International Journal of Innovative Scientific & Engineering
Technologies Research 13(4):284-291, Oct,-Dec., 2025

W

© SEAHI PUBLICATIONS, 2025 www.seahipublications.org 1SSN: 2360-896X

doi:10.5281/zen0do.19418301

Ecotoxicological Consequences Of Oil Spills, Produced
Water, And Dredging In The Niger Delta: Implications
For Marine Engineering And Estuarine Resilience

Oyinkepreye Lucky Bebeteidoh! & * Tariwari C. N. Angaye?

1Department of Marine Engineering,
Faculty of Science,
Niger Delta University, Bayelsa State, Nigeria

2Toxicology Research Unit,
Department of Biological Sciences,
Niger Delta University, Bayelsa State, Nigeria
Corresponding Author: Email: tcnangaye@ndu.edu.ng
ABSTRACT
The study focuses on the ecotoxicological implications of Nigerian Niger Delta ecologically unsafe
alteration of petroleum plant and produced water discharge. Dredging activities will further be cited in
view of resilience of this estuarine and marine engineering. The Niger Delta is taken to be an estuarine
system sustaining mangroves, fisheries, and biodiversity, among many other livelihoods. However, real
possibilities of successive decades of petroleum exploration alongside various engineering activities that
have resized the region in chemical contamination and physical disturbance, have been generated. Qil
spillages continue to contaminate surface waters, soils, and forests; produced water brings inorganic
pollution with hydrocarbons, a high level of salinization, some heavy metals, and possibly heavier
treatment chemicals; while dredging results in raised turbidity and modifies the hydrodynamics as a result
of resuspension of contaminated sediment. The net result of these stressors is discernable as lowering
water and sediment quality, disrupting the fabric and frame of mangrove and wetland, reducing
biodiversity, and besides increasing contaminant bioaccumulation in fish and shellfish-increasing. They
have, again, worsened the vulnerability of built structures to engineering deficiencies: corrosion, pipeline
breakdowns, operational constraints in both swamp and offshore facilities, slope erosion, dropping
infrastructure resilience. Findings reveal that environmental alterations and engineering failure are
mutually supportive. Consequently, the study promotes a framework connecting ecotoxicology with
marine engineering by further promoting remediation, long-term monitoring, re-enforcement of baseline
controls, and enhancement of dredging and disposal processes.
Keywords: Niger Delta, Marine Engineering, Ecotoxicology, Qil Pollution, Produced Water Discharge

1. INTRODUCTION

The Niger Delta is one of the giant, complex deltaic systems on earth. It stretches across a large expanse
of river, creek, estuarine, and wetland networks along Nigeria's Atlantic coast (Raimi, 2020). This is a
very productive coastal area and supports biodiversity, fisheries, agriculture, transportation, and other
livelihood systems that are essential for regional and national development (Omoogun et al., 2021).
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Despite its importance, decades of oil and gas exploitation have resulted in massive environmental
degradation. Oil and produced water discharge and dredging operations have led to an overall decline in
water quality, habitat loss, the depletion of biological diversity, as well as ecosystem dysfunction (Raimi,
2020; Akpan, 2022).

The pollution caused by oil is yet another major problem with adverse environmental consequences in the
locality. Repeated incidents of spills have aggravated the erosion of the mangroves, the decline of the
fishery activity and the accumulation of hydrocarbons and metallic contaminants into the aquatic fauna
(Omoogun et al., 2021; Aransiola et al., 2024). These stressors do not act alone but rather interact with
one another, shattering ecological resilience and threatening the survival of individuals reliant on
estuarine resources (Ewim et al., 2023).

Estuaries and mangroves in the Niger Delta harbour some of the most important ecological processes
associated with nutrient cycling, shore stabilization, and shelter for nurseries of fishes and shellfish
(Numbere, 2020). Yet they are so susceptible to man-induced pollution and physical disturbance through
drilling, pipelines, dredging, and channel modifications (Raimi, 2020). These environmental factors
manifest as oil spills incurring aquatic organisms and persisted in sediments, produced bactericidal effect
with salts, hydrocarbons, and metal that adversely affect aquatic life, and even dredging changes
hydrodynamics while resuspending contaminated sediments (Gazali et al., 2017; Raimi, 2020; Akpan,
2022). The same pollution has created big challenge forms in engineering like the corrosion of pipelines,
unstable foundations, and liabilities for poor infrastructure in these highly unstable but transient swamp
ecosystems. Therefore, it is quintessential to combine ecotoxicology and marine engineering whereby
through identification of pollutant pathways coupled with remediation, the exposure risk can be
minimized and positive sustainable practices being undertaken in the Niger Delta (Omoogun et al., 2021).

