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Abstract 

 

The objective of this study is to present an integrated 

approach for quantifying the risk of oil spill in marine 

waters and adjacent coasts. The most probable oil spill 

locations are identified based on the bathymetry, the 

maritime traffic and the currents. Emphasis was placed on 

the presentation of the risk of spill crude oil reaching the 

coastline. The oil spill response method includes booms, 

skimmers, dispersants, solidifiers, in-situ burning and 

bioremediation. The disaster management plan have been 

analyzed with reference to efficiency, time, cost, impact 

on marine life, reliability, level of difficulty, oil recovery, 

weather, effect on physical/chemical characteristics of oil 

and the need for further treatment. The proposed 

methodology is expected to help lawmakers, public 

administrators and municipal planners in taking more 

effective measures to prevent and/or remediate future oil 

spills, e.g. creation of Early Response Centres. Crude Oil 

industry may also benefit from the reduced risk for their 

operations, whereas oil companies, insurance companies 

and tanker owners may reduce their operational costs.   
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1. Introduction 

 

Oil spills due to ship accidents often occur 

in coastal water and can have significant 

adverse impact on the marine environment. 

Coastal seas are at bigger oil spill risk than 

open oceans not only because of higher 

accident probability, but also due to the 

increased impact and sensitivity. It has 

disastrous impacts on the environment in 

the region and has adversely affected 

people, flora and fauna inhabiting that 

region. Ruptured oil pipelines, ship 

collisions or groundings, overfilling of gas 

tanks, bilge pumping from ships, leaking 

underground storage tanks, oil-

contaminated runoff from streets and 

parking lots during rain storm are 

considered from the environmental oil 

pollutions (Svanberg, 2006). 

 

Few well known coastal oil spills  
 

Coastal oil spills: Exxon Valdez accident in 

Alaska with 40,000 tons,  

Open sea oil spills: the Atlantic Empress, 

the world’s largest spill with 287,000 tons 

in the West Indies  

The Irenes Serenade spill (100,000 tons) in 

Navarino Bay, Greece,  

The Strait of Istanbul, Turkey spill (94,000 

tons) in  

Source: Papadonikolaki et al.,  2014 
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The proximity to the coast alone cannot, by 

itself, explain the perception and the impact 

of oil spills. Several studies have been 

performed addressing the ecological, 

navigational and legal problems resulting 

from oil spill accidents. A significant 

number of these studies are dealing with 

physical, chemical and biological processes 

that control the fate and transport of oil 

spills in surface waters, such as advection, 

diffusion, dispersion, dissolution, 

evaporation, emulsification, sedimentation 

and biodegradation (e.g., Mackay, 1980; 

Huang and Monastero, 1982; ASCE Task 

Committee, 1996; Wang et al., 2005, 2008; 

Zadeh and Hejazi, 2012).  

 

 

Table 1: Primary class of Hydrocarbon  

 
 

Figure 1:  Sorbent pads to collect the spillage.  

 
   Source: Papadonikolaki et al., 2014 
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Table 2: Bioremediation of crude oil (Dave and Ghaly, 2011) 

 
 

Analysis of crude Oil Spill in the Marine 

Environment 

 

Oil and water do not mix due to their 

different chemical nature, but when oil 

spills in water, toxic chemicals from the 

crude oil are mixed with the water and stay 

there for a long time. Spill Cleanup and 

recovery from an oil spill is difficult and 

depend upon many factors, including the 

type of oil, the temperature of the water  

(affecting evaporation and biodegradation), 

water current and the types of shorelines 

and beaches involved (George et al., 2003). 

 

Spreading of crude oil 

Spreading of crude oil is affected by wind, 

waves and water currents. Due to surface 

tension crude oil, quickly attain average 

thickness of less than 0.03 mm within 24 h 

and the oil layer becomes fragmented by 

wind and waves into crude islands. 

 

Evaporation of crude oil 

Evaporation and dissolution degrad 

petroleum crude when it is spilled on water. 

