evaporation to about 2ml with a rotary
evaporator. The n-pentane extract was reduced further with the aid of the evaporator to 0.5ml using nitrogen gas
in order to allow an easy passage through the column that was filled activated silica gel and packed with slurry
for 8 hours at a temperature of 200 °C. Water was removed totally from the extract by allowing the extract to
pass through a column that is dry-packed and formerly cleaned using anhydrous sodium sulphate. Saturated
hydrocarbons were first separated and eluted after the addition of n-pentane and then PAHs were ultimately
eluted after the addition of 14% CH,Cl..

Extraction of soil sample for total petroleum hydrocarbon determination

10g of the soil sample was weighed using an analytical weighing balance after which it was put in an amber
bottle. The soil sample was strongly agitated when 5g anhydrous sodium sulphate (Na,SO4) was added into an
amber glass bottle that contains the soil sample for the particles to mix together effectively. Anhydrous sodium
sulphate was added so that the moisture content of soil sample will be reduced. After thorough mixing of the soil
sample, 30ml dichloromethane was added as an extraction solvent. The amber bottle was closed tightly after the
addition of 30ml dichloromethane and was then taken to a mechanical shaker. The sample was agitated at room
temperature and kept to settle down for an interval of 1hr. The agitated soil sample was filtered and put into a
hitherto washed beaker which has a board with a 110mm filter paper. The filtered soil sample was finally
concentrated to 1ml by evaporation (LAWI, 2011).

Sample Clean Up

The sample was properly cleaned up by thoroughly washing and preparing the chromatographic column through
the introduction of glass-wool into an already washed chromatographic column. At that point silica gel was put
into a beaker that was previously cleaned by adding slurry into the chromatographic column. Anhydrous sodium
sulphate was added into the column and then n-pentane was added afterwards. Cyclohexane was mixed with the
concentrated sample in a beaker that has been pre-cleaned and was then added into the chromatographic column
which was already prepared. The sample was collected using a beaker placed at the bottom of the column once it
has been eluted with n-pentane. A further elution of the sample was done by adding more n-pentane,
subsequently the column was then washed with dichloromethane. The sample that was eluted was kept in a
steady cupboard and allowed to evaporate at room temperature (LAWI, 2011).

Gas chromatography-mass spectrometry conditions
The procedure of Prycek et al. (2007) 2 was used this investigation. The Agilent 6890N chromatograph model

gas chromatography-mass spectrophotometer, with serial No. US 10530055 (Agilent Technologies Avondale,
USA) was employed in the analysis of the polycyclic aromatic hydrocarbons in the soil samples. The equipment
was connected to a mass detector model 5975 series MSD, Agilent, Avondale, USA. The separation of PAHs
was achieved by use of a 5% phenyl-methylsilicone (DB-5MS) phase merged together with a fused-silica tube
column that has dimensions 30 m X 250 um ID and a film thickness of 0.25 pm. The tube column was
designated with part number 19019J_413 and operated within a temperature range of -60 to 350 °C. The injector
port was operated in splitless mode. The oven was kept at a temperature of 65 °C for one minute and was
increased to 290 °C at a stable rate of 10 °C/min and was then steadily kept at 290 °C for a period of 11 minutes.
The line through which the extract passes was kept at 300°C. The prepared stock solution was used in
determining the retention time for the PAHs analyte. The peaks obtained from the scan mode were used in the
identification and quantification of the ion peaks and also to designate the PAHSs in the samples. Helium was the
carrier gas used and was supported by nitrogen gas for the gas chromatography analysis. The system was kept
and operated using a pressure of 9.0855 Psi at a flow rate of 37.604 cm/sec.
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Sample separation and detection of total petroleum hydrocarbons

Gas chromatography-flame ionization detector (GC-FID) Agilent 5890 model was employed in the detection of
the levels of total petroleum hydrocarbons in the studied soil samples at the various locations (Cortes et al.,
2012) 1181, The syringe was first cleaned by the injection of 3ml of the concentrated sample via the vial of the gas
chromatography and afterward the blank dichloromethane was then injected into micro-syringe of gas
chromatography for the detection of blank sample. The micro-syringe was cleaned thoroughly before it was used
for the determination of the samples. The cleaning of micro-syringe was done thrice. The sample was initially
used in rinsing the micro-syringe when it has been properly washed and after which it was injected into the vial
of the gas chromatography for the total separation of total petroleum hydrocarbons in the sample. The amount of
total hydrocarbon level determined at any particular chromatogram was measured in mg/Kg for that particular
soil sample.

