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Abstract: Polycyclic aromatic hydrocarbons
(PAHs) are persistent organic pollutants of
significant environmental and public health
concern due to their toxicity, carcinogenicity,
and resistance to degradation. This study
assessed the occurrence, concentration, and
possible sources of PAHs in soils collected from
effluent channels of petroleum tank farms at
Calabar Jetty, Cross River State, Nigeria. Soil
samples were collected from six sampling
locations associated with two petroleum
storage facilities and analyzed for the sixteen
United States Environmental Protection
Agency (USEPA) priority PAHs. Extraction
was carried out using Soxhlet extraction
followed by clean-up and fractionation

procedures,  while identification  and
quantification were performed using an Agilent
78904 Gas Chromatography-Mass

Spectrometry (GC-MS) system. The results
showed that 11 out of the 16 priority PAHs were
detected in the soil samples. Total PAH
concentrations (Y PAHs) ranged from 8.0 % 10*
nglkg to 9.4 x 10° ng/kg dry weight, with a
mean concentration of 4.23 % 10° ng/kg dry
weight. Sample 1° recorded the highest total
PAH concentration (9.4 % 10° ng/kg), while
sample 6" exhibited the lowest concentration
(8.0 x 10* ng/kg). Among the detected
compounds, indeno(l,2,3-cd)pyrene recorded
the highest individual concentration (5.4 % 10°
ng/kg), followed by benzo(b)fluoranthene (1.6
x 10° ng/kg) and benzo(a)pyrene (1.5 x 10°
ng/kg). Phenanthrene and
benzo(b)fluoranthene were detected in all
samples, indicating widespread contamination
across the study area. The soils were generally
neutral to slightly alkaline, with pH values
ranging from 7.05 = 0.01 to 7.79 £+ 0.05, while
organic matter content ranged from 11.19 +
0.04% to 42.45 £ 0.19%. Diagnostic ratios

including  fluoranthene/pyrene  (FI/Pyr),
fluoranthene/(fluoranthene + pyrene) [Fl/(FI +
Pyr)], and indeno(1,2,3-cd)pyrene
/(indeno(1,2,3-cd)pyrene + benzo(ghi)
perylene) [IcdP/(IcdP + BghiP)] indicated
mixed PAH sources comprising petrogenic
inputs, petroleum spills, liquid fossil fuel
combustion, and biomass combustion from
grass, wood, and coal. The detected
concentrations exceeded several international
environmental guideline values, suggesting
significant ecological and human health risks.
The study highlights the need for continuous
environmental monitoring, improved effluent
management practices, and implementation of
effective  pollution control measures to
safeguard the Calabar Jetty ecosystem and
surrounding communities.
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1.0 Introduction

Polycyclic aromatic hydrocarbons (PAHs) are
major pollutants which are resistant to
environmental degradation due to their highly
hydrophobic nature (Akpanudo & Olabemiwo,
2024a, b; Udoetok et al., 2012). PAHs are large
group of organic compounds with two or more
fused aromatic rings. They are persistent
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organic pollutants and can also be called
polynuclear aromatic hydrocarbons. PAHs are
generated from both natural and anthropogenic
sources. Natural sources include volcanic
eruptions and forest fires, while anthropogenic
sources include petroleum exploration,
refining, transportation, storage activities,
fossil fuel combustion, industrial discharges,
and accidental oil spills. Due to their
persistence and tendency to accumulate in
environmental matrices such as soil, sediments,
water, and biota, PAHs have become
contaminants of global environmental concern.
One of the ways human can be exposed to
PAHs is by incidental inhalation and ingestion
of particles from soil contaminated by oil spills
from petroleum derived products (Clark et al.,
2016; Aris et al. 2022), while Edu ef al.(2016),
Masato and Nobuo(2020) and Pooja, et al.
(2023) described PAHs as the major pollutant
with environmental concern in urban and
industrial areas with low vapour pressure, very
low aqueous solubility and highly lipophilic,
Selvaraj et al. (2023) reported that the
persistence and hydrophobic characteristics of
PAHs facilitate their accumulation in
environmental compartments, thereby they
consist of carbon and hydrogen atoms with two
or more fused aromatic rings without
heteroatom or substituents. Although the health
effects of individual PAHs are not exactly alike,
the United States Environmental Protection
Agency has listed about 16 PAHs as priority

