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Abstract: This paper investigates the prevention of oil spills using artificial intelligence (Al), covering the impacts and causes of spills,
and presenting relevant statistics. It introduces an Al model designed to deter fish from contaminated areas, aiming to minimize ecological
damage. By leveraging predictive modeling and real - time monitoring, the study highlights the effectiveness of Al in saving marine life,
demonstrating its potential as a critical tool for sustainable marine and industrial operations.
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1. Introduction

The exploration, production, and consumption of oil and
petroleum products are increasing worldwide, and the threat
of oil pollution increases accordingly. The movement of
petroleum from the oil fields to the consumer involves as
many as 10-15 transfers between many different modes of
transportation including tankers, pipelines, railcars, and tank
trucks.

Oil is stored at transfer points, terminals, and refineries along
the route. Accidents can happen during any of these
exploration, production, and transportation steps or storage
times.

Removal of oil from shorelines is usually the most expensive
cleanup process. Costs to cleanup shoreline can vary between
about $5/m2 to as high as $120/m2 depending on the
situation. The cost of prevention has been studied and it has
been noted that a prediction of prevention costs shows a rising
trend with the size of the spill. This means that it is much more
costly to prevent a very large spill than a small spill.

There was an average of 1.3 large oil spills from tanker
incidents every year in the decade from 2020 onward. In
2023, one oil spill was reported in which more than 700
metric tons of oil leaked

The marine oil tanker spills are recorded in the waters of over
one hundred countries, territories and regions around the
world. The one - to - one dot distribution map in Figure 1
below shows the locations of marine oil tanker spills recorded
between 1970 and 2019. Generally, spills are clustered close
to shorelines and randomly dispersed across the oceans.
Approximately 80% of marine spills recorded are within 10
nautical miles of shore.

The highest number of spills for the five decades was
recorded in North America, however, over the last three
decades, most spills have been recorded in Asia (Figure 3 This
pg.5 decade, less than ten spills were recorded in each
continent except Asia, where more than 30 spills were
recorded.
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Figure 3: Oil tanker spills >7 tonnes (1970- 2019) by continents

The rate of spillage has decreased in the past 10 years, even
with increased oil production, transportation, and

consumption. Despite this, spill experts estimate that 30% to  equipment failure or malfunction.
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50% of oil spills are either directly or indirectly caused by
human error, with 20% to 40% of all spills caused by
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Largest oil spills worldwide since 1967

(in million gallons)

xtoc 1 Oil Spill, 1979
Atlantic Empress Oil Spill, 1979
Komi Pipeline Qil Spill, 1994
Castillo de Bellver Oil Spill, 1983

ABT Summer Oil Spill, 1991
Amaco Cadiz Oil Spill, 1978
nker Ol Spill, 1991
ey Ol Spill, 1998
The Sea Star Oil Spill, 1972

Nowruz Ol Field Spill, 1983

Emerging spill risks include increased maritime activity in the
Arctic, deepwa - ter exploration and development, and the
rapid expansion of rail transport of crude oil. Oil spills have
many adverse effects on the environment. However, efforts
for spill containment and recovery are considered to be only
moderately effective. Most often, spilled oil strands on the
shoreline and requires cleanup efforts, though care is needed
to minimize additional harm that can slow overall recovery.

Planktons are small plants and animals that live in the water
and include phytoplankton and zooplankton. Phytoplankton
are microscopic plants such as algae and diatoms that live in
the upper layer of the water as they depend on light for
photosynthesis. Zooplankton are microscopic animals that
feed primarily on phytoplankton. Planktons are killed by
relatively low concentrations of oil, but are present in such
large numbers that lost individuals are replaced quickly with
little detectable disturbance. Plankton also tend to eliminate
low concentrations of hydrocarbons within days once the
exposure ends. Some sub - lethal effects of oil on zooplankton
include narcosis, reduced feeding, and disruption of normal
responses to light.

Oil exposure can cause a range of physiological and
pathological changes in fish, some of which are temporary
and are not a risk to health or survival. Some of the effects
noted on fish such as eye cataracts, structural. Changes of fins
and loss of body weight may be related to the stress of
exposure and not directly to hydrocarbons.

Just one liter of oil is enough to contaminate one million liters
of water, putting human life, wildlife and vegetation at severe
risk.

Depending on the density of the oil, it will either float, semi -
submerge or sink in river, lake or stream water. The same ail,
however, may have a different reaction when in seawater as
the salt changes the density of the water.

Heavier oils are at risk of sinking or partially submerging,
making a spillage of such oil a lot more complex to rectify.

