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CHAPTER 2: LITERATURE REVIEW 
 

2.1 Overview 

The literature survey includes information gathered on the oil pollution burden in Sri 

Lanka as well as worldwide and the importance of oil pollution management. There 

are many oil pollution management techniques used throughout the world, but most 

of them have its own disadvantages when using in large scale. The literature survey 

summarizes the available oil pollution management techniques and the problems 

associated with those methods. Finally, a better solution to handle the oil pollution in 

a cost effective manner is discussed. The information gathered is summarized under 

the following topics.  

 

2.2 Oily Water 

The elemental constituent of petroleum product is hydrocarbon which is commonly 

measured by oil and grease. A hydrocarbon by definition; is one of a chemical 

compound composed only hydrogen and carbon. Typically hydrocarbons are broken 

down into three main classes, aliphatic, salicylic, and aromatics (Karunarathne, 

2007).  

Crude oil of different origin varies widely in their physical and chemical properties 

whereas many refined products tend to have well defined properties irrespective of 

the crude oil from which they are derived (Reeves, 1999). Oil and grease contained 

in the wastewater from oil processing industries can be removed by the use of widely 

accepted techniques. Since the removal of oil and grease depends on the condition of 

the oil-water mixture, the type of equipment must be carefully selected. Oil and 

grease is present in three forms as free oil, emulsified oil and dissolved oil in oil-

water mixture. 

 

2.2.1 Free oil  

High portion of oil from oily wastewater can be found as free oil as an unstable oil-

water mixture and they display a distinct phase difference and float in water in 

accordance with Stoke’s Law. Free oil is usually characterized by an oil-water 
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mixture with droplets greater than 150 microns in size (Rhee et al., 1987) and the 

matter exists liquid form or solid form in oily water. Frequently, free oil in 

wastewater is readily removed and separated by gravimetric separators and 

skimmers. 

 

2.2.2 Emulsified oil 

Oil in water emulsion is defined as a colloidal suspension of oil within water. A 

colloidal suspension is a mixture of oil particles or oil droplets homogeneously 

dispersed through water. This occurs when the oil droplets are reduced in size to 150 

microns in diameter or smaller. At this size, normal electrical repulsion of the water 

molecule is overcome due to its minute size (TurnKey Solutions Inc., 2003). 

Emulsified oil can be categorized into two types; mechanically emulsified oil and 

chemically emulsified oil. 

 

2.2.2.1 Mechanically emulsified oil 

These oil droplets range in size from 20-150 microns (George, 2001). Mechanically 

emulsified oil is stabilized by electrical charges and other forces that result in the 

coating of suspended solids. Such oil mix with water due to shear that can result 

from the wastewater traveling through a pump, wastewater splashing into a tank and 

anything that will break up and disperse larger oil droplets. 

 

2.2.2.2 Chemically emulsified oil 

Oil is chemically emulsified in water when emulsifiers such as surfactants or soaps 

are present. The surfactants have hydrocarbon chains and they have a hydrophilic 

(water loving) and a lipophilic (oil loving) end. The lipophilic end enters the oil 

droplet, while the hydrophilic end remains in the water. This is called a chemically 

stabilized emulsion. The oil droplets in chemically emulsified oil are less than 20 

microns (George, 2001). 

 

2.2.3 Dissolved oil 

Oil can also be found in water as soluble form. Soluble oil derived from animal and 

vegetable oil can be readily removed by conventional biological treatments. 
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However, oils derived from petroleum are stable organic compounds and can be 

neither easily decomposed biologically nor simply treated by other conventional 

methods due to their consistency (Karunarathne, 2007). These oil droplets are less 

than five microns in size. 

  

2.3 The Test Methods for Oil and Grease 

The test procedures used to measure oil and grease concentrations in wastewater do 

not determine the presence of specific substances, but groups of hydrocarbons that 

can be extracted from the sample using a particular solvent (APHA, 1992). 

Generally, hydrocarbon contamination in water is illustrated by total parts per 

million (ppm) levels of hydrocarbon in water. 