pollutants (USEPA, 2009). These are
naphthalene, acenaphthylene, acenaphthene,
fluorene, phenanthrene, anthracene,
fluoranthene, pyrene, benz(a)anthracene,
chrysene, benzo(b)fluorenthene, benzo(k)
fluoranthene, benzo(a)pyrene, Dibenz(a,h)

anthracene, benzo(ghi)perylene, indeno(1,2,3-
cd)pyrene. Polycyclic aromatic hydrocarbons
are lipophilic, the larger compounds are less
H>O soluble & less volatile (Essumang et al.,
2009 and Bukowska et al. 2022). Petroleum
tank farms are important facilities for the

storage and distribution of refined petroleum
products. However, operational activities such
as product loading and unloading, leakages
from storage facilities, accidental spills, and the
discharge of untreated or poorly treated
effluents can introduce substantial quantities of
petroleum-derived contaminants into the
surrounding environment. Such contamination
may result in the accumulation of PAHs in
nearby soils and water bodies, thereby posing
ecological and public health concerns.
Previous studies have reported -elevated
concentrations of PAHs in soils, sediments, and
aquatic environments located near petroleum
handling facilities. Essumang et al. (2009)
observed significant PAH contamination in
petroleum-impacted  environments,  while
Mallah et al. (2021) reported that prolonged
exposure to PAHs could result in serious
ecological and human health consequences.
Similarly, studies conducted in industrial and
petroleum-producing regions have shown that
petroleum storage and transportation activities
are major contributors to environmental PAH
contamination.
Due to their toxic, mutagenic, and carcinogenic
properties, PAHs represent a significant
environmental health concern. Long-term
exposure to elevated concentrations of PAHs
has been associated with adverse health effects,
including respiratory disorders, skin diseases,
liver dysfunction, kidney damage, reproductive
abnormalities, and various forms of cancer.
etc. Mallah er al. (2021). It 1s therefore
pertinent to check the level of PAHs in the
chosen study area. Although numerous studies
have investigated PAH contamination in
petroleum-producing and industrial regions
worldwide, limited information is available
regarding the occurrence, distribution, and
sources of PAHs in soils receiving effluents
from petroleum tank farms at Calabar Jetty,
Cross River State, Nigeria. Furthermore, there
i1s a paucity of data on the potential
environmental and public health implications
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of PAH contamination in this strategic
petroleum handling environment.  Calabar
Jetty serves as a major petroleum storage and
distribution hub in southeastern Nigeria.

The continuous handling and movement of
petroleum products within the facility increase
the likelihood of hydrocarbon released into the
surrounding  environment.  Consequently,
assessing the levels of PAHs in effluent-
impacted soils within the area is essential for
evaluating environmental quality and potential
ecological risks. This research looked at the
levels and types of PAHs present in the chosen
location, its health implications and suggest
possible ways of eliminating them and avoid
future pollution occurrences. Therefore, the
aim of this study was to assess the
concentrations, distribution patterns, and
possible sources of polycyclic aromatic
hydrocarbons in soils collected from effluent
channels of petroleum tank farms at Calabar
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Jetty, Nigeria. The findings of this study will
provide valuable baseline information on PAH
contamination associated with petroleum tank
farm activities at Calabar Jetty. The results will
support environmental monitoring
programmes, guide pollution control strategies,
assist regulatory agencies in enforcing
environmental standards, and contribute to the
protection of aquatic ecosystems and human
populations potentially exposed to petroleum-
derived contaminants.

2.0 Materials and Methods
2.1 Study area

The study area is located at latitude 5°1'0"N
and longitude 8°19'0"E of Calabar Highway,
Harbour junction, Cross River State, Nigeria
(Fig. 1). The study area lies within the humid
tropical region of southern Nigeria and
experiences a bimodal rainfall pattern with
annual precipitation exceeding 2,500 mm.
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Fig 1: Map of the sampling location adapted from road network (Original map of the study

area drawn by the lead author).