This is a particular concern if for whatever reason, the oil
becomes pooled or trapped on the riverbed.

Oil can soak through soil and rock, risking contamination of
groundwater; the water we use for drinking water.

Vegetation along rivers, lakes and streams is also at risk. It is
particularly difficult to remove oil from vegetation and if not
done completely, the contamination can easily and quickly
spread up the food chain, eventually making it into the food
found on supermarket shelves.

In current times, there are many solutions in play to avoid the
occurrence of oil spills and also to contain them on the chance
of it. However, there are a number of limitations imposed
upon them and hence making them either cost ineffective or
technologically unreliable. Environmental conditions, human
factors and most importantly mechanical faults are not under
our control making it rather difficult to prevent or contain the
spills.

The most common type of equipment used to control the
spread of oil is floating barriers, called booms. Containment
booms are used to control the spread of oil to reduce the
possibility of polluting shorelines and other resources, as well
as to concentrate oil in thicker surface layers, making
recovery easier.

However even this equipment does not protect the marine life
that is habitant in the contaminated waters.

Prototype description and working mechanism:

The proposed method for preventing fish from entering
polluted areas involves the strategic use of mechanically
actuated frequencies to guide them away. This approach
entails the development of an automated device equipped
with advanced sensors and Al cameras

Once a spill is identified, an underwater Al camera with facial
recognition capabilities is deployed to identify fish species in
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the vicinity of the affected area. This Al - driven system
harnesses sophisticated algorithms trained to analyze and
interpret visual data, recognizing objects and patterns based
on extensive prior learning.

Upon identifying the species of fish present, the next step
involves emitting specific acoustic frequencies via an
acoustic transducer. Many fish species emit sounds within
frequency ranges detectable by digital cameras, typically
between 5, 500 and 10, 000 Hz. Fish are known to be highly
sensitive to low - frequency vibrations, particularly those
below several tens of Hertz, which are often indicative of
approaching predators.

Consequently, when exposed to sufficiently intense low -
frequency sounds, fish instinctively respond by moving away
from the source.

The mechanism for emitting and detecting these frequencies
is intricately designed. As the emitted sound waves propagate,
they encounter obstacles that reflect them back towards the
transducer. This echo is then received through matching
layers and interacts with the ceramic element of the
transducer. The resulting compression and expansion of the
Piezo element generate an electrical signal proportional to the
received echo.

In summary, the integration of technology, Al - driven
cameras, and acoustic transducers represents a sophisticated
approach to mitigating environmental damage caused by
pollutants. By leveraging these technologies, it becomes
feasible to actively guide fish away from polluted areas,
thereby preserving aquatic ecosystems and supporting
sustainable environmental management practices.

2. Scientific Mechanism

Response of fish to frequency:

The BIAS project states that: “Fish is extremely sensitive to
low - frequency vibrations, below some 10s of Herz. If the
sound source is sufficiently intense, fish usually respond by
swimming away from the source. The reason for this is
probably that low frequency sounds usually indicate an
approaching predator.”

In fisheries research, there has been great interest in studying
the reaction of fish to fishing vessels and fishing gear,
particularly in connection with acoustic methods of
population assessment (e. g. Olsen, 1979; Olsen et al., 1983;
O na, 1988; O na and G odg, 1990; Misund, 1990). From
observations on cod, haddock, herring, and polar cod, these
species all seem to react to a passing vessel, particularly to the
propeller noise. The low - frequency components in vessel
and gear noise are very strong, extending into the infrasound
range. Whether the infrasound components in the noise play
any role in the fish’s reaction to the trawl is another matter. In
the studies mentioned above, a reaction to low frequency
noise was demonstrated by swimming away from the sound
source.

Artificial Intelligence:
Advanced Al Technology in Environmental Protection:
Integrating Image Recognition, and Frequency Emission

Image Recognition: Enhancing Understanding of Marine
Environments

At the heart of many Al systems is image recognition, which
is powered by complicated algorithms trained on large
datasets. These files include photographs of maritime
biodiversity, habitats, and pollution scenarios. Al models
become adept at accurately detecting diverse species of fish
and other marine animals after extensive training.

The development of these Al models follows a structured

approach:

1) Data Acquisition and Annotation: To train Al systems,
large datasets are methodically collected, annotated, and
curated. These datasets are critical in training the Al to
recognize specific features and entities in underwater
photos.

2) Model Training: Developers use advanced machine
learning frameworks like TensorFlow and PyTorch to
train neural networks, including convolutional neural
networks. These networks excel in analyzing patterns
and features in photos, allowing for accurate
classification of marine species and environmental
circumstances.