 

2.3.1 Conventional methods 

The sixteenth edition of Standard Methods for the Examination of Water and 

Wastewater provides three test procedures to determine oil and grease concentration 

in wastewater samples (APHA, 1992). These procedures include; 

 (1) The partition-gravimetric method which involves the extraction of dissolved and 

emulsified oil and grease using trichlorotrifluoroethane as the solvent - (503A), 

 (2) The partition-infrared method which uses an extraction process identical to the 

method 503A together with infrared detection methods - (503B). 

 (3) The Soxhlet extraction method which is based on an acidification of the sample, 

separating the oils from the liquid by filtration and extraction using 

trichlorotrifluoroethane as the solvent - (504C). 

 

2.3.2 COD removal method 

The above discussed methods can be used only if the oil amount in wastewater is 

significant. If the oil amount is very low, above methods are very difficult to use. Oil 

and grease are partly soluble in water and are present in dissolved and emulsified 

states as described in Section 2.2. The fraction of oil in dissolved and emulsified 

form is low compared to free oil fraction in wastewater. Therefore, the removal 

efficiency of dissolved and emulsified oil is difficult to measure by above methods 

which are described in Section 2.2.1 although they are suitable for measuring the free 
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oil removal efficiency. The amount of dissolved and emulsified oil has a good 

relationship with solution COD. Therefore, the dissolved and emulsified oil removal 

can be measured by solution COD reduction (Karunarathne, 2007). 

 

 2.4 Oil Pollution 

If oil content in water is more than 10mg/L, it is considered as oily polluted water 

and therefore it must be treated at least up to this level before discharging into the 

surface water bodies. 

Effluent with waste oil causes series of problems to the environment and living 

organism especially aquatic life. Therefore, it is very essential to study on the oil 

pollution as well as methods of reducing the oil pollution. Oil is in three forms; free 

(floating) oil, emulsified oil and soluble oil and as discussed in Section 2.2 high 

portion of oil is present as free oil. 

Today, the problem of oil pollution is becoming a topical issue for Sri Lanka as well 

as whole world. Huge oil pollution in 1999 at Colombo harbour due to breakdown of 

a CPC (Ceylon Petroleum Corporation) pipeline on 30th June 1999, the minor oil 

spillage in November 2010 at Colombo harbor during oil pumping from a ship and 

oil spillage at Kirinda due to a breakdown of a ship during salvaging operation on 

September 1999 are examples of oil spillages happened in Sri Lanka. Other than that, 

service stations scattered all over the island are releasing oil to surface waters, drains 

or land.  

Contamination of land, ground water and surface water with petroleum products is 

harmful. In addition to this, waste oil has other hazardous contaminants which will 

also contaminate the receiving bodies. If the land is contaminated with oil, it cannot 

be used for agricultural purposes. Contamination of land with oil will result in 

polluting ground water which is a main source of water in Sri Lanka. If ground water 

is contaminated, it will take hundreds of years for self cleaning. If the contaminated 

ground water is to be treated water should be taken out and re-injected it back into 

the ground after treating. This is very expensive method and therefore, poor countries 

cannot afford. 

In surface water, oil will float and spread at a rate that is viscosity dependent. The 

film on the surface prevents the oxygen transfer and sunlight penetration which result 



8 
 

in affecting the aquatic life. In addition to this, this contaminated water cannot be 

used for any purposes.  

 

2.5 Sources of Oil Pollution 

The highest contribution for oil pollution comes from terrestrial sources, mainly in 

the form of municipal and industrial wastes. The oil pollution in marine environment 

occurs due to various accidents occurred. The estimation for the total input of 

petroleum oils to the environment from all sources is 3.2 million metric tons per year 

(ITOPFL, 1987).  

 

2.5.1 Wastewater from petroleum related industry 

This is one of the main sources for oil pollution especially in Sri Lanka. Generally 

around 10% of oil is being wasted in refinery process before consumption. Most of 

them flawed to the surface water bodies. As an example, the water bodies around 

Sapugaskanda area which is in close proximity to the petroleum refining factory has 

been contaminated with crude oil and there exists a thick black colour oil layer 

throughout the surface of water bodies. Petroleum refinery activities start with 

receipt of crude for storage at the refinery, include all petroleum handling & refinery 

operations and they terminate with storage of the refined products (Jayasinghe, 

2000). The petroleum refining industry employs a wide variety of processes and 

petroleum waste is emitted in each points and it flows into surface water bodies. 

