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ABSTRACT

The exploration and exploitation of crude oil in Niger Delta has resulted in continued oil spillage into
the water bodies and the land around the region. Hence, this study focuses on the evaluation of the
amount and types of Polycyclic Aromatic Hydrocarbons (PAHs) and Total Petroleum Hydrocarbons
(TPH) in the water and sediment samples of three Creeks namely Fibiri, Adamkiri, and Okpokoma
Dappa in Bonny Local Government Area of Rivers State using Gas Chromatography-Flame lonization
Detector (GC-FID). The results obtained revealed variations in the concentrations of PAHs and TPH
within the sediment and water samples extracted from these three locations. Fibiri Creek emerged as the
focal point of heightened 16-priority PAH levels studied, succeeded by Adamikiri and Okpokoma
Dappa Creeks. Similarly, the concentration of TPH in water samples mirrors the decreasing order across
the three Creeks as Fibiri > Adamakiri > Okpokoma Dappa. In Fibiri Creek, n-C32 commands the
highest concentration at 11.3224 ppm, while Okpokoma Dappa manifests the lowest concentration with
n-C11 registering at 1.19456 e-2 ppm. This study exposed that Low Molecular Weight (LMW) PAHs
such as naphthalene, acenaphthylene, acenaphthene, fluorene, and anthracene were predominant
underscoring the pervasive influence of petroleum-related activities. However, High Molecular Weight
(HMW) PAHs like Dibenzo [a, h] anthracene was also discernible contributing to the complex PAH
profile observed across the studied Creeks. This research provides a good knowledge of hydrocarbon
matrices across the three Creeks, offering a foundation for targeted environmental management
strategies and remediation efforts.
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Introduction

Crude oil has been the most significant fossil fuel that has helped to mold today’s civilization
since it was commercially exploited in the 19th century [1]. A mixture of hydrocarbons known as
crude oil is one that is found in naturally occurring subsurface reservoirs in the liquid phase and
continues to be liquid at atmospheric pressure after passing through surface separating equipment
[2]. Nigeria has been discovering and utilizing crude oil for many years, and the effects on the oil
producing and processing areas have caused significant problems in both onshore and offshore
infrastructures [3-4]. Refined crude oil includes a variety of substances, including polycyclic
aromatic hydrocarbons, aromatics, cycloalkanes, alkanes and non- organics like heavy metals,
color additives, antioxidants, and corrosion inhibitors [5-6]. Since the procedures of refining
affect the metal speciation and introduce new metals to the matrix, the refined products exhibit
greater toxicity when compared to crude oil [7]. The aliphatic and aromatic compounds in
unrefined oil can be somewhat removed by improved bioremediation while the high molecular
weight and complex structures could be hardly removed and are retained in soils more than the
low molecular hydrocarbons [8-9]. Chemical/physical treatment could be used in the recovery of
these hydrocarbons [10-12].

Polycyclic aromatic hydrocarbons (PAHS) are organic molecules made up of two or more
aromatic hydrocarbon rings and have become a staple in the investigation of the effects of oil
spills and coastal pollution near urban areas [13]. Originating from sources such as petroleum
(petrogenic) and the incomplete combustion of petroleum (pyrogenic), PAHs have become
widespread across the globe, especially concentrated near urban centers [14-15-13]. Total
petroleum hydrocarbons (TPH) are a term used to describe a large family of several hundred

chemical compounds that originally come from crude oil [16].

In practice, it is a measure of the concentration or mass of petroleum hydrocarbon constituent
present in a given sample of soil or water. Usually, TPH contaminate soils from vandalization of
oil pipelines and this affects human systems and animals because of the carcinogenic, mutagenic
and toxic nature of these compounds that poses great health menaces [17, 16]. There are many
entry routes of TPH contamination into water and soils which includes petroleum drilling,

exploration, exploitation, transportation, offloading, refining and consumption [18-20].
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Sediments are soil particles found at the bottom of water and are regarded as most common river
pollutant [20]. Mineral hydrocarbons are known to exhibit high affinity for fine-grained particles
found in sediments [21].

This explains why intertidal sediments with finer grain-sized particles generally accumulate

enhanced levels of hydrocarbons than the coarse subtidal sediments [22].