Results and Discussion

The results obtained for the parameters studied (% moisture content, % total organic carbon, % total organic
matter, total hydrocarbon content, polycyclic aromatic hydrocarbon and total petroleum hydrocarbon during the
period of study in the different stations where heavy duty generators are installed for traffic light-up are given in
Tables 1 to 3 while the mean concentrations within the stations are given in Table 4.

Table 1: Concentrations of moisture content and organic parameters of soils around heavy duty generators in June

Parameters Stations
1 2 3

% Moisture content 24.132 27.069 25.012

% Total Organic Carbon 4.250 4.540 4.350

% Total Organic Matter 7.330 7.830 7.500
Total hydrocarbon content (mg/Kg) 125.000 93.000 115.000
Polycyclic aromatic hydrocarbon (mg/Kg) 36.000 28.000 32.000
Total petroleum hydrocarbon (mg/Kg) 89.000 65.000 83.000

Table 2: Concentrations of moisture content and organic parameters of soils around heavy duty generators in July

Parameters Stations
1 2 3

% Moisture content 25.109 28.004 25.989

% Total Organic Carbon 4.388 4,731 4.520

% Total Organic Matter 7.565 8.156 7.806
Total hydrocarbon content (mg/Kg) 131.000 97.000 119.000
Polycyclic aromatic hydrocarbon (mg/Kg) 39.000 30.000 34.000
Total petroleum hydrocarbon (mg/Kg) 92.000 67.000 85.000

Table 3: Concentrations of moisture content and organic parameters of soils around heavy duty generators in

August
Parameters Stations
1 2 3

% Moisture content 24.983 28.645 25.288

% Total Organic Carbon 4.184 4.662 4.290

% Total Organic Matter 7.213 8.037 7.396
Total hydrocarbon content (mg/Kg) 121.000 87.000 112.000
Polycyclic aromatic hydrocarbon (mg/Kg) 37.000 23.000 33.000
Total petroleum hydrocarbon (mg/Kg) 84.000 64.000 79.000

Table 4: Mean Concentrations of moisture content and organic parameters of soils around heavy duty generators
during the period of study

Stations
Parameters 1 > 3

% Moisture content 24.741+0.434 27.906+0.647 25.430+0.411

% Total Organic Carbon 4.274+0.085 4.644+0.079 4.387+0.097

% Total Organic Matter 7.369+0.146 8.008+0.135 7.567+0.174
Total hydrocarbon content (mg/Kg) 125.667+4.110 | 92.333+4.110 115.333+2.867
Polycyclic aromatic hydrocarbon (mg/Kg) 37.333+1.247 27.000+2.944 33.000+0.816
Total petroleum hydrocarbon (mg/Kg) 88.333+3.300 65.333+1.247 82.333+2.494

1. Moisture content

The moisture content of the studied environments recorded in Tables 1-3 varied from 24.132 to 28.645% within
the months of study in the different stations investigated with a mean range of 24.741+0.434 to 27.906+0.64+%
in Tables 4. The percentage moisture content obtained in this work was higher than that which was reported in
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different abattoirs in Port Harcourt by Edori and lyama (2017) 1 which ranged from 16.66+1.73 to
21.07+£2.05%. The quantity of water retained in the soil is a direct function of the soil type and the area studied.
Clay soil retain high quantity of moisture while sandy soil allows water to drain through it easily thereby
retaining low moisture (Edori & lyama, 2017) 271, The ability of soil to hold high concentration of organic matter
lies in its capacity to retain water over a long period and also take longer time for such soil sample to dry. The
high content of moisture in the soil observed was due to the displacement of available air in the soil, hence low
availability of soil oxygen which ultimately will result into reduction in microbial activities (Osuji & Nwoye,
2007).

