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Abstract

This study centers on evaluating the causes and mechanisms of oil
pollution in the marine environment, while examining the
effectiveness of current response techniques in addressing this
phenomenon and its repercussions. The findings reveal that spilled
oil does not remain stable or static in water; rather, it acts as a
"transformative" pollutant that changes in composition and behavior
due to natural weathering processes, such as emulsification. These
physical and chemical processes mechanically multiply the volume
ofthe oil over time from the onset of the incident, thereby frustrating
conventional control efforts. In parallel with accidental spills, the
study demonstrates that pollution in oil ports is largely attributed to
daily improper and illegal operational practices, most notably the
discharge of ballast water from tankers. This generates cumulative
and continuous environmental degradation of coastal ecosystems—
areas classified as highly ecologically and economically sensitive
due to the density of human and oil-related activities .Furthermore,
the lack of predictive modeling tools and Geographic Information
Systems (GIS) in environmental risk assessment hinders the ability
to forecast the movement of oil slicks, as well as intercept and
contain them at open sea. This deficiency in the response system not
only threatens marine environmental safety but also extends to pose
a direct threat to water and food security. Based on these data, the
significance of this work lies in proposing and developing integrated
response strategies that combine mechanical methods with
bioremediation. This, in turn, supports decision-makers in
formulating emergency plans, updating environmental legislation,
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and transitioning oil pollution management from traditional reactive
policies to proactive predictive response, alongside enforcing strict
monitoring over daily operational activities at oil ports to protect
marine resources and achieve their sustainable management.
Keywords: Oil Pollution; Strategic Challenges; Geographic
Information Systems (GIS); Remote Sensing (RS); Oil Spill
Control; Bioremediation.
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