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SUMMARY

Crude oil, a highly hazardous chemical, is composed of up to 10,000 distinct hydrocarbons,
posing significant risks to aquatic life. This review focuses on assessing both short- and long-
term impacts of crude oil on aquatic ecosystems, including its effects on diversity, food webs,
and ecological balance. The review also highlights sources of crude oil, its composition, and
its transportation and fate within aquatic environments. Major sources of oil spills in aquatic
ecosystems stem from oil exploration, transportation, and refineries. Various factors, such
as oil weathering processes (e.g., evaporation, dissolution, emulsification, biodegradation,
sedimentation, and photooxidation), physio-chemical changes (including partitioning,
adsorption, sorption, hydrolysis, oxidation, volatilization, and emulsification), and
environmental conditions (like oxygen levels, sediment presence, water currents, salinity,
wave action, and temperature), influence the fate and transport of crude oil within aquatic
ecosystems. In Nigeria, short- and long-term impacts of crude oil spills include immediate
environmental damage, loss of livelihoods, degradation of ecosystems, disruption of food
webs, and loss of aquatic biodiversity. Remediation efforts primarily rely on physical,
chemical, and biological methods to mitigate the effects of oil spills. The damages inflicted by
crude oil on human health and ecological systems are manifold, encompassing respiratory
problems, skin irritations, cancers, neurological effects, habitat destruction, disruption of
food chains, and loss of ecosystem services. These consequences highlight the urgent need
for effective prevention, response, and remediation strategies to safeguard aquatic
environments and human well-being from the adverse effects of crude oil contamination.
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INTRODUCTION

Continuous monitoring of the aquatic
environment aims to enhance
understanding of pollution effects and
mitigate their impacts. The consequences
of crude oil spills on marine ecosystems
are extensively documented, with the
severity of impacts influenced by spill
volume, receiving water characteristics,
and the nature of the petrochemical
involved. Lighter petroleum products
exhibit less  persistence in the
environment compared to crude oil [1].
Following the 1989 Exxon Valdez oil spill
in Prince William Sound, Alaska, mortality
of marine invertebrates resulted from a
combination of chemical toxicity and
smothering. It is estimated that 100,000~
300,000 birds died from exposure to oil.
However, long-term effects persist due to
the unexpected persistence of toxic
subsurface oil and chronic exposures,
affecting wildlife even at sub-lethal levels
[2].

Weathered oil in aquatic environments
poses a significant threat to lifeforms, as
toxic effects can cascade across trophic
levels. Ecologically, crude oil can alter the
structure and function of both freshwater
and marine food webs (e.g, through
mortality, retarded succession, and
retrogression)

Research on crude impacts on freshwater
invertebrates is limited but suggests
similar impacts to marine environments
[3]. Previous studies by Woodward et al,
[4] primarily focus on acute spills in
temperate streams or laboratory toxicity
tests. These studies indicate high
sensitivity of stream invertebrate
assemblages to petroleum products, with
significant reductions in abundance and
taxonomic richness downstream from
spills. Recovery following clean-ups
occurs within a year for species
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assemblage assessments, but individual
species' recovery is slower.

Woodward et al, [4] also reported certain
freshwater invertebrates, such as Baetis
and Isoperla, exhibit high sensitivity to oil
exposure, with significant mortality
observed at low concentrations. Studies
on petroleum spill effects in tropical
aquatic ecosystems are scarce, but
reductions in benthic invertebrate
abundance and diversity have been
reported in Nigerian streams affected by
refined petroleum spills. Similar findings
are noted for small spills in the Niger Delta
ecosystem [5]. This review focus on
assessing the short- and long-term impact
of crude oil on aquatic diversity, food web
and ecological diversity of the aquatic
ecosystem. In addition, we highlighted
crude oil sources, its composition, and it
transport and fate in the aquatic
ecosystem.