2. Percentage Total Organic Carbon and Soil Organic Matter

The results obtained from Tables 1-3 showed that percentage total organic carbon varied from 4.184 to 4.731%
within the months of study in the different stations investigated with a mean range of 4.274+0.085 to
4.664+0.079% in Table 4. The results recorded for percentage organic matter varied from 7.213 to 8.156%
within the months of study in the different stations investigated with a mean range of 7.369+0.146 to
8.008+0.135% in Table 4. The recorded values for total organic carbon in this work was lower than that recorded
in the work of Edori et al. (2022) 4 in different dumpsites in Port Harcourt which was in the range of 6.12 to
7.44% with a mean range of f 6.75+0.45 to 6.82+0.51%, and that which was recorded in abattoir in Port Harcourt
by Edori and lyama (2017) 21 with values that ranged from 12.69 to 16.97%. The recorded values of percentage
organic carbon obtained in this investigation was within the same range or above that recorded in the work of
Olayinka et al. (2017) % with a mean value of 4.80+2.65% at a depth of 0-5cm and 2.40+0.29% at a depth of
10-15cm. The recorded results in the work of Abdulhamid et al. (2015) ™ was in the range of 0.95-2.25% was
below that obtained in this present work. The values recorded for percentage organic carbon in this research was
below that appropriate for organic soil which ranged from 12-18%.

The values obtained for percentage organic matter in this work was above that reported by Abdulhamid et al.
(2015) ™M that ranged from 1.63-3.87% and that recorded by Fomenky et al., (2018) which ranged from 0.81 to
3.53% and also that recorded in the work of Martinez-Mera et al. (2019) 14 that was in the range of 2.90-6.45%
in Colombia where it is used for irrigation. Total organic carbon and total organic matter are useful tools and
guides in understanding the degree of existence of organic matter in the soil and also show the degree of soil
fertility, moisture level and level of the soil development, usefulness and appropriateness for agricultural usage
(Edori & lyama, 2017) 121, Soil organic matter is a sink and also the major source of soil organic carbon and its
content differ from place to place (Perie & Quimet, 2008; Abdulhamid et al., 2015) 58 1, A resultant increase in
soil organic matter increases the possibility of the soil to hold much water, it also affect the actual soil structure,
the rate at which air and water permeates, biological activities and also add to the general nutrients of the soil.
Soil organic matter shows the level of cation exchange capacity of the soil (Horworth, 2005) ¥, The level of
organic carbon and organic matter recorded in this work was as a result of the heavy duty generators installed
close to drainage points along the roads and hence the oily materials are easily washed into the drains by rain.
This observation is similar to that observed by Edori et al. (2022) 4 in dumpsites which were situated near
drainage points and hence low organic matter content.

3. Total hydrocarbon content

The results obtained from Tables 1-3 showed that total hydrocarbon content varied from 87.000 to 131.000
mg/Kg within the months of study in the different stations investigated with a mean range of 92.3331+4.110 to
125.667+4.110 mg/Kg in Table 4. The values observed for total hydrocarbon content in this work was higher
than that obtained in the work of Edori and lyama (2017) 71 in selected abattoirs in Port Harcourt which ranged
from 11.85+0.48 to 27.12+0.48 mg/Kg but was far lower than that which was recorded by lyama and Edori
(2021) from selected universities in Port Harcourt where heavy duty generators are installed. Environmental
regulation authorities put guidelines to levels of total hydrocarbon content in soil as 100mg/Kg, 200mg/Kg and
1000mg/Kg for normal, sensitive and alert values (Dumitru & Vladimirescu, 2017) ?2, The results obtained in
this research indicated that the values recorded were at the level of normal values for soils. The contamination of
the soil by total hydrocarbon content could lead to toxic effects on humans and other environmental receptors
that come in regular contact with it (Edori and lyama, 2017) 2. The occurrence of total hydrocarbon content
could also be as a result of transportation, spillages and disposal from other sources (Britto & Kronzucker, 2005)
1131, This assertion is true to the fact that these heavy duty generators are installed just by the sides of the roads or
streets.