The area is characterized by high temperatures
and relative humidity throughout the year.
Calabar Jetty is situated along the Calabar
River and serves as an important petroleum
storage and distribution hub. Continuous
petroleum handling activities within the area
increase the likelihood of hydrocarbon

contamination of surrounding soils and surface
waters. These companies store petroleum
products in 12-million-meter tones capacity
tanks (Plates 1-5) and discharge to tankers for
final delivery to fuel stations within the
country. These companies are situated inside
Calabar port which has jurisdiction over crude
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oil terminals. They supply, source and consumers, businesses and maritime operators
distribute the oil and gas products needed by

PLATE 1: Tank farms at Calabar jetty

PLATE 2: The pipes of the inlet lines where products are discharged from the vessels to the
tank.
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PLATE 3: The picture of the pump house, where products flow through from the tank farm
to the iantri' in Calabar jetty.
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PLATES: Thepicture showing the effluent discharge point after washing the tank in Calabar

jetty.
2.2 Solvents

All chemicals and solvents used in this study
were of analytical grade and were obtained
from Merck (Germany). Solvents used
included acetone, methanol, n-hexane,
petroleum ether, dichloromethane, toluene,
ethyl acetate, benzene, n-heptane,
nitrobenzene, benzophenone, and
benzenethiol. Silica gel (60—-120 mesh) and
activated alumina were used for sample clean-
up and fractionation.

2.3 Equipment
The equipment used included a Soxhlet
extraction apparatus, analytical balance

(£0.001 g accuracy), glass chromatographic
column, laboratory oven, muffle furnace,
desiccator, beakers, crucibles, glass wool, and
an Agilent 7890A Gas Chromatograph coupled
with a 5975C Mass Selective Detector (GC-
MS). Soil samples were collected in polythene
bags which had never been used. The samples
were collected from the waste channels of two
different oil companies (H and O) using shovel,
auger and spade at different depths ranging

from 5-20cm. The samples were air-dried for
about one month and then stored in air-tight
container for further processing. One hundred
grams (100 g) of each prepared soil sample was
extracted using a Soxhlet apparatus with 150
mL of acetone:methanol:n-hexane (3:1:1,
v/v/v). Extraction was carried out at 50°C for
15 h under continuous reflux conditions. The
extracts obtained were concentrated using
solvent evaporation and stored in clean amber
bottles prior to clean-up and analysis.

2.4 Precipitation of Asphaltenes

Asphaltenes were separated from maltenes by
precipitation using a petroleum
ether:dichloromethane mixture (3:1, v/v). The
solvent mixture was added to the concentrated
extracts and thoroughly mixed. Following
precipitation, the maltene fraction was
separated and collected for subsequent
chromatographic fractionation.

2.5 Characterization of Extracts

The extracts were characterized by resolution
over silica gel and alumina (2:1) column. The
column was developed with 10ml of n-hexane
and each fraction was eluted with 50ml of the
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solvents. The saturated hydrocarbon (SHC)
fraction was eluted with n-hexane while the
aromatic hydrocarbon (AHC) was eluted with
methyl benzene. The vanadylporphyins were

eluted with  benzene/ethylacetate  (3:1)
mixture. The nickelporphyrins were eluted
with a dichloromethane/n-heptane (2:3)

mixture. The nitrogen compounds were eluted
with nitrobenzene while the oxo compounds
were eluted with benzoketone. Finally, the
hetero components (NSO) were eluted from the
column using a methanol/dichloromethane
(2:1) mixture. Excess solvent was allowed to
evaporate at room temperature under a fan to
avoid denaturation of the fractions. All
fractions were then weighed and their yields
obtained by difference.

2.6 GC-MS analysis

The extracts of the sample were subjected to
GC/MS analysis. The gas chromatographic
model 7890A (GC) analysis was performed on
an agilent technology interfaced with mass
selective detector mode: 5975C (MSD). The
electron ionization was at a 70V with an ion
source temperature at 250°C. Highly pure
helium gas (99.9% purity) was used as a carrier
gas while HP-5 (30mm X 025mm X
0.320mm) was used as the stationary phase.
The oven temperature was at 80°C held for 2
minutes and ramped to 280°C while holding for
6 minutes at the rate of 10°C/minute 1g/l was
auto injected. The unknown samples were run
against set of standards of 16 WHO prioritized
PAHs and the identification of PAHs was
confirmed by the retention time and abundance
of quantification/confirmation ions in the
authentic PAHs standards.