Sources of crude oil pollution in Aquatic
ecosystem

Crude oil pollution in aquatic ecosystems
can occur through various sources and can
have detrimental effects on the
environment. Anthropogenic activities
such as oil exploration, transport, and
manufacturing in refineries near coastal
regions contribute to oil pollution in
marine ecosystems [6]. The spill of crude
oil from both artisanal and government-
owned refineries is a recurrent issue in
areas like the Niger Delta, leading to
devastating effects on the aquatic
ecosystem [7]. Industrial wastewater from
the oil industry can also contain organic
toxic compounds such as polycyclic
aromatic hydrocarbons (PAHs) and
phenolic compounds, which pose a danger
to the aquatic ecosystem [8]. Additionally,
contamination of soil and aquatic
ecosystems by petroleum hydrocarbons
(PHs) is a serious global issue, with PHs
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being highly toxic, mutagenic, and

carcinogenic in nature [5].

Extraction 3%

Consumption
38%

Fig.1. Sources of crude oil in the aquatic
ecosystem
Source: (Michel and Fingas, 2016)

The Chemical composition of crude oil

Petroleum is a naturally occurring, toxic,
heterogeneous, complex organic
compound mixture of hydrocarbons. Its
mass spectrometry revealed over 17,000
distinct chemical compounds, including
cycloalkanes, mono- and polycyclic
aromatic hydrocarbons, and general
alkanes with different chain lengths and
branch points. Some molecules have an
abundance of sulfur, oxygen, and nitrogen,
whereas phosphorus and heavy metals
like nickel and vanadium are infrequently

detected [2,9]. Their biodegradation
capability and environmental fate
fluctuate because to the significant

variations in the chemical and physical
characteristics of oil components (such as
solvability, viscosity, capacity to absorb,
and similarly variable in its toxicity and
bioavailability).

Petroleum hydrocarbons are classified
into four broad classes: Resins (Amides,
Sulfoxides, Carbazoles, Quinolines,
Pyridines), Saturated, Aromatics, and
Asphaltenes (Porphyrins, Esters, Ketones,
Fatty Acids, Phenols). The crude oil
mixture was shown in Fig. 2. Light oils
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have larger concentrations of more polar
chemical components such asphaltenes
and resins as well as saturated and
aromatic hydrocarbons [10].

r— Fatty acids

— Ketones
— Porphyrins
" Esters
= Phenols

 Sulfoxides
= Carbazoles
t— Quinolins
F— Pyridines
— Amides

Fig. 2 The Chemical composition of crude
oil
Source: (Hassanshahian et al, 2020)

Transport and Fate of crude oil in the
aquatic ecosystem

The mechanisms of transport and fate of
crude oil in the aquatic ecosystem are
influenced by various factors such as oil
weathering processes, physico-chemical
changes, and environmental conditions
[11]. When oil is spilled, it undergoes
weathering processes that determine its
fate, including evaporation, oxidation,
dissolution, spreading, accumulation, and
biodegradation [8]. In marine
environments, hydrocarbon fractions of
spilled o0il can selectively undergo
evaporation, oxidation, and dissolution
into the water table, as well as
biodegradation by microorganisms [12].
The solubility behavior of hydrocarbons in
seawater can lead to their dispersion in
soluble, solubilized, and particulate states
[13]. The transport and fate of crude oil in
reservoirs can be simulated using
proactive spill modeling methods, which
consider dissolution trends and water
quality impacts [14].
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Impact of crude oil pollution on marine
and fresh water bodies

Crude oil pollution has a significant impact
on aquatic water bodies. It can lead to
abnormal changes in the chemical,
physical, and biological properties of the
environment, affecting the ecological
balance of nature [15]. Oil spills, especially
in marine ecosystems, can have
deleterious effects on aquatic organisms,
including respiration, feeding, spawning,
and thermoregulation [16]. The spillage of
oil can also be lethal to humans, fish, birds,
cattle, and wildlife, both through direct
contact and consumption of polluted food
[17]. Additionally, oil pollution can disrupt
the global food chain and cause economic
losses to farmers and governments [8].
The effects of crude oil pollution on
macrophyte assemblages in rivers have
been studied, with higher diversity and
abundance observed in less polluted areas
[18]. Petroleum hydrocarbons, such as
total petroleum hydrocarbons (TPHs), are
highly toxic and can cause sublethal and
lethal effects on microorganisms, plants,
and animals in both terrestrial and aquatic
ecosystems.