4. Polycyclic aromatic hydrocarbons

The results obtained from Tables 1-3 showed that polycyclic aromatic hydrocarbons varied from 23.000 to
39.000 mg/Kg within the months of study in the different stations investigated with a mean range of
37.333+1.247 to 27.000+2.944 mg/Kg in Table 4. The observed values in this work were above the required 10
mg/Kg for recreational land use suggested by the Italian legislation (Guarino et al., 2019) B3 The results
obtained in this work for polycyclic aromatic hydrocarbons (PAHSs) was higher that the concentrations obtained
in soil samples collected from power generating houses in three universities in Port Harcourt by Edori et al.
(2022) 241 which range from 16.53 to 18.18 mg/Kg and also that recorded in an urban and natural forest soils in
the Atlantic Forest, (Sdo Paulo State), Brazil (Bourotte et al., 2009). The total concentrations of PAHSs recorded
in this work was below that recorded in soils in Lagos, Nigeria (Fatunsin et al., 2019) %, and that obtained at
contaminated stations in Hisar, India (Bishnoi et al., 2009) 3, The recorded concentrations of PAHs in the
studied soils at the various locations could be due to the regularity of the discharge sources and contributions due
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to the duration period that the generators have been in use. This observation is in agreement with that observed
by Holoubek et al. (2009) 34 and Edori et al. (2022) 4. The concentrations of PAHs from the studied stations
were lower than expected due to the fact that emissions from the generators were associated basically with the
nature of the discharged emissions, atmospheric transport and the land cover (Nam et al., 2008; Edori et al.,
2022) 6 241 Environmental contamination by PAHs have diverse health challenges on both humans and the
environment, which lies on the level of contact, dosage and the pathway of exposure (Ekpete et al., 2019) 2],
Although, the effects might not be noticed on the workers now, both the chances of being affected later may be
there. The effect of PAHSs can be promoted and enhanced by the health conditions and the age of the workers that
take charge of the daily operation and maintenance of these heavy duty engines, which was also reported in the
work of Adedosu and Adeniyi (2015) @ and Edori and lyama, (2019) 251, The utmost outstanding and notable
effects of PAHs are linked to their carcinogenicity and teratogenicity, inducing of dioxin-like activity and weak
estrogenic reaction (Villeneuve et al., 2002, Nwineewii and Marcus, 2015) “8. The concentrations PAHs
recorded in this study basically come from the partial combustion of diesel, spilled diesel during top up or
refueling of the generators, precipitation by rain of discharged fumes, engine oil and petrol used in maintenance
and servicing of the generators. This observed fact is corroborated in the work of Edori et al. (2022) 24 and also
that of Korosi et al. (2013) ¥ who observed that the presence of PAHSs in soils was mainly due to fume waste
and dumps within a particular location. The presence of PAHSs in the soil lead to the contamination of ground
water by percolation through the soil profile and also affect the surface water during rainfall whereby it is being
drained into water bodies (Al-Delaimy et al., 2014) 7],

5. Total petroleum hydrocarbon

The results obtained from Tables 1-3 showed that total petroleum hydrocarbons varied from 64.000 to 89.000
mg/Kg within the months of study in the different stations investigated with a mean range of 65.333+1.247 to
88.333+3.300 mg/Kg in Table 4. The recorded values of total petroleum hydrocarbons recorded in this
investigation were higher than the permissible level in soil by the Department of Petroleum Resources (DPR),
(2019) of 50mg/Kg. The level of occurrence of total petroleum hydrocarbons in the studied soils samples from
the stations where heavy duty generators are installed along the Iwofe-Mile 111 axis of Port Harcourt were far
lower than that reported by Edori et al. (2020) 23 in three universities in Port Harcourt were heavy duty
generators are installed to provide power for the institutions that ranged from 953.14203 to 1475.56904mg/Kag.
The results recorded were also far lower than that reported by Alinnor, et al. (2014) in soils contaminated with
total petroleum hydrocarbons with values recorded as 519952, 2341, and 1116.96mg/Kg within 0.00-2.0m depth
range and also that which was reported in the work of Ibezue (2013) on soil collected in Gokana, Rivers State
with total petroleum hydrocarbon level of 13949.42 and 8279.35mg/Kg. Human activities were majorly
responsible for the level of total petroleum hydrocarbons observed in this work, for such level of hydrocarbon
contamination could not be made possible through natural occurrence (Birke, 2007; Edori et al., 2020). The level
of total petroleum hydrocarbons contamination is a global instrument applied in instituting soil clean-up
measures as required by regulatory bodies (PMS, 2005; VROM (2012)). The recorded values in this research
showed that total petroleum hydrocarbons levels in the study at this stage were little above the recommended
level by the national body in charge of hydrocarbon regulation in the soil Pinedo et al., 2010). The recorded data
from this investigation could help in the monitoring of petroleum hydrocarbon contamination of the soils were
these heavy duty generators are installed in order to prevent possible pollution of the environment concerned.
This agreed with what was observed and reported by Makadia, et al. (2011) 2 and Pinedo, et al. (2013) [¢%],