The exploration, drilling, refining, and transportation of petroleum (crude oil) by various oil
companies in the Niger Delta has resulted in the spillage of oil for several years into the water
bodies and the land around the areas where oil processing or drilling occurs. Therefore, it is very
imperative to evaluate hydrocarbon loads of the water and sediments within the region and
hence, the essence of this study is to evaluate the amount and types of hydrocarbons in the water
and sediment samples of three Creeks in Bonny Local Government Area of Rivers State using

Gas Chromatography-Flame lonization Detector (GC-FID).
Materials and Methods
Study Area and Sample Collection

The water and sediment samples were collected in January, 2022, representing the dry season.
The study selected three Creeks - Adamakiri, Fibiri, and Okpokoma Dappa, in Bonny LGA (Fig.
1) of Rivers State. The local government council area has geographic coordinates of latitude
4027.096’N and Longitude 7°10.244E.

Bonny is a major oil-producing area and oil export point of Rivers State in the Niger Delta
region of Nigeria. It is host to major international oil companies and the Nigeria Liquified
Natural Gas (NLNG) Company Limited with its six trains already delivering products overseas
while a seventh one is under construction [23].

The local government occupies an area of 645.60 km? (249.27 sq mi). Bonny LGA with
headquarters in Bonny shares boundaries with Okrika and Ogu/Bolo LGAs to the North, Andoni
LGA to the East, Degema LGA to the West, and the Atlantic Ocean to the South. The area has a

population of 215,358 persons according to the 2006 national census figures [23].
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Fig. 1. Map of Rivers State showing Bonny LGA [24]

Sample Preparation and Analysis

Ten grams of the samples underwent extraction with 20 ml of dichloromethane (DCM) solvent
for 4-6 hr, creating an extraction mixture that allowed for the selective dissolution of Total
Petroleum Hydrocarbons (TPH) and Polycyclic Aromatic Hydrocarbons (PAHs) from the
sample. The extract was subjected to evaporation in a mechanical shaker at 60°C. The filtration
of the samples was achieved through Whatman filter paper No.41, which had been pre-packed
with 10 g of NaxSOg, into a round bottom flask. One ml portion of the sample extracted from
TPH extraction was passed through a packed polypropylene column which was packed with 10 g
of silica gel. The saturated hydrocarbons were eluted with n-hexane and collected in a conical
flask. While the PAHs were eluted with DCM and collected in a conical flask. Gas
Chromatography with Flame lonization Detection (GC-FID, Varian CP-3800 and Agilent GC
6890N system with highly sensitive Agilent 5975 Mass Selective Detector (MSD) for both

sediment and water were employed as the detection method.
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Results and Discussion
Concentrations of PAHs Across the Three Creeks

The results in Figure 2 show that the level of PAHSs in sediment sample from Fibiri Creek ranged
from 0.00 ppm to 1.15 ppm. It was revealed that Nap (1.15 ppm), Ace (0.82 ppm), Flu (0.71),
Acy (0.70 ppm), Ph (0.53 ppm) were of the highest concentrations, while 1dP (0.08 ppm), BbF
(0.10 ppm), BeP (0.14 ppm), DbA (0.16 ppm) have the lowest concentrations. PAHSs like Pyr
(0.00), BKF (0.00) were not found. This result implies that Nap was relatively high among the 16
high priority PAHSs. It was also observed that the PAHs with the highest concentrations were low
molecular weight (LMW) PAHs. However, high molecular weight (HMW) PAHSs were present,
but not in concentrations as observed for LMW PAHSs as presented in Fig. 2. This finding aligns
with previous studies which reported higher occurrence and abundance of LMW PAHSs
compared to HMW PAHs [25-27]. The result revealed that the concentration of PAHs was
higher in the sediment than in the water samples. The higher concentration of PAHSs in the
sediment samples compared to the water samples suggests a preferential association and

accumulation of polycyclic aromatic hydrocarbons in the sedimentary environment.
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Fig. 2. Concentration of PAHSs in Fibiri Creek
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The result from Adamakiri Creek in Fig. 3 showed that the level of PAHSs in sediment sample
ranged from 0.00 ppm to 1.35 ppm. The individual PAHS result from Adamakiri Creek showed
that Acy (1.35 ppm), Ace (0.87 ppm), An (0.62 ppm), and Fle (0.59 ppm) had the highest
concentration. Nap (0.05 ppm), Py (0.07 ppm), Ph (0.08 ppm), Ind (0.04 ppm) had the lowest

concentrations.