3) Algorithm Optimization: Fine - tuned algorithms
improve efficiency in processing real - time underwater
photos. This improvement ensures that the Al can
identify and respond quickly to environmental changes
and dangers, even in tough underwater situations.

4) Integrated with Sensor Technologies: Al models work
well with advanced underwater sensors and cameras
using Synthetic Aperture Radar (SAR). These sensors
take high - resolution photos of underwater landscapes,
allowing for reliable detection of oil spills and complete
monitoring of marine environments.

Oil Spill Detection and Response Workflow:

When the Al system detects an oil spill using SAR
technology, it initiates a series of responses to mitigate its
impact:

Facial Recognition and Species Identification: An underwater
artificial intelligence camera with advanced facial recognition
skills recognizes fish species near the spill. In situations
where proximity prevents direct Al operation, a
comprehensive marine life database acts as a backup for
reliable species identification.

Acoustic Transducer and Frequency Emission: To protect
marine life from oil pollutants, an acoustic transducer emits
frequencies designed to keep fish away from hazardous
waters. This proactive strategy tries to reduce marine species'
exposure to dangerous pollutants.

Amazon Rekognition, a cloud - based image analysis tool,
improves Al capabilities for environmental monitoring.

Deep Learning Technology: Using deep learning algorithms,
Amazon Rekognition analyzes multiple datasets to recognize
and describe numerous features inside photos, such as marine
animals and pollution - impacted environmental situations.
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Dataset Management: The tool works with training and
testing datasets that are essential for developing and verifying
Al models. The training dataset educates the machine
learning model, and the testing dataset confirms its
functionality and accuracy. Maintaining a balanced ratio of
training and testing datasets, such as 80 - 20 or 70 - 30,
improves model performance.

Amazon Rekognition uses primary datasets from a variety of
picture sources to build basic knowledge. Secondary datasets
supplement this by providing more nuanced interpretations,
increasing the accuracy of item recognition and
environmental analysis.

Al database: WWEF protection initiatives utilises pinging
noises for whales and dolphins. Differences in sizes - dolphins
and toothed whales (50 - 120kHz) | baleen whales (3 - 20kHz)

Bimini Biological Field Station in the Bahamas used low
frequency tones between 50 - 1000Hz to guide sea rays

Harbour Seals and Sea Otters have been observed to be
successfully removed from an area at hearing sounds
reminiscent of their natural predators. Harbour Seals and
Otters can both be targeted with killer whale/orca noises.

Through a turtle protection program, researchers from the
NOAA found beeping sounds between 200 - 1600 Hz were
able to alert turtles to danger in the area.

Infrasound acoustics of below 20Hz have been seen to
physically shake a fish enough that it thoroughly avoids the
area.

This prototype allows an instantaneous solution to safeguard
marine life by driving them away from the polluted site.

Prices are subject to change based on technological
advancements and market conditions. Different variations of
the camera have different prices. However, for this a basic
camera can facilitate its function well.

e Hull Design - The ship’s hull is streamlined to minimize
water resistance. The bottom surface is designed with
mounts and protective casings for the sensors, cameras,
and transmitters.

« Sensor Array: Sonar Sensors - Array of sonar sensors
arranged in a grid pattern to cover a wide detection area.
These sensors are integrated into the hull, with waterproof
housing to protect against pressure and corrosion.

« Al Cameras - Multiple cameras are strategically placed
around the sensor array, the cameras are angled to cover
overlapping fields of view, ensuring no blind spots.

« Frequency Transmitter - The transmitter is centrally
located on the bottom surface for maximum coverage. It is
encased in a waterproof and pressure - resistant housing.
The transmitter is connected to a control unit that
modulates the frequencies based on the data received from
the Al system.

Al Camera - A basic consumer grade Al camera can be used
which has a one time cost of 100 - 200 USD. This device need
not be replaced. Underwater Transducer - One time cost of
100 USD, depending on brand and type. This device also

requires no maintenance cost and will simply be replaced after
use.

Total Cost: 300 USD (higher end)

3D model of prototype:
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Front view:

Aerial view:
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3. Conclusion

In conclusion, this paper examines the application of artificial
intelligence (Al) in preventing oil spills, highlighting the
significant impacts and underlying causes of these incidents,
and presenting relevant statistics. It presents an innovative Al
- based model that effectively deters fish from contaminated
areas, thereby mitigating ecological damage. The study
provides an in - depth analysis of the model’s operational
mechanisms, benefits, and associated costs, demonstrating its
potential as a critical solution for minimizing ecological harm
and enhancing the sustainability of marine and industrial
activities.
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