Listed below are five categories of general refinery processes and associated 

operations. 

1. Separation processes 

2. Petroleum conversion Processes 

3. Petroleum treating Processes 

4. Feedstock and product handling 

5. Auxiliary facilities 

 

At the end of the refining process, the effluent is found in water heavily 

contaminated by oil and the main constituents of this oily wastewater effluent is 

hydrocarbon and it is found in all three forms. As a result, the characteristics of water 
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such as COD, BOD, TDS, TSS, TOC and Oil & grease content becomes undesirable 

and exceed the environmental standards.   

Furthermore, in Sri Lankan context, almost all the thermal power plants use heavy 

fuel oil and the daily oily wastewater output from separators alone was recorded as 

3m3 per day (Reeves, 1999). Leakage of oil or fuel due to the several reasons is 

inevitable and it flows to the water bodies nearby.  

 

2.5.2 Service stations and workshop wastewater 

The main oil pollution threat arising from land based activities is due to service 

station and workshop wastewater. Two major sources of such oils are automotive 

crankcase oil and used oil from small garages and workshops. This gives high 

contribution to the oil pollution mainly technologically backward countries, due to 

low efficiency of equipments and oil leakage from equipments and machines. 

According to the CEA (Central Environmental Authority) database, there were 255, 

294, 96, 48 and 4 of service stations in Gampaha, Colombo, Kalutara, Kegalle and 

Anuradaura respectively in 2008. In addition to this, it is noted that effluent 

discharge from service stations has around 1000 mg/L of oil even after simple oil 

traps while effluent discharge from one service station is around 5m3/day. Therefore, 

oil recoverable amount from one service station is 4.95 kg /day (Thiruchelvam, 

2000).  

 

2.5.3 Transportation losses 

Total of 1.47 million metric tons of oil enter the sea each year as a result of 

transportation losses. Out of this, 0.7 million tons can be traced back to cargo 

residues remaining on board after discharge and referred to as clingage (ITOPFL, 

1987). The amount of clingage depends mainly on the wax content and viscosity of 

the previous cargo, but typically amounts to about 0.4% of the cargo carrying. 

During tank cleaning and de-ballasting operations, much of this can be lost 

overboard unless precautions are taken to retain oily slops on board. Recent 

developments such as Segregated Ballast Tank arrangements and Crude Oil Washing 

systems, together with ‘Load On Top’ procedures, have reduced operational 

pollution from tankers. Included in transportation losses are discharges of oily bilge 
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water and fuel oil sludge, amounting to 300,000 tons annually, which are generated 

by all types of ships (ITOPFL, 1987). Although the quantities of waste oil discharged 

to the sea from ships can be controlled through strict management, great importance 

is also attached to the provision of adequate shore reception facilities for tanker 

slops, dirty ballast water and oily residues from machinery spaces. 

 

2.5.4 Accidental oil spills 

Oil pollution mainly occurs in sea due to oil spillage, when transporting the oil from 

one country to another. This is the main reason to lose huge amount of oil in one 

place and also it is an uncontrollable incident as it is due to an accident. Therefore, a 

good oil spillage handling technique must be developed to face this situation with 

recovery of valuable oil resources as possible. As examples, the well known oil 

spillages such as Deepwater Horizon oil spillage in Gulf of Mexico, Exxon Valdez 

oil spillage in Alaska, Athos 1, Presidente River, Grand Eagle and Corinthos lost 185 

million galoons, 2.8 million galoons, 265,000 galloons, 306,000 galloons, 435,000 

galoons and 266,000 galloons of crude oil respectively. 

 

2.5.4.1 Deepwater Horizon oil spillage in Gulf of Mexico (near Florida, USA) 

 

 
 

Figure 2.1: Deepwater Horizon Oil Spillage 
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The Deepwater Horizon oil spill is an oil spill in the Gulf of Mexico which flowed 

for three months. The spill stemmed from a sea-floor oil gusher that resulted from the 

April 20, 2010 Deepwater Horizon drilling rig explosion as shown in Figure 2.1. It is 

the largest accidental marine oil spill in the history of the petroleum industry. At the 

time of the explosion, it was drilling an exploratory well at a water depth of 

approximately 5,000 feet (1,500 m) in the Macondo Prospect, located in the 

Mississippi Canyon Block 2. The spill has caused extensive damage to marine and 

wildlife habitats as well as the Gulf's fishing and tourism industries. 