PAHs such as Chr, BbF, BkF, BeP, and B [g, h, i] P were not detected in the sediment.
Additionally, low molecular weight (LMW) PAHs were shown to have the highest
concentrations of PAHs. Although they were not in the same quantities as Low Molecular
Weight PAHSs, high molecular weight (HMW) PAHs were nonetheless found. The values of
PAHs in the water sample shown Figure 3 ranged from 0.00 ppm to 0.03 ppm. The PAHSs
detected were Acy (0.02 ppm), Ace (0.03 ppm),

Fla (0.02ppm), and An (0.01ppm). The other 12 PAHs were not detected in the water sample
from Adamakiri Creek. The result obtained showed a stark disparity in the concentrations of
Polycyclic Aromatic Hydrocarbons (PAHSs) between the water and sediment samples. Notably,
the concentration of PAHs exhibited a remarkable and pronounced reduction in the water sample

when juxtaposed with its sedimentary counterpart [28].

This noteworthy discrepancy suggests a dynamic interplay between the aqueous and sedimentary

phases of the environment, with profound implications for the fate and transport of PAHs.

The discernible scarcity of PAHs in the water sample underscores a compelling inference: a
significant proportion of the released PAHs may have undergone sequestration within the
sediment matrix. This observation points towards the sediment acting as a repository for PAHSs,

either through adsorption mechanisms or intricate physicochemical interactions [29].

Such nuanced insights into the preferential partitioning and fate of PAHs between water and
sediment domains not only contribute to a more comprehensive understanding of environmental
contamination but also serve as a crucial foundation for devising targeted mitigation and

remediation strategies.
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Fig. 3. Concentration of PAHs in Adamakiri Creek

The findings elucidated in Fig. 4 provided a detailed snapshot of the panorama of Polycyclic
Aromatic Hydrocarbon (PAH) contamination within the sediment sample derived from
Okpokoma Dappa Creek. Within this environmental context, the PAH concentrations exhibit a
spectrum ranging from 0.00 ppm to 0.43 ppm, thereby painting a nuanced portrait of the spatial
distribution and prevalence of these environmental contaminants. Notably, certain PAHS,
including B [g, h, i] P, BeP, BKF, Chr, and Py, were conspicuously absent, underscoring the

selective occurrence and composition of PAHs within this specific sedimentary locale.

Fle emerged as the predominant PAH in the sedimentary matrix, boasting the highest
concentration at 0.43 ppm. This was closely followed by BaA (0.23 ppm), An (0.12 ppm), and
D [a, h] A (0.12 ppm), collectively representing the echelons of elevated PAH concentrations.
The above values represent that concentrations predominantly manifest in low molecular weight

(LMW) PAHS, suggesting a preference for LMW PAHSs in the sedimentary microcosm.
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Fig. 4. Concentration of PAHSs in Okpokoma Dappa Creek

Remarkably, a subset of PAHs remains undetectable in the water sample, emphasizing the
distinct partitioning behavior and selective presence of PAHs in different environmental
matrices. Studies by Cao et al. [30] and Jabali et al. [31] have similarly emphasized the selective
presence and partitioning behaviour of PAHSs in diverse environmental samples. Cao et al. [30]
findings highlighted comparable trends in PAHs concentrations and underscored the significance
of understanding the distinct environmental matrices impact on PAH distribution while Jabali et
al. [31] supported the idea that certain PAHs may remain undetectable in water samples due to

their specific partitioning tendencies.

The documented results showcased a range from 0.00 ppm to 1.35 ppm across the Creeks,
revealing the diverse nature of PAH contamination in these ecosystems. In Fibiri, Nap took
precedence with the highest concentration at 1.15 ppm, while Acy dominates in Adamakiri with
a concentration of 1.35 ppm. Okpokoma Dappa Creek, on the other hand, exhibits Fle as the

predominant PAH with a concentration of 0.43 ppm. Intriguingly, certain PAHSs such as B [e] P
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(Fibiri), Py (Adamakiri), Chr (Fibiri), and B [g, h, i] P (Fibiri) manifest singularly, emphasizing
the unique compositional nuances across the sedimentary profiles. Notably, B [k] F remains

elusive and was not detected in any of the examined sediments.

The PAH concentrations in water samples from Fibiri, Adamkiri, and Okpokoma Dappa Creeks
span from 0.00 ppm to 0.11 ppm. In Fibiri, Ph dominated with the highest concentration at
0.11 ppm, while Ace prevailed in Adamkiri at 0.03 ppm, and Chr took the lead in Okpokoma
Dappa at 0.06 ppm. A sporadic detection pattern was observed, with Py (Fibiri) and Chr
(Okpokoma Dappa) appearing singularly. Conversely, B [b] F, B [kK] F, B [e] P, D [a, h] A, Ind,
B [g, h, i] P, and B [a] A remain undetectable in the water samples, further accentuating the

selectivity and differential distribution of PAHSs in the aqueous milieu.