Effects crude oil pollution on aquatic
organisms

Fish

Exposure to crude oil can lead to
haematological changes in fishes, such as a
decrease in red blood cell count, packed
cell volume, haemoglobin, and an increase
in mean corpuscular haemoglobin
concentration [19]. It can also cause a
decrease in white blood cells, making
fishes more susceptible to stress and
infection [20]. Additionally, crude oil
exposure can result in histopathological
alterations in the heart of fishes, leading to
cardiac dysfunction [21]. Furthermore,
fishes in oil-polluted water can accumulate
Polycyclic Aromatic Hydrocarbons (PAHs)
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in their flesh and organs, posing a high
health risk for consumers [22]. Larval and
juvenile fishes exposed to crude oil may
experience developmental defects, growth
stunting, and suppressed immunity, with
limited ability to recover even after being
transferred to clean water [23].

Aquatic invertebrates

The release of oil into the environment,
especially in marine ecosystems, can have
severe impacts on the survival and
functioning of aquatic invertebrates
[15,24]. Oil spills can disrupt the buoyancy
of surface-dwelling aquatic insects, such as
water striders, which rely on fine-hair
microstructures to remain buoyant [25].
The toxicity of petroleum hydrocarbons
(PHs) in aquatic systems can be
particularly harmful to benthic organisms,
including mussels, oysters, crabs, and
cockles, which ingest oil-bound
particulates [8]. The bioavailability of PHs
plays a crucial role in their toxicity, with
hydrophilic PHs being more bioavailable
and causing sublethal or lethal effects in
organisms [26].

Plankton

The pollution caused by crude oil has
substantial impacts on the populations of
plankton, which are critical organisms in
aquatic ecosystems. At the time of crude
oil and gas condensate spills happening in
marine sediments, they create a sequence
of alterations in the characteristics of the
sediments themselves. These spills result
in raised amounts of organic carbon and
heightened concentrations of polycyclic
aromatic hydrocarbons (PAHs), which are
harmful substances derived from crude oil
[27]. In addition, the spills also have a
detrimental effect on the biomass of
benthic autotrophic microbes, which are
indispensable for the ecological balance of
the  sediments. Interestingly, the
abundance of heterotrophic bacteria
remains unaffected by the spills, while
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their production actually increases. This
finding suggests that the spills may have a
selective impact on different microbial
groups within the sediments [28].

A study conducted in the Gulf of Mexico
has revealed that crude oil exposure has
profound effects on phytoplankton
communities, which serve as critical
primary producers in marine ecosystems.
The exposure to crude oil changes both
individual phytoplankton species and the
overall community structure. Diatoms, a
type of phytoplankton, appear to exhibit
better tolerance to crude oil compared to
dinoflagellates, another type of
phytoplankton [29]. This observation
highlights the differential responses of
different phytoplankton groups to crude
oil pollution. Furthermore, the exposure to
crude oil triggers the activation of reactive
oxygen species within phytoplankton
cells, leading to oxidative stress and
damage to lipid structures. This oxidative
stress can have detrimental effects on the
overall health and functioning of
phytoplankton, which are essential for
maintaining the stability of marine
ecosystems [30].

In oligotrophic coastal waters, the
addition of crude oil has been found to
have contrasting effects on different
components of the microbial community.
Specifically, the addition of crude oil leads
to a decrease in phytoplankton biomass
and production rates. This decrease can be
attributed to the toxic effects of crude oil
on phytoplankton cells, as well as the
reduced availability of nutrients due to the
presence of oil [31]. However, in contrast
to the negative impact on phytoplankton,
the abundance and production of
heterotrophic bacteria actually increase in
response to the addition of crude oil. This
increase in bacterial activity may be
attributed to the availability of organic
carbon and other compounds derived
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from crude oil, which serve as an energy
source for bacteria [31].