2.7 Determination of moisture content

The moisture content shows the amount of
water in the soil. The moisture content was
determined using the oven-drying method.50g
of the soil sample crushed and poured into a
clean, dried and weighed crucible. The weight
of the container with the wet sample was taken

853

using a weighing balance. The crucible was
then placed in an oven for 24 hours at a
temperature of 110+ 5°C, which was later
removed and placed in a desiccator and the
weight of the dry sample was taken. The
measurement was done in duplicate. The
moisture content in the soil is expressed as

%) — Wtmoise=Wtdried X 100 (1)
Wtmoist: 1

where Wt,,,is¢ = weight of moist sample and
Wt griea = weight of dried sample

Moisture (

2.8 Determination of organic matter content

The organic content is the ratio expressed as
percentage of the mass of organic matter in a
given mass of soil to the mass of the dry soil.
About 20g of the oven-dried test specimen
from the moisture content experiment was
placed in empty, clean and dry crucible and the
mass was recorded. The crucible containing the
sample was then placed in a muffle furnace
overnight at a temperature of 440°C. The
crucible was then carefully removed from the
furnace using tongs and allowed to cool to
room temperature. The mass of the crucible
containing the ash (burned soil) was recorded.
The organic content in the soil was calculated
according to equation 2

Organic (%) — Wtdriea—Wtashed (2)
Wtgried

= weight of ashed sample

where Wtashed

3.0 Results and Discussions
3.1 Physicochemical Characteristics of Soils
from Calabar Jetty

The physicochemical properties of the soil
samples collected from the petroleum tank
farm effluent channels at Calabar Jetty are
presented in Table 1, while the sampling
coordinates, conductivity, temperature, and
colour characteristics are shown in Table 2. The
results revealed noticeable variations in soil
properties among the sampling locations.
Sample 4" recorded the highest pH value (7.79
+ 0.05) and moisture content (32.14 = 0.10%),
whereas the highest organic matter content was
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observed in sample 6" (42.45 + 0.19%). These
variations may reflect differences in the
intensity of petroleum-related activities, waste
discharge patterns, and local environmental

associated with hydrocarbon contamination
and the accumulation of organic materials.
Darker soil colours have often been linked to
elevated organic carbon and petroleum

conditions at the sampling points. hydrocarbon  contents in  contaminated
The colour of the soils ranged from dark grey  environments.
to brownish-grey (Table 1), which may be
Table 1: Physico-chemical characteristics of the soils
Parameters 1° 20 30 4h sh 6"
P value 7.10+£0.04  7.05£0.01 7.27+0.03  7.79£0.05 7.53+£0.05 7.69+0.04
Moisture 17.51+£0.09 20.04+0.04 15.00+0.06 32.14+0.10 23.36+0.05 28.20+0.09
content %
Organic 22.70+0.10 13.59+£0.05 11.19+0.04 30.88+0.15 27.27+0.11 42.45+0.19
matter %

Table 2: Conductivity, temperature, coordinates, colour of samples

Sample code Conductivity Temperature Coordinates Colour

1° 1.27 27.8+0.03 05°10°N08°019°E  Dark grey

20 1.68 28.4+0.02 05°10°N08°019°E  Dark grey

30 1.91 27.7+0.04 05°20°'N08°20’E  Dark grey

4h 1.32 27.6 +0.01 04°21°’N07°16°’E  Brown

sh 1.39 27.5+0.03 04°19°N07°20’E  Brownish grey
6" 1.62 26.9 +£0.02 04°20°'N07°21’E  Brownish grey

3.2 Soil pH

As shown in Table 1, soil pH values ranged
from 7.05 £ 0.01 to 7.79 + 0.05, with an overall
mean value of 7.40 £+ 0.03. The results indicate
that the soils were generally neutral to slightly
alkaline. Sample 4" exhibited the highest pH
value, while sample 2° recorded the lowest.

The relatively narrow pH range observed
suggests a similar geochemical environment
across the study area. The slight alkalinity may
be attributed to the presence of calcium
carbonate (CaCOs) and other alkaline
constituents in the soil, as reported by Ali et al.
(2021). Soil pH is an important environmental
parameter because it influences nutrient
availability, microbial activity, and the mobility
and bioavailability of contaminants, including
PAHs. According to Wang et al. (2023), soil pH

significantly affects the solubility and chemical
behaviour of various compounds within soil
matrices. The near-neutral pH conditions
observed in this study may favour the
persistence of hydrophobic organic pollutants
such as PAHs by reducing their degradation
rates.

3.3 Soil Temperature,
Organic Matter

Conductivity and

The temperature and conductivity values of the
soil samples are presented in Table 1. Soil
temperatures ranged from 26.9 + 0.02°C to
28.4 £ 0.02°C, with sample 2° recording the
highest temperature and sample 6H the lowest.
The relatively uniform temperature distribution
across the sampling locations reflects the
tropical climatic conditions of the Calabar
region.
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Electrical conductivity values ranged from 1.27
to 1.91, with sample 3° recording the highest
conductivity. Elevated conductivity may
indicate the presence of dissolved ions arising
from petroleum residues, industrial discharges,
and other anthropogenic inputs associated with
tank farm operations.