2. THE NIGER DELTA ESTUARINE ENVIRONMENT

The Niger Delta estuarine environment is a dynamic coastal zone wherein freshwater from River Niger
mixes with Atlantic saline water to create a complex network of creeks, tidal channels, mudflats, marshes,
and mangrove forests (Abam & Fubara, 2022; Raimi, 2020). Driven by seasonal river flow, rainfall, tides,
sediment transport, salinity, and nutrients, estuaries are highly productive and ecologically important
areas. They permit nutrient cycling, maintain stability and habitat for various fish species and
invertebrates, and thus, support activities like fishing, transport, commerce, agriculture, mangrove wood
extraction, and oil and gas exploration that are key to the local economy (Omoogun et al., 2021).
Although the region is rich in resources, its estuaries are shallow, fragile, and interconnected, and as such,
these resources in return are susceptible to devastation at the hands of pollution, dredging, oil spills, and
other disturbances from human activities (Raimi, 2020).

3. MAJOR POLLUTION AND DISTURBANCE SOURCES

The Niger Delta is beset with severe, interconnected conflicts arising from years of petroleum exploration
and engineering activities on the coast. The damage to estuarine waters, sediments, and mangrove
systems has become overwhelming (Omoogun et al., 2020; Ewim et al., 2023). Majorly introduced via
blowouts, oil spills, gas flares, and other forms of pollution have accursed nature through petroleum
activities (Barima et al., 2012; Omoogun et al., 2014). These pollutants, along with clean, cold, and
hypersaline discharges, kill wildlife and disturb flora, fauna, and natural restorative processes of estuarine
systems (Unitristream, 2005). Qil spill levees are particularly distressing because their effects are long-
standing, affecting across multiple spatial scales while creating confusion in ecosystems and ecologies
(Bayo-Otsola, 2019; Erigbe et al., 2021). Many risk-assessment frameworks are adapted from forests in
the Western world, leaving a mismatch of ecological realities of the Niger Delta.

3.1 Oil spills

Oil spills are among the major deadliest and most visible sources of pollution in Niger Delta estuaries.
These spills are typically due to pipeline corrosion, pipeline, ship operational accidents, illegal bunkering,
blowouts, and tanker incidents (Nwokedi & Nnadi, 2018; Akpan, 2022; Olaifa et al., 2022). Once in a
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water spill, crude oil will rapidly spread across the surface, topographically cloak vegetation, move into
the sediments, and reduce oxygen exchange; all these contribute to substantial damage of both immediate
and long-term character (Akpan, 2022). One scenario | reckon is of oil persisting in the gusts of sediment,
where turbidity depends on how well oxygenated the soils are, seeping out into mangrove zones to be
canceled out by the variations of current and tides (Akpan et al. 2019). This affects fish, benthic
organisms, phytoplankton, and mangroves by smothering, toxicity, interruption of feeding, and
reproduction (Bello & Amadi, 2019). Continued oil leakage associated negatively with water supplies,
reduction in fish pond activation, and erosion of ecosystem services supporting local livelihood (Bodo &
Gimah, 2020). In light of the above, oil spills are a great challenge to estuary management, habitat
restoration, and resilient marine engineering in the Niger Delta (Nwokedi & Nnadi, 2018).

3.2 Produced water discharge

Produced water is a significant contaminant linked to oil and gas extraction in the Niger Delta region. It
accounts for the biggest waste stream of the hydrocarbon extraction operation (Gazali et al., 2017). The
water contains dissolved and dispersed hydrocarbons, salts, treatment chemicals, and trace metals. When
the produced water is released into estuarine and nearshore waters untreated or improperly managed, it
alters water chemistry, inducing constant stress on aquatic organisms (Gazali et al., 2017; Amakiri et al.,
2022). Unlike oil spills, which can be of a rather episodic and occasional nature, the discharge of
produced water can be incessant, bringing about long-lasting ecological consequences (Opete et al.,
2019). High salinity and toxic constituents may affect the growth, the reproduction rates, and the survival
of fish, zooplankton, and benthic invertebrates (Gazali et al., 2017). When the estuary enjoys modest
flushing capability, the adverse impact continues to be protracted with further deposition of contaminants
in sediments accentuating ecological disturbance to include benthic communities and food webs (Gazali
etal., 2017; Opete et al., 2019).