The leak was stopped by capping the gushing wellhead after releasing about 

4.9 million barrels of crude oil. The leaking oil was of a heavier blend which 

contained asphalt like substances. This type of oil emulsifies and once it becomes 

emulsified, it no longer evaporates as quickly as regular oil, does not rinse off as 

easily and cannot be eaten by microbes as easily. 

The three fundamental strategies for addressing spilled oil were to contain it on the 

surface away from the most sensitive areas, to dilute and disperse it in less sensitive 

areas, and to remove it from the water. Three basic approaches to removing the oil 

from the water have been burning the oil, filtering off-shore, and collecting for later 

processing. 

Chemical dispersant is one of the main approaches used to tackle the spilled oil and it 

accelerates the dispersal process, although they may have significant side-effects. 

Dispersant chemicals were being sprayed from ships and aircraft in an effort to help 

break down the oil. C9500A and Corexit EC9527A have been the principle 

dispersants employed and these contain propylene glycol, 2-Butoxyethanol and 

dioctyl sodium sulfosuccinate. Burning was another method used to tackle oil spills 

although it can be tricky to carry out and has associated environmental risks such as 

toxic smoke.  

Skimmer ships, floating containment booms, anchored barriers, and sand-filled 

barricades along shorelines were used in an attempt to protect hundreds of miles of 

beaches, wetlands and estuaries from the spreading oil. The response included 

deploying many miles of containment boom whose purpose is to either corral the oil 

or to block it from a marsh, mangrove, shrimp, crab, oyster ranch or other sensitive 

area. Booms extend 18–48 inches (0.46–1.2 m) above and below the water surface 
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http://en.wikipedia.org/wiki/Fishing_industry
http://en.wikipedia.org/wiki/Tourism
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http://en.wikipedia.org/wiki/Salt_marsh
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and are effective only in relatively calm and slow-moving waters. Around 190 miles 

of floating boom were being used as part of the efforts to stop oil reaching the coast. 

Booms made out of nylon tights, animal fur and human hair was laid on beaches to 

soak up any oil that washes ashore. More than 275 vessels including skimmers, tugs, 

barges and recovery vessels were active in cleanup activities and more than 90,000 

barrels of oil-water mix have been removed by the skimmers. 

 

2.5.4.2 The behavior of spilled oil 

Natural actions are always at work in aquatic environments after oil spill. These 

may reduce the severity of an oil spill and accelerate the recovery of an affected 

area. Some natural actions include weathering, evaporation, oxidation, 

biodegradation and emulsification are pictorially presented in Figure 2.2.  

Weathering is a series of chemical and physical changes that cause spilled oil to 

break down and become heavier than water. Wave action may result in natural 

dispersion, breaking a slick into droplets which are then distributed vertically 

throughout the water column. These droplets can also form a secondary slick or thin 

film on the surface of the water.  

Evaporation occurs when the lighter or more volatile substances within the oil 

mixture become vapors and leave the surface of the water. This process leaves 

behind the heavier components of the oil, which may undergo further weathering or 

may sink to the bottom of the ocean floor.  

Oxidation occurs when oil contacts the water and oxygen combines with the oil 

hydrocarbons to produce water-soluble compounds. This process affects oil slicks 

mostly around their edges. Thick slicks may only partially oxidize forming tar balls.  

Biodegradation occurs when microorganisms such as bacteria feed on oil 

hydrocarbons. A wide range of microorganisms is required for a significant reduction 

of the oil. To sustain biodegradation, nutrients such as Nitrogen and Phosphorus are 

sometimes added to the water to encourage the microorganisms to grow and 

reproduce. Biodegradation tends to work best in warm-water environments.  

Emulsification is the process that forms emulsions which are mixtures of small 

droplets of oil and water. Emulsions are formed by wave action, and they greatly 

http://en.wikipedia.org/wiki/Barge
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hamper weathering and cleanup processes. Oil and water emulsions cause oil to sink 

and disappear from the surface.  