Degradation is affected by wind velocity, 

air and sea temperatures, turbulence and 

intensity of solar radiation. It removes 

about 50% of hydrocarbons 

(Papadonikolaki et al., 2014). Loss of 

volatile hydrocarbons from spilled oil payer 

increases the density and the kinematic 

viscosity of oil lead to breakup of slick into 

smaller patches (Degrémont, 1991).
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Figure 2: Types of booms (Dave and Ghaly, 2011) (a) Fence boom (b) Curtain boom (c) 

Fire resistant boom  

 
 

Photo-oxidation of crude oil 

The natural sunlight and oxygen can 

transform petroleum hydrocarbons (Table 

1, Dave and Ghaly, 2011)  into hydroxyl-

compounds such as aldehydes and ketones 

and ultimately to low molecular weight 

carboxylic acids, as the products are 

hydrophilic, they change the solubility 

behavior of the petroleum spill (Wang and 

Stout, 2010).  

 

 

Emulsification of crude oil 

Dispersion is oil-in-water results emulsion 

which is incorporation of small globules of 

crude oil into water. It is affected by 

density, surface tension, and viscosity of 

petroleum. Emulsification contributes to 

persistence of crude oil spilled in water, 

due to increased viscosity and slick 

thickness, causing retarded spreading on 

water surface (Reed et al., 1999). 
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Table 3: Dispersant and their application ratio (NRC, 1989) 
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Table 6: Evaluation criteria for marine oil spill remediation methods  

 
 

Table 7: Assessment of marine oil spill remediation methods 

 
 

Dissolution of crude oil 

Due to dissolution low molecular weight 

hydrocarbons and polar non-hydrocarbon 

compounds are partially lost from the oil 

and mixes with water. Due to evaporation, 

amount of dissolution, may be less than 5% 

or even nonexistent in certain cases (Mishra 

and Kumar, 2015).  

 

 

 

 

Bio-degradation of petroleum 

Bio-degradation processes include 

microbial degradation, ingestion by 

zooplankton, phytoplanktons and uptake by 

aquatic invertebrates and vertebrates. 

Microbial degradation is the major and 

ultimate natural mechanism to degrade spill 

crude oil. Microorganisms e.g. Alcanivorax 

borkumensis are capable of oxidizing 

petroleum hydrocarbons and the related 

compounds (Table 2). However, this is a 
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slow process because it depends on 

nutrients and oxygen availability and can 

be limited by the presence of toxic 

pollutants (Siguero-Guemes, 2010). 

 

Environmental impact of oil spill on living 

creatures 

Oil forms a thin layer on top of water and 

act like a jacket, composed of oil - water 

emulsion or floating film. It prevents 

breathing of animals and plants living in 

the water. The crude oil coats the feathers 

of water birds and the fur of animals that 

swim in the water, causing them to sick and 

die by preening, irritating the digestive 

tract, altering liver function, and causing 

kidney damage even the insects that live on 

the surface of the water are badly affected. 

Crude oil contains benzenes, toluene, 

oxygenated polycyclic aromatic 

hydrocarbons and polyaromatic 

hydrocarbon, polycyclic aromatic 

hydrocarbons (PAHs). Aquatic fauna 

exposed to these PAHs exhibit toxic effects 

including genetic damage, morphological 

deformities, altered growth and 

development, decreased body size, 

inhibited swimming abilities and mortality 

result in significantly reduced survival in 

fish due to the reduction of swimming and 

feeding abilities (Carls et al., 1999; Heintz, 

1999; Incardona, 2005). Oil spills can also 

harm air quality (Middlebrook et al., 2011). 

Toxic crude oil chemicals can introduce 

adverse health effects when being inhaled 

into human body, including inhibition of 

protein synthesis, nerve synapse function 

and disruption in membrane transport 

system and damage to plasma membrane, 

resulting in carcinogenesis, mutagenesis 

and impairment of reproductive capacity, 

volatile components of crude oil after a 

spill can cause asthma, bronchitis and 

accelerating aging of the lungs (Tidwell, 

2015), Table 5.  