3.3 Dredging and sediment resuspension

While dredging is essentially a familiar practice in the Niger Delta for channel maintenance, pipeline
routing, port access, and oil-related infrastructural development, the operation's harmful ecological
impacts upon hydrology, sediments, and habitat structure are many (Adekunbi et al., 2018; Raimi, 2020).
Sediment dredging excites tiny particulates into suspension, raising turbidity, reducing light penetration,
and hence limiting photosynthesis and primary production (Adekunbi et al., 2018; Numbere, 2020). These
alterations may defeat the process of feeding, respiration, and reproduction in most of the aquatic
population whereas the deposited sediments might suffocate the benthic habitat (Raimi, 2020). In the
meantime, dredging often rearranges flow paths, salinity gradients, and shoreline dynamic conditions and
so weakens the estuarine buffer against physical shocks (Adekunbi et al., 2018). A more imminent
problem is the release of persistent pollutants trapped in the contaminated sediments, reintroducing toxic
substances into biologically active zones and further intensifying ecological stress (Raimi, 2020; Abam et
al., 2023). As a consequence, the impacts of dredging could well extend over a longer space, deeply
affecting biodiversity, fisheries, and the sustainability of marine only infrastructure (Raimi, 2020).

3.4 Associated heavy metals and hydrocarbons

Heavy metals and hydrocarbons are chronic contaminants that contribute to the pollution of the Niger
Delta. They come from crude oil spills, produced water, drilling waste, industrial effluent, shelving
infrastructure, and contaminated sediments (Olufemi et al., 2020; Anyanwu et al., 2023). The substances
for hydrocarbon contamination include the most toxic and long-lasting components in petroleum; the
common metals include cadmium palladium and zinc (Gazali et al., 2017; Numbere, 2020). These
pollutants are liable to accumulating in water, soil may enter the food web through prey or direct uptake
(Numbere, 2020; Anyanwu et al., 2023). Fish and other organisms from the mangroves have been known
to have experienced physiological stress, reproductive deficiencies, morphological abnormalities, and
even changes in community structure (Olufemi et al., 2020). These estuaries serve as sinks for
contaminants, hence prolonging exposure, thereby making monitoring and restoration a heavy task
(Anyanwu et al., 2023). The combined actions of metals and hydrocarbons hence threaten the health of
the ecosystem, fisheries, biodiversity, and sustainable marine engineering of the region (Numbere, 2020).
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4. ECOTOXICOLOGICAL CONSEQUENCES
The Niger Delta experiences a wide range of linked ecotoxicological effects due to pollution and physical
disturbance (Numbere, 2020; Ogomide et al., 2023). In their assessment of the ecosystem risks presented
to the many components of the estuarine system simultaneously, these include water chemistry, sediment
quality, vegetation, and aquatic organisms (Gazali et al., 2017; Raimi, 2020; Akpan, 2022). Because these
estuaries are shallow, highly productive, and hydrologically active, contaminants can spread and
accumulate rapidly in both dissolved and sediment-bound forms (Vistoreka et al., 2015). Such impacts
reduce ecosystem resilience and impair the basic functions in sustaining biodiversity, fisheries, and
shoreline protection (Olufemi et al., 2020). Effects of pollution on the estuary resilience were seriously
discussed (Numbere, 2020). Table 1 below gives a summary of the ecotoxicological effects;

Table 1: Summary of Ecotoxicological Consequences in Niger Delta Estuaries

Component Concise context Relevant citations
Overall Pollution and physical disturbance cause | Numbere, 2020; Anyanwu et al.,
ecotoxicological interconnected damage to water, sediments, | 2023; Gazali et al., 2017; Raimi,
consequences vegetation, and aquatic life. Contaminants | 2020; Akpan, 2022; Olufemi et
spread quickly, persist in estuaries, and | al., 2020
weaken biodiversity, fisheries, and shoreline
protection.
Effects on water | Oil spills, produced water, and dredging | Adekunbi et al., 2018; Akpan,
quality reduce oxygen, alter salinity and chemistry, | 2022; Amakiri et al., 2022;
and increase turbidity. These changes stress | Ewim et al., 2023; Gazali et al.,
aquatic life, disrupt food webs, and reduce | 2017; Raimi, 2020; Opete et al.,
nursery habitat quality. 2019; Olufemi et al., 2020;
Anyanwu et al., 2023
Sediment Estuarine sediments store hydrocarbons, | Numbere, 2020; Anyanwu et al.,

contamination

heavy metals, and industrial residues. These
pollutants persist, expose benthic organisms,
and can be re-released by tides, storms, or
dredging, slowing recovery.