Moisture content values ranged from 15.00 +
0.06% to 32.14 + 0.10%, while organic matter
content varied from 11.19 £ 0.04% to 42.45 +
0.19% (Table 1). Sample 6" contained the
highest organic matter content, suggesting a
greater capacity for adsorption and retention of
hydrophobic contaminants such as PAHs.
Organic matter is a major controlling factor in
the environmental fate of PAHs because these
compounds strongly associate with organic
carbon fractions in soil. The relatively high
organic matter contents recorded in some
locations may therefore contribute to the

accumulation and persistence of PAHs in the
study area.

3.4 Ildentification and Distribution of PAHs

The GC-MS retention times of the identified
PAHs are presented in Table 3, while their
concentrations are shown in Table 4. Among

the sixteen United States Environmental
Protection Agency (USEPA) priority PAHs
investigated, eleven compounds were detected

in the soil samples. These included
acenaphthene, fluorene, phenanthrene,
fluoranthene, pyrene, benzo(a)anthracene,
benzo(b)fluoranthene, benzo(a)pyrene,
indeno(1,2,3-cd)pyrene,

dibenz(a,h)anthracene, and
benzo(ghi)perylene. However, naphthalene,

acenaphthylene, anthracene, chrysene, and
benzo(k)fluoranthene were not detected in any
of the samples.

Table 3: GC-MS conditions under time scheduled selected ion monitoring

Compound No. Molecular Retention time
of mass
Rings
10 20 30 4h Sh 6h
Acenaphthene 3 153 9301 9370 9.267 - 9.667 -
Flourene 3 166 10.503 10.480 10.508 - 10.892 10.291
Phenanthrene 3 178 12.780 12.860 12.751 12.797 12.780 12.808
Fluoranthene 4 202 15.812 15.685 15.658 15.738 15910 15.744
Pyrene 5 202 16.213 16.190 16.202 16.207 16.202 16.211
Benz(a)anthracene 5 252 19.223 19.240 19.240 19.332 19.234 19.240
Benzo(b) 5 252 22.164 21.649 21.871 21.432 21.563 22.055
fluoranthene
Benzo (a) pyrene 5 276 22.164 21.649 21.781 21.432 21.964 22.055
Indeno (1, 2, 3-cd) 6 278 24264 24.699 24613 - 24.670 -
pyrene
Dibenz(a,h) 6 276 24.865 24.682 24.613 - 24.653 -
anthracene
Benzo(ghi) 6 276 25.088 24.699 - - 24.670 -
perylene
S
S
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Table 4: Concentrations of PAHs expressed in ng/kg

PAH Components 1° 20 30 4h sh 6"
Naphthalene - - - - - -
Acenaphthene 1.0 x10* - 1.0x10* - - -
Acenaphthylene - - - - - -
Fluorene 2.0x10* - 3.0 x10* - - -
Anthracene - - - - - -
Phenanthrene 4.0x10* 2.9x10° 2.0x10* 5.0x10* 2.0x10* 5.0x10*
Fluoranthene 4.0 x10* 2.0x10* 1.2x10° 1.0x10* 1.0x10* -
Pyrene 4.0x10* 1.0x10* 1.1x10° - 1.0x10* 1.0 x10*
Benzo(a) anthracene 2.0x10* - 1.0x10* 1.0x10* - -
Chrysene - - - - - -

Benzo (b)floranthene 1.1x10° 2.0x10* 9.0x10* 1.6x10° 1.0x10* 1.0x10*
Benzo(k) fluoranthene - - - - - -

Benzo (a)pyrene - 1.0x10* 8.0x10* 1.5x10° 1.0x10* 1.0x10*
Indeno(1,2,3-cd) pyrene 5.4x10° 1.0x10* 6.0x10* - 1.0 x10* -
Dibenz(a, h) anthracene 7.0 x10* 1.0 x10* 12x10° - 1.0 x10* -

Benzo (ghi) perylene 5.0x10* 1.0x10* - - 1.0 x10* -

Mean 9.4x10° 3.8x10° 6.7x10° 3.8x10° 9.0x10* 8.0x10*
The absence of several low-molecular-weight  contamination sources, environmental

PAHs may be attributed to their relatively high

conditions, and pollutant transport pathways

volatility and greater susceptibility to  within the jetty environment.
dlssplutlon and degradation during 3 5 Concentrations of PAHs in Soil Samples
environmental  exposure and  sample

processing. Similar observations were reported
by Akash et al. (2023), who attributed the loss
of lighter PAHs to volatilization processes.
Xilin et al. (2024) also noted that prolonged
environmental exposure can significantly
reduce the concentrations of low-molecular-
weight PAHs in contaminated soils.