An overarching trend emerges when comparing the concentration levels of PAHs in both
sediment and water samples across the three Creeks. The concentration levels exhibit a
descending order, signifying a diminishing trend from Fibiri to Adamakiri and ultimately to
Okpokoma Dappa. Consequently, Fibiri Creek emerged as the most heavily polluted among the
three, while Okpokoma Dappa Creek stood as the least polluted. This comparative assessment
not only provides valuable insights into the varying degrees of PAH contamination within these
aquatic ecosystems but also lays the foundation for informed environmental management

strategies tailored to the specificities of each Creek.
Concentrations of TPH Across the Three Creeks

The observed values for TPH in the sediment samples of Fibiri Creek (Fig. 5) exhibit a wide-
ranging spectrum, spanning from an insignificantly low 0.00 ppm to a striking 1751.88 ppm.
Notably, the n-C33 hydrocarbon dominates the sedimentary matrix with the highest
concentration level, underscoring its prevalence as a prominent constituent. In contrast, n-C38,
n-C39, and n-C40 display relatively lower concentration values, while n-C37 registered as the

hydrocarbon with the most minimal concentration.

The presence of other hydrocarbons was discernible, characterized by comparatively higher
concentrations, thereby illustrating the diverse composition of TPH in the sedimentary

environment.
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However, the TPH content within the water sample of Fibiri Creek

showed a distinct contrast.

The concentration values for TPH in the water sample exhibit a more constrained range,

fluctuating between 5.16 e-1 ppm and 11.32 ppm. This notable difference in concentration

ranges between sediment and water samples signified the dynamic partitioning and preferential

sequestration of hydrocarbons within these distinct environmental compartments. In the water

sample, n-C32 commands the highest concentration among the identified hydrocarbons, while

n-C36 registered the lowest concentration. Intriguingly, certain hydrocarbons, including n-C8,

n-C9, n-C37, n-C38, n-C39, and n-C40, remain undetectable in the water sample, pointing to a

selective presence and distribution of TPH components in the aqueous milieu.
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Fig. 5. Concentration of TPHSs in Fibiri Creek
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This pattern aligns with Adejumo and Adebayo [32], who reported that the higher concentrations

of TPH in the sediment samples compared to water samples can be attributed to the tendency of

hydrophobic compounds, such as petroleum hydrocarbons, to adsorb onto solid particles in

393



International Journal of New Chemistry, 2025, 12 (3), 384-400 Chidi Obi et al

sediment. This distribution pattern was also in line with the research conducted by Grmasha et
al. [33], who also reported elevated concentrations of hydrocarbons in sediment compared to
water in aquatic ecosystems. Further accentuating this divergence, it became evident that n-C37,
which manifests as the hydrocarbon with the lowest concentration in the sediment sample, was
conspicuously absent and remains undetectable in the water sample. This selective absence
emphasizes the intricacies of hydrocarbon behavior within different environmental
compartments, suggesting differential affinities and transport mechanisms for distinct TPH
components. The TPH values within the sediment samples in Fig. 6 revealed concentration levels
ranging from a modest 1.01 e-1 ppm-18.48 ppm. Among these values, the ascendancy of n-C21
as the hydrocarbon with the highest TPH concentration in the sediment was particularly
noteworthy. Conversely, n-C11 marks the lower end of the concentration spectrum, portraying
the sediment's intricate hydrocarbon composition. The presence of n-C11, n-C12, n-C13, n-C34,
and n-C35 in the sediment with low concentration values contributes to the overall diversity of
the hydrocarbon profile. However, the elusive nature of n-C36, n-C37, n-C38, n-C39, and n-C40
adds a layer of complexity, highlighting the selective presence and distribution of specific TPH

components within the sedimentary matrix [34- 35].

The concentration of TPH in water samples reveals a more constrained values ranging between
1.75 e-2 ppm-7.25 ppm. This narrower concentration span underscores the relatively lower TPH

levels in the water sample.