Birds

Particularly in aquatic environments,
birds are frequently the most noticeable
members of the biota impacted by oil
spills. Fouling of feathers and ingestion are
the two main ways that birds are exposed
to oil. When birds come into touch with oil
slicks on the ocean or along shorelines,
their feathers get contaminated [32]. For
seabirds, this is especially harmful since
greasy feathers reduce insulation and
buoyant capabilities. Once greased, a bird
rapidly loses body heat, particularly at sea,
potentially leading to death. Oiled sea
birds may remain on land, where their
temperature loss is less severe. Birds may
clean their plumage by preening and, in
doing so, may ingest some of the oil; birds
may also ingest oil by eating oiled prey.
Three categories of toxic effects can result
from oil ingestion: (1) reduced
reproduction; (2) destruction of red blood
cells leading to anemia; and (3) increased
stress resulting in an increased
susceptibility to disease. By doing so,
however, the birds are removed from their
source of food and may die of starvation or
predation [33].

Birds that have been contaminated may
provide oil to their eggs or young. It has
been discovered that the young in an egg
may be killed with just a few droplets of
fresh oil. Even in cases when birds
consume very little oil, they may cease to
produce eggs or deposit fewer of them.
The eggs' capacity to hatch may also be
impacted by a tiny bit of oil. The birds that
spend a lot of time in the water, dive for
food, migrate and overwinter in dense
flocks, congregate in nesting colonies, or
have small populations (thus classified as
endangered or threatened) are the most
vulnerable to the effects of oil spills [34].
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Marine mammals

The effects of oil spills on marine and other
aquatic mammals vary with species. A few
factors that affect marine mammals’
sensitivity to oil exposure are whether
they rely on fur or blubber for
thermoregulation, whether they form
dense groups on land or in the water, how
and what they feed, and the risk of
inhalation. Seals, sea lions, and walruses
are particularly vulnerable to oiling
because they haul out, often in very large
numbers, on the shorelines of small
islands, rocks, or remote coasts with few
options for new territory [32]. For
instance, 30,000 walruses were hauled out
ona 1.6 km stretch of beach in the Chukchi
Sea, Alaska, in 2011. Young seals and sea
lions that are externally oiled usually die
from lack of coat development, which
prevents them from being adequately
insulated. Mothers may choose not to feed
their children when they are greased since
oil is frequently absorbed or consumed
[10].

When whales, dolphins, and porpoises rise
to breathe, they may come into contact
with oil in the water column or on the
surface. Despite this, it has been
impossible to tell if these species died as a
result of the spill. This is likely due to a
combination of circumstances. However,
most spills do not pose a substantial harm
to these species. Oil does not attach to the
skins of these creatures, and because they
are very mobile, they are unlikely to be
exposed for an extended length of time
[35].

Polar bears are attracted to oil,
particularly lubricating oil, which they will
drink. They spend a lot of their time near
or in water, swimming between ice floes
and hunting seals, so there is a moderate
risk of oiling. However, polar bears can
ingest oil while grooming themselves,
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which can lead to death or severe illness.
[32,36].

Long term impact of crude oil pollution the
aquatic ecosystem

Impact on food web

Crude oil pollution can exert substantial
impacts on the intricate networks of
interactions that constitute food webs.
Numerous research  studies have
illuminated the negative outcomes that
exposure to crude oil can bring about in
various organisms, including gelatinous
zooplankton [37]. These creatures, which
have a vital function in marine food webs,
possess the capacity to accumulate PAHs
from crude oil, potentially transferring
these contaminants to higher trophic
levels in the ecosystem [38]. Moreover,
copepods, serving as yet another pivotal
constituent of marine ecosystems, have
been observed to ingest minute droplets of
crude oil, thereby indicating that the
pollution stemming from this resource can
indeed infiltrate marine food webs
through this particular pathway [39]. The
use of stable isotopes and radioisotopes as
analytical tools, is capable of providing
invaluable insights into the occurrence of
trophic shifts and the assimilation of
petrocarbon within marine food webs
[40].