These natural actions occur differently in freshwater versus marine environments. 

Freshwater environmental impacts can be more severe because water movement is 

minimized in these habitats.  

 

 
 

Figure 2.2: The Behavior of Spilled Oil 

 

2.6 Importance of Oil Removal from Oily Water 

Rivers, canals, estuaries and other water bodies are being continuously polluted due 

to discharge of industrial effluent as well as other anthropogenic activities and 

natural processes. Discharge of oil effluent is one of them and there might be 

connection between the increased chronic diseases and contaminated water. 

Therefore, oil polluted water must be treated up to industrial water discharge limit 

before discharging. Hazards and problems due to oily wastewater are listed below. 
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1. Consumption of oil contaminated water will result in health hazards such as 

eye irritation, increased blood pressure, headache, loss of appetite, poor 

coordination, difficulty in concentrating, kidney damage, human cancer and 

decrease in the ability of blood clotting.  

2. Oil layer in wastewater reduces the efficiency of wastewater plant and 

sometimes inhibits the overall process of the plant by reducing the Oxygen 

dissolving which is very essential to aerobic bacteria. 

3.  The oily water badly affects to the wild life and marine life and because of 

that it unbalances the ecosystem process. As examples, oil can affect 

respiration of fish by the adhering oil on the gills and oil destroys the algae 

and planting. 

4. The penetrated oil from water to earth may initiate long term problems by 

making a barren ground. 

5. Oily water surface affects to aesthetic appearance of the environment.  

 

2.7 Oil Pollution Control Technologies 

There are different kinds of oil pollution controlling methods available. Separating 

oil from the oily water is an effective technique for extending the usefulness of 

process fluid or in pre-treating the wastewater. The most suitable method is selected 

by considering several factors, such as initial concentration of oil in wastewater, the 

flow rate, and the specifications imposed on the quality of the treated water. If water 

contains high amount of oil, physical methods such as mechanical recovery, 

evaporation, and in situ burning can be used. If the oil content is low, chemical 

methods, sorption, flotation, coagulation have to be used. These methods can be used 

separately or in combination without any hindrance. 

 

2.7.1 Chemical methods 

There are different types of chemical treating agents that can be applied to the oily 

water to assist in controlling, cleaning up or removing the oil. These include, 

• Dispersants 

• Surface washing agents 
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• Bioremediation agents 

• Miscellaneous oil spill control agents 

 

Dispersants are the most commonly used chemical treating agent. Chemical 

dispersants are designed to break up surface oil slicks and disperse the oil as fine 

droplets into the water column so that natural mixing action will dilute the subsurface 

oil concentration. If this process is effective, the oil is prevented from moving into 

sensitive environments. This will eliminate or reduce the damage to important 

coastal habitats, marine life or coastal facilities. 

Surface washing agents or beach cleaners are different from dispersants. Surface 

washing agents are products which, when applied to oil stranded on the shoreline, 

increase the ease or efficiency of removal by flushing with water. These products 

remove oil from solid surfaces such as beaches or rocks through a detergent 

mechanism and do not involve dispersing or solubilizing the oil into the water 

column.  

Bioremediation agents are microbiological cultures, enzyme additives or nutrient 

additives that are deliberately introduced into an oil spill. They significantly increase 

the rate biodegradation and thereby mitigate the effects of the spill. Bioremediation 

agents are typically used as a polishing step after conventional mechanical cleanup 

techniques have been used. 

Miscellaneous oil spill control agents are any products, other than dispersant, surface 

washing agent, bioremediation agent, burning agent or sorbent that can be used to 

enhance oil spill cleanup, removal, treatment or mitigation. These products include 

emulsifiers, elastizers, chemical based sorbents, solidifiers or mixed products. 

 

2.7.2 In situ burning 

This method is comparatively fast. However burning makes many side effects due to 

smoke and residues. Burning should be carried out in a controlled manner; otherwise 

it may be disastrous because of oily environment. 

For a large quantity of industrial wastewater containing impurities, this method is 

reliable and feasible.  
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2.7.3 Bio remediation 

Microorganisms are used in this process and it is a very slow, time consuming 

method to treat the highly concentrated oily water. In this method, oil is considered 

as a waste and it is converted to simple products by using special types of 

microorganisms. 