The chromatographic identification of PAHs
based on retention times is shown in Table 3.
Phenanthrene, fluoranthene, pyrene,
benzo(b)fluoranthene, and benzo(a)pyrene
exhibited consistent retention times across the
sampling  locations,  confirming  their

widespread occurrence within the study area.

A total of eleven PAHs were identified in
sample 1°, ten in sample 3°, eight in samples
29 and 5", five in sample 4", and four in sample
6". The variation in the number of detected
compounds

suggests differences in

The concentrations of individual PAHs and
total PAHs are presented in Table 4. Total PAH
concentrations ranged from 8.0 x 10* ng/kg to
9.4 x 10° ng/kg, with an overall mean
concentration of approximately 4.23 x 107
ng/kg. Sample 1° recorded the highest total
PAH concentration (9.4 x 10° ng/kg), followed
by sample 3° (6.7 x 10° ng/kg), whereas sample
6H recorded the lowest concentration (8.0 x
10* ng/kg).

The elevated PAH levels observed in samples
1© and 3° may be attributed to their proximity
to active petroleum storage facilities and
effluent discharge channels located close to the
Calabar River. These locations are exposed to
continuous petroleum handling activities,
accidental spills, leakage from storage systems,
tanker operations, and combustion emissions.
Jun et al. (2022) similarly reported that
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petroleum storage and transportation activities
contribute substantially to elevated PAH
concentrations in surrounding soils.

Among the individual PAHs, indeno(1,2,3-
cd)pyrene recorded the highest concentration
of 5.4 x 10° ng/kg in sample 1° (Table 4).
According to Tao et al. (2020) and Pradip et al.
(2023), elevated concentrations of high-
molecular-weight PAHs such as indeno(1,2,3-
cd)pyrene are often associated with intense
industrial activities, petroleum combustion,
and pyrogenic sources. The dominance of this
compound in sample 1° therefore suggests
significant anthropogenic influence.
Phenanthrene and benzo(b)fluoranthene were
detected in all soil samples, indicating their
widespread distribution within the study area.
The persistence of high-molecular-weight
PAHs such as benzo(a)pyrene, indeno(1,2,3-
cd)pyrene, and benzo(b)fluoranthene may be
related to their resistance to microbial
degradation compared to lower molecular
weight PAHs. Similar observations were
reported by Zhang et al. (2020), who noted that
biodegradation rates decrease with increasing
molecular weight of PAHs.

3.6 Occurrence of Carcinogenic PAHs and
Environmental Implications

Particular  attention @ was  given  to
benzo(a)pyrene because it is widely recognized
as one of the most toxic and carcinogenic PAHs
and is commonly used as an environmental
contamination indicator (Ras et al., 2009).
Benzo(a)pyrene was detected in five of the six
samples and ranged from 1.0 x 10* ng/kg to 1.5
x 10° ng/kg (Table 4). The highest
concentration occurred in sample 4H.

The elevated concentration of benzo(a)pyrene
in sample 4" may be associated with its
relatively high organic matter content and the
strong affinity of PAHs for humic substances.
Sudipti et al. (2022) reported that soils rich in
organic matter tend to accumulate greater

quantities of hydrophobic contaminants
because of their lipophilic nature.

The concentrations of benzo(a)pyrene recorded
in this study were substantially higher than
those reported by Samuel Sojinu et al. (2010)
for soils and sediments in the Niger Delta,
where concentrations ranged from 9.0 ng/kg to
2.05 x 10° ng/kg in soils and 1.7 x 10? ng/kg to
1.02 x 10* ng/kg in sediments. Similarly, the
concentrations of several carcinogenic PAHs
detected in this study exceeded values reported
in other petroleum-impacted environments.
The occurrence of high concentrations of
carcinogenic PAHs poses potential ecological
and human health risks to workers and
residents within the vicinity of the jetty.
Exposure may occur through inhalation of

contaminated dust, dermal contact with
contaminated soils, or indirect ingestion
through  the food chain  following
bioaccumulation.