Impact on ecological changes

Crude oil pollution has the potential to
induce abnormal modifications in the
chemical, physical, and biological
properties of the surrounding
environment, consequently yielding a
discernible impact on the delicate
ecological equilibrium that characterizes
the natural world [15].Instances of oil
spills, whether originating from oil
exploration activities, transportation
processes, or even artisanal refineries,
inflict severe and devastating
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consequences upon the fragile aquatic
ecosystem, with various organisms such as
fish, crustaceans, mollusks, and other
living entities bearing the brunt of such
deleterious incidents [7]. The inherent
toxicity associated with crude oil is
instrumental in instigating sublethal and
lethal outcomes for the aquatic organisms,
thereby causing disruptions in their cell
membranes and central nervous systems,
which are vital for their overall
functioning and survival [8].
Consequently, the introduction of oil
pollution into the aquatic milieu inevitably
disrupts the patterns pertaining to growth
and reproduction within organisms, giving
rise to anatomical complications, and
elevating their susceptibility towards
hypothermia, a potentially pernicious
condition [41]. Both accidental land-based
oil spills and those occurring within the
marine environment prove to be highly
detrimental to the intricate web of
microbial communities, fish,
invertebrates, seabirds, marine mammals,
and phytoplankton, thereby threatening
the overall stability and health of these
ecosystems [24].

Remediation strategies

Physical methods

Physical strategies for remediating crude
oil pollution in aquatic ecosystems
encompass various approaches, one of
which involves the utilization of
nanomaterials such as pure anatase
titanium nanoparticles (n-Ti02) [42]. It
has been determined that these
nanoparticles possess the capacity to
effectively diminish the levels of DNA
damage that result from the presence of
crude oil pollutants [43]. Another physical
method employed in the remediation
process is the application of biochar, a
highly porous carbonaceous material,
which can be combined synergistically
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with microbes and biosurfactants to
enhance the overall effectiveness of
bioremediation [44]. Notably, when
biosurfactants and biochar are employed
in conjunction with microbes, their
combined effects have been demonstrated
to  significantly = outperform  their
individual contributions in the context of
bioremediation [45]. Furthermore, the
integration of oleophilic microorganisms,
which possess the remarkable ability to

produce biosurfactants, into a
bioremediation system has exhibited
promising outcomes in terms of

decontaminating aquatic environments
afflicted by petroleum hydrocarbons and
oil spills [46].

Chemical methods

Chemical remediation strategies
employed for the mitigation of crude oil
pollution in  aquatic ecosystems
encompass the utilization of chemical
agents with the purpose of eliminating the
pollutants from the affected environment.
These strategies involve a myriad of
approaches, among which chemical-
physical methods stand out as they exhibit
the ability to effectively eliminate a
substantial proportion of the pollutants
that have contaminated the ecosystem.
For instance, the utilization of
bioremediation by microorganisms has
been recognized as an effective means of
combating crude oil pollution [42]. The
degradation of the toxic compounds
present in petroleum can be accomplished
through the deployment of microalgae and
bacteria, whose symbiotic cooperation has
been the subject of investigation when it
comes to cleansing water that has been
contaminated by hydrocarbons [46].
Furthermore, the bioremediation rate of

petroleum  hydrocarbons can  be
augmented by the inclusion of
biosurfactants, which are secondary
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metabolites produced by microorganisms
[42].