 

2.7.4 Physical separation 

Using above methods, oil is broken down to simple fractions and finally oil is 

destroyed. However, this is not a suitable or accepted method, because oil is a 

valuable energy resource and oil must not be considered as a waste anytime. Further, 

some circumstances, a substantial quantity of oily wastes are generated from 

industries. Therefore, sustainable solution must be given to the oily water. Physical 

separation is the best solution to this and using this method, oil in water can be 

recovered.  

 

2.7.4.1. Dissolved air flotation (DAF) 

This process utilize the gravity separation concept for the removal of oil and grease 

from wastewater but tend to be more effective than API (American Petroleum 

Institute) type separators in removing the dispersed oil mixture because the buoyancy 

differential is enhanced by induced small air bubbles. Coagulant aids such as 

polyelectrolytes are commonly used to promote agglomeration of the oil bearing 

matter into large flocs which are more easily removed. The DAF device is reported 

to be effective in producing an effluent with 1 to 20 mg/L of oil and grease 

(Churchill, 1974). There are two types of DAF devices with and without a recycling 

system. In a DAF device with a recycling system, the entire waste stream is saturated 

with air under pressure, followed by the subsequent release of the pressure and 

bubble formation at the inlet to the flotation chamber. This scheme creates a 

maximum gas solution at any particular pressure, there by achieving maximum 

bubble contact with the oil. However, the recycling DAF system consists of 

pressuring and dissolving air in a recycle stream of clarified effluent. The pressure is 

released when the bubble-containing recycling stream is mixed with the untreated 

wastewater influent flow. A DAF device with a recycling system does not 
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disintegrate the formed floc by the shearing action of the pressure. However, the 

recycling system requires a large flotation chamber. 

The DAF device is, in general, commonly used in refineries to enhance oil and 

suspended solids removal. The use of chemical coagulants, such as alum or iron 

salts, has been an integral part of the DAF process where emulsion breaking is 

necessary. These chemicals function by modifying the liquid/liquid and liquid/air 

surface properties. For instance, those coagulants serve to decrease the interfacial 

tension between the dispersed oil phase and the wastewater and increase the 

interfacial tension between the air bubbles and the oil phase. Consequently, these 

chemical and physical phenomena tend to increase air bubble-oil droplet adhesion. 

Enhancing this adhesion may also involve acidification and demulsification. With a 

properly operating DAF unit, refineries can remove oil and grease globules greater 

than 40 microns (Manning, 1983).  

 

2.7.4.2 Skimmers 

All skimmers incorporate an oil recovery element, some form of floatation or support 

arrangement and a pump to transfer collected oil to storage. More complicated 

designs may be self-propelled and may have several recovery elements, integral 

storage tanks or oil/water separation facilities. Two basic approaches can be 

recognized; suction and adhesion. The simplest concept is a suction device whereby 

oil is collected by a pump or air suction system from the water surface directly or via 

a weir. These designs tend to collect large volumes of water together with the oil. 

This can be an advantage when recovering viscous oil since the presence of excess 

water helps to maintain the flow of oils which would otherwise tend to block hoses 

and pipe work. 

Adhesion type skimmers which incorporate oleophilic materials into belts, drums, 

discs or synthetic ropes often achieve a higher ratio of recovered oil in relation to 

water. In general, they work best with medium viscosity oils between 100 and 2,000 

centistokes although skimmers with toothed discs or chain link belts have been 

designed especially for the recovery of heavy oils. These high viscosity oils, such as 

heavy bunker oil are extremely sticky and can prove difficult to remove from the 

adhesion surfaces, whereas, in contrast, viscous water-in-oil emulsions can be almost 



18 
 

non-adhesion. Although low viscosity oils like diesel and kerosene can be collected, 

they do not accumulate on the oleophilic surfaces of skimmers in sufficiently thick 

layers for high recovery rates to be obtained (ITOPFL, 1987).    