2023; Ewim et al., 2023; Abam
et al., 2023; Raimi, 2020

Impacts on
mangroves and
wetland vegetation

Oil, produced water, and dredging damage
mangroves by restricting gas exchange,
increasing salinity, and altering hydrology and
sediment balance. This causes dieback, habitat
loss, weaker shoreline protection, and reduced
carbon storage.

Akpan, 2022; Aransiola et al.,
2024; Bello & Amadi, 2019;
Gazali et al., 2017; Ola et al.,
2024; Adekunbi et al., 2018;

Numbere, 2020

Bioaccumulation in
fish and shellfish

Fish and shellfish absorb pollutants from
water, food, and sediments. Contaminants
build up in tissues, impair health, move
through food webs, and raise seafood safety
concerns.

Numbere, 2020; Anyanwu et al.,
2023; Olufemi et al., 2020;
Udofia et al., 2021; Gazali et al.,
2017; Bodo & Gimah, 2020

Effects on benthic
organisms and
biodiversity

Benthic organisms face direct exposure to
polluted sediments, oxygen depletion, and
habitat disturbance. Their decline reduces
biodiversity, disrupts ecosystem functions, and
weakens estuarine resilience.

Numbere, 2020; Raimi, 2020;
Olufemi et al., 2020; Anyanwu
et al., 2023; Adekunbi et al.,
2018; Abam et al., 2023
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5. MARINE ENGINEERING IMPLICATIONS

Marine engineering in the Niger Delta operates within a fragile estuarine environment shaped by
pollution, hydrodynamic instability, and ecological degradation, all of which affect infrastructure
durability, safety, and long-term performance (Raimi, 2020; Amadi et al., 2022). Oil spills, produced
water discharge, and dredging contribute to corrosion, sediment instability, salinity fluctuations, and
erosion, thereby accelerating asset deterioration and increasing maintenance costs (Ifowodo et al., 2021).
Engineering structures are continually exposed to corrosive brines, microbial activity, unstable substrates,
and shoreline retreat, conditions that can lead to structural failure and further environmental damage
(Amadi et al., 2022). Marine engineering in the region must therefore integrate ecological understanding
with technical design to improve resilience and support sustainable operations under dynamic estuarine
conditions (Raimi, 2020). Table 2 x-rays the marine implication.

Table 2: Marine Engineering Implications in the Niger Delta

Marine engineering | Concise context Relevant citations

implication
Pipeline failure and | Estuarine pipelines face high corrosion risk from | Amadi et al.,, 2022;
corrosion salinity, flooding, sediment abrasion, and microbial | Ifowodo et al., 2021
activity. This increases leakage, failure, and
maintenance costs.
Offshore/swamp Offshore and swamp facilities operate on weak, | Okonicha &
facility operations flood-prone, saline terrain. These conditions | Okwuanaso, 2024,

complicate construction, access, maintenance, and
long-term performance.

Amadi et al., 2022

Dredging design and
management issues

Poorly managed dredging can alter bathymetry,
destabilise structures, resuspend contaminants, and
damage benthic habitats. Effective planning is
essential to reduce engineering and environmental
risk.

Abam et al., 2023;
Raimi, 2020; Lisi et al.,
2016; Adekunbi et al.,
2018

Shoreline  stability
and erosion concerns

Shoreline erosion threatens pipelines, causeways, and
other coastal infrastructure. Sustainable control
requires both engineering protection and conservation
of natural buffers.

Afolabi & Darby, 2022;
Abam et al., 2023;
Numbere, 2020; Raimi,
2020

Implications for | Infrastructure resilience depends on limiting | Ifowodo et al., 2021;
infrastructure corrosion, scour, ecological degradation, and | Sholanke et al., 2021
resilience hydrological stress. Strong design must be supported

by monitoring and ecosystem protection.