Conclusion

The results obtained in this research revealed that the moisture content, percentage organic carbon, percentage
organic matter, total hydrocarbon content, polycyclic aromatic hydrocarbons and total petroleum hydrocarbons
in the soils where the heavy duty generators were installed have been affected and compromised as a result of the
operation of the heavy duty generators

The operation of the heavy duty generators and other anthropogenic activities such as transportation,
precipitation from rain and other sources could have led to the level of degradation observed in the soils within
the locations investigated. This has brought about the lowering of soil quality within the area investigated and
created some level of soil pollution within the immediate soil environment studied.

The occurrence of these environmental markers within the stations where the heavy duty generators are installed
have negative consequences on the soil, soil organisms and even on humans. It also has direct negative
consequences on humans that come in contact with the soil due to operation of the heavy duty generators. The
occurrence of these pollution indicators or pointers have also led to the degradation and deterioration of the soil
and its immediate environments and has brought about environmental imbalance to the terrestrial ecology of the
area investigated.

References

1. Abdulhamid Z, Agbaji EB, Gimba CE, Agbaji AS. Physicochemical parameters and heavy metals content of
soil samples from farms in Minna. International Letters of Chemistry, Physics and Astronomy,2015:58:154-
163.

2. Adedosu TA, Adeniyi OK, Adedosu HO. Distribution, sources and toxicity potentials of polycyclic aromatic
hydrocarbons in soil around the vicinity of Balogun-birro Dumpsite of Oshogbo, Nigeria. Malaysian Journal
of Analytical Sciences,2015:19(3):636-648.

69



International Journal of Chemical Science www.chemicaljournals.com

10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

Adipah S. Introduction of petroleum hydrocarbons contaminants and its human effects. Journal of
Environmental Science and Public Health,2019:3(1):1-9.

Ahmed F, Anm F. A review on environmental contamination of petroleum hydrocarbons and its
biodegradation. International Journal of Environmental Science and Natural Resources,2018:11(3):63-69.
Akubugwo EI, Chinyere GC, Ogbuji GC, Ugbuagu EA. Physicochemical property of enzyme activity in a
refined oil contaminated soil in Isuikwato L. G. A., Abia State, Nigeria. Society and Environmental
Biology,2009:2:79-84.

Akunwumi II, Diwa D, Obianigwe N. Effects of crude oil contamination on the index properties, strength
and permeability of laterite clay. International Journal of Applied Science and Engineering
Research,2014:3:816-824.

Al-Delaimy WK, Larsen WC, Pezzoli K. Differences in health symptoms among residents living near illegal
dumpsites in Los Laurels Canyin, Tijuanan Mexico: A cross sectional survey. International Journal of
Environmental Research and Public Health,2014:11(9):9532-9552.

Alinnor 1J, Ogukwe CE, Nwagbo NC. Characteristic level of total petroleum hydrocarbon in soil and
groundwater of oil impacted area in the Niger Delta Region, Nigeria. Journal of Environmental and Earth
Sciences,2014:4(23):188-194.

Anderson JM, Ingram JSI. Tropical Soil Biology and Fertility: A handbook of methods. 2nd edition. CAB
International, Wallingford, 1993.

Birke M. Joint interpretation using statistical methods In: Lange G and Knodel K (Edi.): Springer, Berlin,
2007.

Bishnoi K, Sain U, Kumar R, Singh R, Bishnoi NR. Distribution and biodegradation of polycyclic aromatic
hydrocarbons in contaminated sites of Hisar (India). Indian Journal of Experimental Biology,2009:47:210-
217.

Bourotte C, Forti MC, Lucas Y, Melfi AJ. Comparison of Polycyclic Aromatic Hydrocarbon (PAHS)
concentrations in urban and natural forest soils in the Atlantic Forest (S0 Paulo State). Annals of the
Brazilian Academy of Sciences,2009:81(1):127-136.

Britto DT, Kronzucker HJ. Nitrogen acquisition, PEP carboxylase, and cellular pH homeostasis: new views
on old paradigms. Plant Cell and Environment,2005:28:1396-1409.

Chaudhari KG. Studies of physicochemical parameters of different soil samples. Archives of Applied
Science Research,2013:5(6):72-73.