 

2.7.4.2.1 Belt skimmers 

Figure 2.3 shows the belt type skimmer and its belt conveys the oil from the water 

surface by adhesion. Upward rotating belts carry the oil to their top limit where it is 

scraped or squeezed off into a storage tank. Conversely, downward rotating belts first 

submerge the oil which then surfaces behind the belt, due to its buoyancy, into a 

defined area within the vessel. Generally there is a pump attached to the belt 

skimmer to transfer oil from the storage tank to a holding tank. 

 

Direction for
Skimming

Belt

Pump

Debris

 

Figure 2.3 : Belt Skimmer 

 

2.7.4.2.2 Weir skimmers 

In a weir skimmer oil flows over a self-leveling weir into the reservoir of the 

skimmer and is pumped to the storage tank. As shown in Figure 2.4, weir skimmers 

have a series of weirs at a fixed depth below the water surface. Turbulence is avoided 

by controlling the inflow (IMO, 1995). Open water weir skimmers are fitted with 

self-adjusting weirs - the ring surrounding the pump floats on the water level inside 
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the hopper, when the hopper is pumped out the ring drops allowing surrounding oil 

to flow over the weir.  

 

 
 

Figure 2.4 : Weir Skimmer 

 

2.7.4.2.3 Disc skimmers 

Figure 2.5 shows the disc skimmer. When discs rotate through the oil –water 

interface, oil adheres to the discs surface is removed by scraper to a central collection 

point and is pumped to storage. They generally require a power unit (usually a 

separate hydraulic power pack) to rotate the discs and to pump the required oil from 

the reservoir to storage.  

Discs

Scraper

Scraper

Figure 2.5: Disc Skimmer 
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2.7.4.2.4 Suction skimmers 

Suction devices consists of an inlet head, a pump and storage tank and operate buy 

drawing oil into the tank through a restricted opening designed to limit the quantity 

of water which accompanies the oil. Vacuum system or an air conveyer attached to a 

hose which may be fitted with skimmer heads. Figure 2.6 shows the suction type 

skimmer. 

 
  

 Figure 2.6: Suction Skimmer 

 

Ideally, the inlet head should be positioned so that oil can enter but water is 

excluded. In practice this is not possible as the oil layer will vary in thickness and 

wave motion can swamp the head. To minimize the effects of waves, the inlet head 

should float at the oil/water interface with the minimum possible interia (IMO, 

1995).  

The skimmer method is a very effective method for recovery of free oil from 

wastewater. Most of the time, very expensive, synthetically prepared oil adsorbing 

materials are used for adhesion type skimmers. High cost of synthetic adsorbents 
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limits its use for wastewater treatments. If this problem is mitigated, this method can 

be used widely. 

Therefore this research is focused on introducing natural, low cost materials as the 

oil adsorption material for oil recovery and wastewater treatment. Literature review 

on theory and materials used in recovery and treatment sections are discussed in 

detail in sections 2.8 and 2.9. 

 

2.8 Recovery Section 

Any material which will recover oil through absorption or adsorption is known as 

sorbents. There are several kinds of sorbents: 

1. natural organic materials such as bark, peat moss, straw, hay, feathers, 

coconut husks, sugar cane waste (bagasse) (ITOPFL, 1987); 

2. mineral-based material such as vermiculite,perlite and volcanic ash; 

3. Synthetic organic sorbents such as polyurethane foam and polypropylene 

fibers. 

4. Human hair (Samoon, 2002). 

 

In Recovery section, human hair is used to recover the oil because it has several 

advantages compare to the other sorbents. Human hair is a waste material which has 

a good oil retaining ability (Samoon, 2002). It has a growing rate of 0.4mm/day and 

huge amount of hair is disposed from saloons daily. Hair is widely available all over 

the world and it can be collected free of charge. After hair is soaked in oily water, by 

pressing the hair, adsorbed oil can be recovered and used hair can be used again to 

recover the oil with negligible reduction of oil adsorption ability. Therefore it has a 

good regeneration ability which is one of the properties of a good adsorbent. 

 
2.8.1 Human hair 

The objective of this research is to use human hair as the recovery material for the 

skimmer. Therefore the properties of human hair are discussed in this section. 