6. ESTUARINE RESILIENCE AND MITIGATION STRATEGIES

Estuarine resilience in the Niger Delta implies the ability of coastal, and wetland systems have the
capacity to absorb disturbance, recover from ecological functions, and ultimately support biodiversity,
livelihoods, and infrastructure under repeated stress from oil spills, produced water discharge, dredging,
shoreline instability, and habitat loss (Sholanke et al., 2021). In this context, resilience cannot be achieved
through isolated environmental measures or engineering solutions alone. It requires an integrated
approach that combines remediation, restoration, monitoring, and improved operational practice
(Numbere, 2021). Since estuarine systems are highly dynamic, the welfare will depend upon addressing
both the prevailing damage and the continuing interaction between ecological degradation and
infrastructure hazards. Strengthening resilience is therefore essential not only for ecosystem recovery but
also for safer and more sustainable marine engineering in the Niger Delta (Sholanke et al., 2021). Table 3
shows estuarine resilience and mitigation strategies in the Niger Delta.
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Table 3: Estuarine Resilience and Mitigation Strategies in the Niger Delta

Section | Resilience / | Concise context Relevant citations
mitigation
strategy

6.1 Remediation and | Remediation removes or contains pollutants, | Numbere, 2021; Akpan,
restoration while  restoration  rebuilds  mangroves, | 2022; Ola et al., 2024;

wetlands, and hydrological links to support | Numbere, 2020
ecological recovery and shoreline stability.

6.2 Improved Monitoring tracks water quality, sediment | Anyanwu et al., 2023;
monitoring condition, vegetation health, and infrastructure | Numbere, 2020;
systems risk. Integrated field, remote sensing, and | Ifowodo et al., 2021

sensor systems improve early detection and
adaptive management.

6.3 Engineering Engineering controls reduce pollution release | Ifowodo et al., 2021,
controls and improve infrastructure durability through | Amadi et al., 2022;
resistant materials, protective systems, leak | Sholanke et al., 2021

detection, containment, and site-adapted

design.

6.4 Sustainable Sustainable dredging and discharge control | Lisi et al., 2016; Raimi,
dredging and | reduce sediment disturbance, pollution spread, | 2020; Abam et al.,
discharge habitat damage, and shoreline instability | 2023; Gazali et al.,,
management through careful planning, treatment, and | 2017; Amakiri et al.,

monitoring. 2022

7. KNOWLEDGE GAPS AND FUTURE DIRECTIONS

Environmental degradation in the Niger Delta has created serious concern; this is marked by many gaps in
knowledge that limit effective understanding and response. That said, some gaps that deserve special
mention are in the subject of ecotoxicological studies that address marine systems within the frame of
environmental engineering. Even as one may acknowledge that pollution, habitat disturbance, and
infrastructure performance are closely inter-related in estuarine systems, the body of literature is discreet
in treating oil pollution, dredging, corrosion, habitat loss, and resilience as apart from each other, and such
situations are excellent candidates for creating cumulative and synergistic impacts with detrimental
environmental consequences. Long-term monitoring programs are crucial for assessing the effects of
water quality, sediment contamination, biodiversity, and infrastructure conditions, as short-term
assessments will entirely miss delayed or cumulative impacts. It would be wise, for the purpose of further
research, to apply an interdisciplinary combinatorial format that joins contaminant fate and transport,
biological responses, engineering design, and management practice into one single dataset. Site-specific
studies, predictive risk assessment, and policy measures should focus on issues related to strengthen
environmental regulation, monitoring, restoration planning, and engineering safeguards.

CONCLUSION

Efforts to curb pollution from oil spillage, produced water discharge, dredging, hydrocarbon and metal
contamination, among other detrimental influences, have to be pursued in the Niger Delta estuary.
Together, these stresses deteriorate water quality, sediments, mangroves, and wetlands, thus reducing
other species. These activities also affect the fishery by diminishing fish and shellfish populations. The
impacts of these activities overflow into the broader domain of marine engineering, which includes
pipeline corrosion, facility stability, and shoreline erosion, as well as increased risks due to dredging,
reducing infrastructure resilience. There is enough evidence to suggest that ecotoxicological degradation
and engineering vulnerability in the Niger Delta are close-knit and that addressing either problem in
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isolation of the other will not work. Future planning and management need to be oriented toward
integrating ecotoxicology and marine engineering into a one common framework, a framework that
supports the agenda on environmental sustainability, adaptive governance, and ecosystem restoration to

ensure

prevention of pollution against eyesore, and infrastructure durability. This approach is for

sustainable development of the Delta, thus promoting estuarine resilience, safeguarding livelihoods, and
protection of the environment.
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