Chesworth. Encyclopedia of Soil Science. Springer, Dordrecht, Nertherland, 2008.

Cortes JE, Suspes A, Roa S, Gonzalez C, Castro HE. Total petroleum hydrocarbons by gas chromatography
in Colombian waters and soils. American Journal of Environmental Science,2012:8(4):396-402.

Dandwate SC. Analysis of soil samples for its physicochemical parameters from Sangamner city. GSC
Biological and Pharmaceutical Sciences,2020:12(02):123-128.

Daraei H, Mittal A, Noorisepehr B, Daraei F. Kinetic and equilibrium studies of adsorptive removal of
phenol onto eggshell waste. Environmental Science and Pollution Research,2013:20:4603-4611.

De Alba S, Torri D, Borselli I, Lindstrom M. Degradacion del suelo y mocy cacion de los paisajes agricolas
por erosion mecanica (tillage erosion). Journal of Soil Science,2003:10(3):93-101.

Department for Environment, Food and Rural Affairs (DEFRA). Soil strategy for England supporting
evidence paper, 2009.

Devatha CP, Vishal VA, Rao JPC. Investigation of physical and chemical characteristics on soil due to
crude oil contamination and its remediation. Applied Water Science,2019:9:89:1-10.

Dumitru M, Vladimirescu A. Loads limits values of soils with petroleum hydrocarbons 19" EGU General
Assembly, EGU2017, proceedings from the conference held 23-28 April, 2017 in Vienna, Austria, 2017,
12351.

Edori ES, Edori OS, Wodi CT. Assessment of Total Petroleum Hydrocarbons Content of Soils Within Estate
and Works Departments of Three Universities in Port Harcourt Housing Heavy-Duty Generators. Journal of
Scientific and Technical Research, 2020. https/Doi 10.26717/BJSTR.2020.30.004894.

Edori ES, Okporo E, Ucheaga C. Physicochemical characteristics of soils used as temporary waste
dumpsites in Rukpokwu, Obio/Akpor, Port Harcourt, Rivers State, Nigeria. International Journal of
Advanced Chemistry Research,2022:4(1):28-35.

Edori ES, Kpee F. Total petroleum hydrocarbon concentration in surface water from Taylor Creek, Rivers
State, Nigeria. Chemistry Research Journal,2019:4(5):1-8.

Edori OS, Edori ES, Wodi CT. Assessment of polycyclic aromatic hydrocarbons concentrations in soils
within the vicinity of power generating plant stations in universities sited in Port Harcourt, Rivers State,
Niger Delta, Nigeria. Athens Journal of Sciences,2022:9(2):145-156.

Edori OS, lyama WA. Assessment of physicochemical parameters of soils from selected abattoirs in Port
Harcourt, Rivers State, Nigeria. Journal of Environmental Analytical Chemistry,2017:4(3):1-5.

Ekpete OA, Edori OS, lyama WA. Concentrations of polycyclic aromatic hydrocarbons from selected
dumpsites within Port Harcourt Metropolis, Rivers State, Niger Delta, Nigeria. International Journal of
Environmental Sciences and Natural Resources, 2019, 21(4). https/DOI: 10.19080/IJESNR.2019.21.556066
Eze OC, Tukura BW, Atolaiye BO, Opaluwa OD. Assessment of some physicochemical parameters of soil
and heavy metals in vegetables cultivated on irrigated sites along the bank of Mpape River in FCT, Abuja,
Nigeria. IOSR Journal of Environmental Science, Toxicology and Food Technology,2018:12(5):28-38.

70



International Journal of Chemical Science www.chemicaljournals.com

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49,

50.

51.

52.

53.

54,

55.

56.

Fatunsin OT, Adetunde OT, Olayinka KO. Vulnerability assessment: A 9 geospatial bio-accessibility
Approach using polycyclic aromatic hydrocarbons 10 concentration of soils in Lagos, Nigeria. Annals of
Science and Technology,2019:4(1):11:22-26.

Fomenky NN, Tening AS, Chuyong GB, Mbene K, Asongwe GA, Che VB. Selected physicochemical
properties and quality of soils around some rivers of Cameroon. Journal of Soil Science and Environmental
Management,2018:9(5):68-80.