 

Crude Oil Spill Management Contact with 

crude oil should be avoided. Children and 

animals should be kept away from the 

petroleum spill. A fence/ barricade around 

the area should be put and warning sign 

should be posted. Sea foods should be 

avoided that live in water near the 

petroleum spill and areas downstream. 

 Bathing in affected water should be 

avoided. If animals fall in the water, they 

should washed right away with strong soap 

and clean water to protect them. People 

should be taught about the dangers of crude 

oil pollution at schools, colleges, disaster 

management programs and community 

gatherings. 

 

Disaster Response Strategy 

The leakage of crude oil from its source 

should be stopped or the rate of leakage be 

reduced. Environmental protection plan 

should be prepared according to importance 

of sensitive areas. Efforts should be made 

to combat and trapping the oil spill in water 

by mechanical means. Various sorbents 

(Figure1) based on absorption and 

adsorption techniques, can be used to treat 

floating oil on water surface because of the 

possibility of its collection and reuse 

(Mazeikiene and Svediene, 2011). Booms 

are a common type of crude oil spill 

response equipment which are used to 

prevent spreading of the crude oil spill by 

providing barrier to oil movement which 

can improve the recovery of oil through 

skimmers or other response techniques 

(Dave and Ghaly, 2011) (Figure 2). 

Skimmers are devices which can be used in 

conjunction with booms to recover spill 

crude oil from water surface without 

changing its properties so it can be 

reprocessed and reused. Skimmers consist 

of disks, belts, drums and brushes (Dave 

and Ghaly, 2011) (Figure 1). Dispersants 

have capabilities to break down the slick of 

oil into smaller droplets and transfer it into 

the water column where it undergoes rapid 

dilution and can be easily degraded (Table 

3). 

 

Solidifiers are dry granular (hydrophobic 

polymers) materials that react with oil and 

change its liquid state into solid rubber like 

state that can be easily remove by physical 
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means (Table 4).  Dave and Ghaly, 2011 

produced a comparative analysis for 

Remediation Technologies for Marine Oil 

Spills (Table 6 and 7). 

 

Conclusion 

 

The oil spill response method includes 

booms, skimmers, dispersants, solidifiers, 

in-situ burning and bioremediation. The 

disaster management plan have been 

analyzed with reference to efficiency, time, 

cost, impact on marine life, reliability, level 

of difficulty, oil recovery, weather, effect 

on physical/chemical characteristics of oil 

and the need for further treatment. 

Comparative analysis confirms that oil 

recovery with mechanical methods and the 

application of dispersants followed by 

bioremediation is the most effective 

response for marine oil spill. The disaster 

management objectives are to prevent the 

spill from moving onto shore, to reduce the 

impact on marine life and to speed the 

degradation of any uncovered oil. It will 

depend on several factors including type of 

oil, biological, physical, and economical 

characteristics of the spill location, weather 

and sea conditions, amount spilled and rate 

of spillage, depth of water column, time of 

the year and effectiveness of cleanup 

method. Booms can be used to contain or 

divert the oil spill and that oil can be 

recovered using skimmers or simply burned 

off. Dispersants can be effective in 

breaking up light - or medium-density oil 

spills. Adsorbents may be used for small-

volume spills. Bioremediation is a 

beneficial approach compared to the very 

expensive and labor intensive mechanical 

processes. However, the uncontrollable 

variables in an oil spill (such as the 

composition of the oil, the indigenous 

microorganisms present at the site, the 

water characteristics such as temperature 

and the available nutrients at the affected 

site) may affect the results of the oil spill 

response methods.  The proposed 

methodology is expected to help 

lawmakers, public administrators and 

municipal planners in taking more effective 

measures to prevent and/or remediate 

future oil spills, e.g. creation of Early 

Response Centres. Crude Oil industry may 

also benefit from the reduced risk for their 

operations, whereas oil companies, 

insurance companies and tanker owners 

may reduce their operational costs.  
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