3.7 Comparison with Previous Studies and
International Standards

The PAH concentrations obtained in this study
were compared with values reported from other
regions worldwide. The concentration of
benzo(a)pyrene (1.0 x10* — 1.5 x 10° ng/kg)
was lower than the values reported by Li et al.
(2020) but higher than those reported by
Samuel Sojinu et al. (2010) and several studies
conducted in the Niger Delta region. Anyakora
et al. (2005) reported concentrations of 5-6
ring PAHs ranging from 0 to 2.8 x 10* ng/kg in
Niger Delta sediments. In contrast, the present
study recorded concentrations ranging from
1.0 x 10* to 5.4 x 10° ng/kg for similar
compounds, indicating a higher contamination
burden within the Calabar Jetty environment.
The total PAH concentrations obtained in the
present study were generally lower than the
concentrations reported for  heavily
industrialized harbour and estuarine sediments
in China (Libing et al, 2023), Greece
(Grigoriou et al., 2022), and Korea (Yun-Hee ef
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al., 2023). Nevertheless, the concentrations
remained sufficiently elevated to indicate
substantial petroleum-related contamination.
Although some samples were below the Dutch
intervention value (5.0 x 10° ng/kg) and the
Polish standard (1.5 x 107 ng/kg), all detected
PAHs exceeded the environmental exposure
guideline of 2.0 x 10? ng/kg established by the
USEPA (2009) and the American Conference
of Governmental Industrial Hygienists. This
suggests that the study area is contaminated
with PAHs at levels capable of posing
environmental and public health concerns.

The elevated concentrations observed may
have originated from multiple sources
including petroleum spills, tanker operations,
fuel combustion, sewage deposition, irrigation
inputs, and indiscriminate disposal of
petroleum wastes. Similar source contributions
have been reported by Rishikesh and Madhava
(2022), Fernandez et al. (2002), and Lag et al.
(2020).

Overall, the results demonstrate that soils
around petroleum tank farms at Calabar Jetty
are contaminated with significant
concentrations of PAHs, particularly high-
molecular-weight carcinogenic compounds.
The findings underscore the need for regular
environmental monitoring, improved effluent
management practices, and implementation of
pollution control measures to safeguard
ecosystem integrity and public health.

4.0 Conclusion

This study assessed the occurrence and
distribution of  polycyclic aromatic
hydrocarbons (PAHs) in soils collected from
effluent channels of petroleum tank farms at
Calabar Jetty, Cross River State, Nigeria. The
results revealed significant PAH contamination
within the study area, indicating the impact of
petroleum storage, handling, and associated
industrial activities on the surrounding
environment.

Of the sixteen USEPA priority PAHs
investigated, eleven were detected in the soil
samples. The dominant compounds were
indeno(1,2,3-cd)pyrene, benzo(b)fluoranthene,
and benzo(a)pyrene, all of which are high-
molecular-weight PAHs known for their
persistence and potential toxicity. Total PAH
concentrations ranged from 8.0 x10* to 9.4 x
10° ng/kg dry weight, with a mean
concentration of 4.23 x 10° ng/kg dry weight.
These concentrations exceeded the
recommended guideline value of 50 ng/kg,
indicating substantial contamination and a
potential risk to environmental and human
health.

The distribution patterns and diagnostic
assessments suggest that the detected PAHs
originated from multiple sources, including
petroleum spills, petroleum storage and
transfer operations, fossil fuel combustion,
sewage deposition, and other petrogenic and
pyrogenic activities. The predominance of
high-molecular-weight PAHs further indicates
significant contributions from combustion-
related processes and long-term accumulation
in the soil.

The elevated concentrations of carcinogenic
PAHs, particularly benzo(a)pyrene, raise
concerns regarding possible ecological effects
and human exposure through direct contact
with contaminated soils, inhalation of
contaminated particulates, and food-chain
transfer. Continuous discharge of untreated or
poorly managed effluents may further increase
contamination levels in nearby terrestrial and
aquatic ecosystems.

Therefore, regular environmental monitoring,
effective effluent treatment, strict enforcement
of  environmental regulations, prompt
remediation of contaminated sites, and
improved petroleum handling practices are
recommended to reduce PAH contamination
and protect environmental quality and public
health within the Calabar Jetty area.
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