Garcia Y, Ramirez W, Sanchez S. Indicadores de la calidad de los suelos: una nueva manera de evaluar este
recurso. Pastos Forrajes,2017:35(2):125-138.

Guarino C, Zuzolo C, Marziano M, Conte B, Baiamonte G, Morra L, et al. Investigation and assessment for
an effective approach to the reclamation of polycyclic aromatic hydrocarbon (PAHSs) contaminated site: SIN
Bagnoli, Italy. Scientific Reports,2019:9:11522. https://doi.org/10.1038/s41598-019-48005-7

Holoubek I, Dusek L, Sanka M, Hofman J, Cupr P, Jarkovsky J. Soil burdens of persistent organic
pollutants; their levels and risk. Part 1. Variation of concentration ranges according to different soil uses and
locations. Environmental Pollution,2009:157:3207-3217.

Horworth WR. The importance of soil organic matter in the fertility of organic production systems. Western.
Nutrient Management Conference,2005:6:244-249.

Ibezue VC. Effects of fossil extraction in Gokana environment, Ogoni land, Nigeria. 2nd International
Conference on Energy Systems and Technologies, Cairo, Egypt, 2013.

lyama WA, Edori OS. Comparative study of organic parameters of soils from three selected universities in
Port Harcourt metropolis, Nigeria. European Journal of Applied Sciences,2018:9(1):21-34.

Kekane SS, Chavan RP, Shinde DN, Patil CL, Sagar SS. A review on physico-chemical properties of soil.
International Journal of Chemical Studies,2015:3(4):29-32.

Korosi JB, Irvine G, Skierszkan EK, Doyle JR, Kimpe LE. Localized enrichment of polycyclic aromatic
hydrocarbons in soil, spruce needles, and lake sediments linked to in-situ bitumen extraction near Cold
Lake, Alberta. Environmental Pollution,2013:182:307-315.

Laboratory Analytical Work Instruction (LAWI), For the determination of total petroleum hydrocarbon in
soil /sediment/sludge in Gas Chromatography. Published by Fugro (Nig). Ltd, 2011, 3:9.

Laskova T, Zabukas V, Viatiekunas P. Influence of meteorological conditions on volatile organic spread in
the atmospheric boundary layer. Journal of Environmental Engineering and Landscape
Management,2007:15(3):135-143.

Makadia TH, Adetutu EM, Simons KL, Jardine D, Sheppard PJ. Re-use of remediated soils for the
bioremediation of waste sludge. Journal of Environmental Management,2011:92(3):866-871.

Manga VE, Neba GN, Suh CE. Environmental geochemistry of mine tailing soils in the artisanal gold
mining district of Betare Oya, Cameroon. Environmental Pollution,2017:6(1):52-61.

Martinez-Mera EA, Torregroza-Espinosa AC, Crissien-Borrero TJ, Marrugo-Negrete JL, Gonzalez-Marquez
LC. Evaluation of contaminants in agricultural soils in an irrigation district in Colombia. Heliyon,2019:5:1-
9.

Martinez-Mera EA, Torregroza-Espinosa AC, Valencia-Garcia A, Rojas-Geronimo L. Distribution of
nitrogen fixing bacteria isolates and its relationship to the physicochemical characteristics of southern
agricultural soils of the Atiantico Department, Colombia. Soil Environment,2017:36(2):174-181.

Nam JJ, Thomas GO, Jaward FM, Steinnes E, Gustafsson O, Jones KC. PAHSs in background soils from
Western Europe: influence of atmospheric deposition and soil organic matter. Chemosphere,2008:70:1596-
1602.

Nazir AK. Effect of motor oil contamination on geochemical properties of over consolidated clay.
Alexandrian Engineering Journal,2011:50:331-335.

Nwineewii JD, Marcus AC. Polycyclic aromatic hydrocarbons (PAHs) in surface water and their
toxicological effects in some creeks of South East Rivers State (Niger Delta) Nigeria. IOSR Journal of
Environmental Science, Toxicology and Food Technology,2015:9:27-30.

Meindinyo RK, Agbalabga FO. Radioactivity concentration and heavy metal assessment of soil and water in
and around Imirigin oil field, Bayelsa State, Nigeria. Journal of Environmental Chemistry and
Ecotoxicology,2012:4(2):29-34.