In addition to the aforementioned
strategies, chemical dispersants are also
employed for the purpose of addressing oil
spills in marine environments. However,
the effectiveness of these dispersants is
contingent upon a multitude of factors,
including but not limited to the specific
type and quantity of dispersant utilized,
the viscosity characteristics of the oil, and
the salinity levels of the water [47].
Biological methods

Biological strategies involve the use of
microorganisms such as bacteria, fungi,
and microalgae, which possess the
remarkable capability to break down and
eliminate hydrocarbons from
contaminated water sources [42]. The

employment of bioremediation
techniques involving microbial
communities has demonstrated

encouraging outcomes in the treatment of

Table 2.1 Notable crude pollution incidents and lessons learned
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marine environments that have been
adversely impacted by petroleum
compounds [48]. Microalgae play a pivotal
role in the bioremediation process
through their facilitation of bacterial
growth and their direct influence on
contaminants via diverse mechanisms
[46]. Another effective approach, known
as bio stimulation, involves augmenting
the hydrocarbon degradation activity of
indigenous  microorganisms, thereby
significantly enhancing the breakdown of
petroleum hydrocarbons. The utilization
of biosurfactants, which are produced by
microorganisms, represents a promising
tool within bioremediation systems, as
they have the potential to accelerate the
rate at which petroleum hydrocarbons are
remediated. These biological remediation
strategies offer both environmentally
friendly and highly efficacious means of
mitigating the deleterious effects of crude
oil pollution in aquatic ecosystems.

Spill Size
name/ (tons Location Oil type Nature of spill | Some lessons learned
Year X1000)
Gulf War 800 Arabian Gulf | Heavy crude | Act of war — Largest marine
Spill/ spill; affected 800 km of shoreline
1991 — Long-term impacts in sheltered areas
with no cleanup
Deepwater | 500 U.S. Gulf of Light crude well | — Behavior and fate of deep releases
Horizon/ Mexico blowout — Submerged oil mat behavior
2010
Amoco 223 Brittany, Medium Tanker —  Contamination of nearshore
Cadiz/ France crude grounding sediments by natural oil dispersion
1978 — Aggressive cleanup of marshes slows
recovery
Prestige/ 63 North of Heavy fuel | Tanker — Long-term persistence very heavy fuel
2002 Spain oil breakup oil
— Need safe havens for stricken ships
Ixtoc 470 Gulf of | Heavy crude well | — First use of environmental sensitivity
1/1979 Mexico blowout mapping
— Value of oil spill trajectory models
Enbridge 4 Kalamazoo Diluted Pipeline — Diluted bitumen sinks after several
Pipeline/ River, bitumen rupture days weathering
2010 Michigan — Many lessons on how to locate and
recover sunken oil in rivers
Source: (Michel and Fingas, 2016)

150




Ahmed et al

Human Health concerns

The potential human health risks
associated with crude oil spills in aquatic
ecosystems encompass a range of
detrimental consequences. These include
the contamination of food sources, the
direct interaction with the spilled oil, and
the inhalation of petroleum compounds.
When oil spills occur, they have the
capacity to contaminate the delicate
balance of the marine ecosystem, thereby
impacting the flora and fauna that inhabit
it. This includes fish and other vital aquatic
organisms that serve as crucial links in the
intricate food chain. The consumption of
polluted food, particularly fish that have
been tainted by the spill, can have harmful
effects on both humans and wildlife alike
[7]. Additionally, direct contact with the
spilled oil can prove to be lethal for not
only humans, but also for fish, birds, cattle,
and wildlife in general [15]. Moreover, the
inhalation of petroleum compounds has
the potential to lead to various health
disorders in humans [49]. Oil spills pose a
significant risk to human health and
necessitate the implementation of
effective remedial measures that can
effectively minimize their impact [8].
CONCLUSION

Oil spills will always occur, and will
continue to have detrimental effects on the
environment as long as we continue to
explore for, produce, and consume oil. In
order to mitigate the potential
consequences of these spills, it is
imperative to prioritize the development
and implementation of strategies that can
effectively counteract the detrimental
effects they have on aquatic ecosystems
and the overall health of individuals that
rely on these ecosystems for sustenance
and livelihood.
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