The dominance of n-C19 as the hydrocarbon with the highest concentration in the water
sample, juxtaposed with n-C32 registering the lowest concentration, adds another layer to the
nuanced hydrocarbon dynamics within the aqueous milieu. Notably, the absence of detection for
hydrocarbons ranging from n-C8 to n-C14 and n-C38 to n-C40 underscores the selective
presence and distribution of specific TPH components within the aquatic ecosystem. The marked
variations in concentration levels and detectability not only unveil the complex interplay of
environmental factors shaping TPH dynamics but also provide crucial insights for formulating
targeted environmental management strategies aimed at mitigating the impact of hydrocarbon

contamination within this vital ecological enclave.
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Fig. 6. Concentration of TPH in Adamairi Creek

A cross-examination of both sediment and water samples sourced from Adamakiri Creek
unveiled a spectrum of intricate hydrocarbon dynamics, marked by discernible patterns of

detection and concentration variances among specific aliphatic hydrocarbons [26].

The sediment sample concentration values of Okpokoma Dappa Creek in Fig. 7 span a range
from 3.13 e-2 to 13.74 ppm, providing a comprehensive overview of the diverse TPH
composition within this particular sedimentary matrix. Notably, n-C32 emerges as the dominant
hydrocarbon with the highest concentration, while n-C10 exhibits the lowest concentration
among the detected aliphatic hydrocarbons. The absence of detection for n-C8, n-C9, n-C37,
n-C38, n-C39, and n-C40 underscores the elusive nature of these hydrocarbons within the
sediment, potentially influenced by complex biogeochemical processes or their rapid degradation
in the environment. However, the concentration of TPH in water samples manifests within a
range from 1.19 e-2 ppm to 9.36 ppm, delineating a spectrum of relatively low concentration
levels as represented in Fig. 7. Similar to the sedimentary matrix, the water sample reveals the
absence of detection for specific aliphatic hydrocarbons, namely n-C8, n-C9, n-C12, n-C37,

n-C38, n-C39, and n-C40. This selective absence suggests potential differences in hydrocarbon
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transport, sorption, or degradation mechanisms between sediment and water compartments [36,
29, 37, 28]. This study observed the order of TPH concentrations across the three creeks as:
Fibiri > Adamakiri > Okpokoma Dappa.
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Fig. 7. Concentration of TPH in Okpokoma Dappa Creek

Following the hydrocarbon dynamics within Okpokoma Dappa Creek, this study sets the stage
for informed conservation efforts tailored to the specificities of the aquatic ecosystem,
emphasizing the need for a holistic approach in managing hydrocarbon contamination within

these environmental compartments.
Conclusion

The meticulous investigation conducted in this study has uncovered profound variations in the
concentrations of Polycyclic Aromatic Hydrocarbons (PAHSs) and Total Petroleum Hydrocarbons
(TPH) within the sediment and water samples extracted from Fibiri, Adamkiri, and Okpokoma

Dappa Creeks. Evidently, the sediment samples, particularly across the three distinct areas, have
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revealed an alarming degree of contamination, signaling the potential environmental impact of
anthropogenic activities. The 16-priority PAHs investigated in the three creeks revealed a
distinctive concentration gradient with Fibiri Creek emerging as the focal point of heightened
PAH levels, succeeded by Adamikiri and Okpokoma Dappa Creeks respectively. Interestingly,
Low Molecular Weight (LMW) PAHs were predominant, underscoring the pervasive influence
of petroleum-related activities. However, High Molecular Weight (HMW) PAHs were also
discernible, contributing to the complex PAH profile observed across the studied Creeks.
The unequivocal findings of this study underscore the presence of carcinogenic PAHs in the
contaminated sediment and water samples, which was obviously linked to oil and gas exploration
and production activities in the Bonny region. The discerned concentration levels of PAHSs in
both sediment and water samples served as a stark indicator of the substantial influx of
petroleum products and petrochemicals into the ecosystem. This study observed that the
industries, encompassing flow stations, gas plants, pipelines, and associated infrastructures, play
a pivotal role in shaping the current environmental scenario. The heightened concentrations of
both PAHs and TPH in the sediment and water samples raise significant health concerns for
individuals interacting with the affected water bodies. In light of these compelling findings, the
study underscores the imperative for strategic interventions, encompassing regulatory

frameworks, environmental monitoring programs, and remediation initiatives.
Lists of Abbreviations

Nap = Naphthalene

Acy = Acenaphthylene

Ace = Acenaphthene

Flu = Fluorene

An = Anthracene

Ph = Phenanthrene

Fle = Fluoranthene

Py = Pyrene

Chr = Chrysene

BbF = Benzol[b]fluoranthene
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e —————————————————————————————
BkF = Benzol[K]fluoranthene
BeP = Benzo[e]Pyrene
DbA = Dibenzo [a, h] anthracene
IdP = Indeno [1,2,3-c d] pyrene
B [g, h, i] P = Benzo [g, h, i] perylene
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