Mohammadi L, Rahdar A, Bazrafshan E, Dahmardeh H, Susan ABH. Petroleum hydrocarbon removal from
wastewaters: A Review. Processes,2020:8(4):447.

Nwankwo IL, Ekeocha NE, Ikoro DO. Evaluation of deviation of some soil contamination indicators due to
oil spill in Akinima, Rivers State. Scientific Research Journal,2015:3(7):19-24.

Odu CTI, Esuruoso ON, Oguwale JA. Environmental study of Nigeria Agip Oil Company Operational Area.
Nigeria Agip Oil Company Ltd Lagos, 1985.

Ogboi E. Heavy metal movement in crude oil polluted soil in Niger Delta Region. Journal of Agriculture
and Veterinary Sciences,2012:4:71-78.

Ojimba TP, lyagba AG. Effects of crude oil pollution on horticultural crops in Rivers State, Nigeria. Global
Journal of Science Frontier Research Agriculture and Biology,2012:12(4):37-44.

Olayinka OO, Akande OO, Bamgbose K, Adetunji MT. Physicochemical Characteristics and heavy metal
levels in soil samples obtained from selected anthropogenic sites in Abeokuta, Nigeria. Journal of Applied
Science and Environmental Management,2017:21(5):883-891.

Osuji LC, Nwoye I. An appraisal of the impact of petroleum hydrocarbons on soil fertility: the Owaza
experience. African Journal of Agricultural Research,2007:2:318-324.

71



International Journal of Chemical Science www.chemicaljournals.com

57.

58.

59.

60.

61.

62.

63.
64.
65.
66.
67.
68.
69.
70.

71.

Paulauskiene T, Zabukas V, Viatiekunas P. Investigation of volatile organic compounds (VOC) emission in
oil terminal storage tank parks. Journal of Environmental Engineering and Landscape
Management,2009:17(2):81-88.

Perie C, Quimet R. Organic carbon, organic matter and bulk density relationships in boreal forest soils.
Canadian Journal of Soil Science,2008:88:315-325.

Pinedo J, Ibanez R, Gomez P, Ortiz I. Risk assessment of off-site polluted soils due to hydrocarbon storage
in Cantabria Region. Technical Communication on 10th National Environmental Congress (CONAMA10),
Madrid Spain (in Spanish), 2010.

Pinedo J, Ibanez R, Lijzen JPA, Irabien A. Assessment of soil pollution based on total petroleum
hydrocarbons and individual oil substances. Journal of Environmental Management,2013:130:72-79.
Presidency Ministry (Spain). Royal decree 9/2005 of 14th January which establishes a list of potentially soil
contaminating activities and criteria and standards for declaring that sites are contaminated. Official State
Bulletin 15/2005 Presidency Ministry, Madrid Spain in Spanish,2005:1833-1843.

Prycek J, Ciganek M, Simek Z. Clean-up of extracts for nitrated derivatives of polycyclic aromatic
hydrocarbons analyses prior to their gas chromatography determination. Journal of the Brazilian Chemical
Society,2007:18(6):1125-1131.

Research Triangle Institute. Toxicological profile for total petroleum hydrocarbons (TPH). Prepared for U.S.
Department of Health and Human Services, 1999.

Seifi RM, Alimardani R, Sharifi A. How can soil electrical conductivity measurements control soil
pollution? Journal of Environmental and Earth Science,2010:2(4):235-238.

Sutton NB, Maphosa F, Morillo JA. Impact of long-term diesel contamination on soil microbial community
structure. Applied Environmental Microbiology,2013:79:619-630.

Veellu R. Petroleum hydrocarbon along the coastal area of Port Dickson. Petranika,1989:12(3):349-355.
VROM. (Dutch Ministry of Housing Spatial Planning and the Environment) Soil remediation circular 2009,
Staats courant 3 April 2012 No. 6563. Ministry of Housing, Spatial Planning and the Environment. The
Hague, 2012.

US Environmental Protection Agency (USEPA). Crude and petroleum products, 2011.

Walkey A, Black Al. An examination of the Degtjareff method for determining soil organic matter, and a
proposed modification of the chronic acid titration method. Soil Science,1934:39(1):29-38.

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,2010:161:271-280.

Yalin H, Silong W, Shaokui Y. Research advances on the factors influencing the activity and community
structure of microorganisms. Chinese Journal of Soil Science,2006:37:170-176.

72