The surface of the skin is the hair shaft composed of a dead, tough horny protein 

material called keratin. The growing or living part of the hair is situated below the 
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surface of the skin at the base of a minute pit (about 4mm deep and 0.4mm wide) 

known as a hair follicle. Thus the hair dies as it grows beyond the follicle, becomes 

hardened, and emerges from the surface of the skin as a dead material in the form of 

keratin (Samoon, 2002). 

Initially, the affinity of oil to human hair was observed by a hair dresser in the United 

States and observation was subjected to some theoretical and experimental study. 

The experiments showed that the affinity of oil to human hair is high. Therefore, it is 

shown that there are many ways of utilizing this affinity in oil pollution control. 

There is potential to utilize the hair in a skimming device or as a continuous 

adsorption system (Samoon, 2002).  

    

2.8.1.1 Structure of the hair 

Microscopic examination of the surface of a hair shows it to be covered with over-

lapping scales. This outer layer of the hair; the cuticle consists of translucent scales 

of keratin, with the tips towards the free end or point of the hair. This tough outer 

cuticle serves to hold the whole hair together. The cuticle may be damaged by 

chemicals or harsh treatment. Medulla is along the center of the hair. This medulla 

consists of a honeycomb of irregularly shaped areas of keratin with many air spaces 

between them. The main bulk of the hair, between the cuticle and the medulla is the 

cortex. The elongated cells of this layer contain a tough fibrous type of keratin with 

long bundles or cables of fibers running parallel to the length of the hair. The cortex 

also contains granules of the pigment melanin, which is mainly responsible for the 

colour of the hair (Samoon, 2002).  

 

2.8.1.2 The properties of the hair 

1. Colour of the hair 

This depends on the number and kind of pigment granules in the cortex. The 

cuticle is translucent so that the colour shows through. Black and brown hair 

contains the pigment melanin; white hair has little or no pigment; whilst Grey 

hair is considered to be a mixture of white and coloured hair. 
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2. Thickness of hair 

A hair is usually the same thickness all along its length and has an average 

thickness of 0.05 mm. If hair is soaked in liquid, a hair increases in thickness by a 

greater proportion than it increases in length, as liquid entering the air spaces 

between fibers of the cortex causes the hair to swell. This property helps to 

recover the oil by using hair as adsorbents. 

 

3. Elasticity 

Elasticity is due to the coiled spring structure of keratin and increases if the hair 

is wet. The stretching of hair is said to be a physical change since no chemical 

reaction takes place and no new substances are formed. Wetting a hair increases 

its elasticity but decreases its strength. The increased elasticity of a wet hair is 

due to water molecules entering the hydrogen bonds thus allowing them to 

extend further.  

 

4. Porosity 

The porosity depends on the state of the cuticle. If the cuticle has been damaged 

or if it has been treated with dry heat, steam or alkalis, the porosity will increase. 

Substances coating the hair such as natural oils of the scalp, conditioning creams 

or lacquer decrease the porosity. Hair has more porous naturally due to brushing 

and combing (Samoon, 2002).  

 

5. Hygroscopicity 

Hair is hygroscopic, since it absorbs moisture from the air. The normal moisture 

content of hair is 10% by weight, but it may be high as 30% (Samoon, 2002).  

 

2.8.2 Recovered oil (disposal of oil recovered) 

After recovery, oils have quite a variable composition depending on the original 

composition of wastewater and the treatment methods, but the recovered oil can be 

used as an additional energy resources.  

Oily wastes include mechanical impurities, scales, dust debris and also minerals and 

chemicals used in the process line. Therefore, some recovered oil cannot be used as 
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original oil and it is dumped in some areas. These areas must have impermeable layer 

of soil and area must be distance from populated zone and the possibility run off the 

waste into surface water again must be excluded. However, waste oil is a valuable 

resource with high calorific value and therefore dumping is not an economic 

solution. Therefore a proper mechanism is necessary to handle the recovered oil after 

the recovery of oil (Thiruchelvam, 2000).  

 

2.8.2.1 Recycling or reuse of recovered oil 

The recovered oil can be re-used in different ways. The first option is to keep the 

original properties of the oil allowing for direct re-use. The second option is to 

recover the energy in recovered oil. Re-refining is one of the preferred methods for 

recovered oil. It has the beneficial effect of reducing the consumption of virgin oil. 

Re-refining involves operations which will separate and remove contaminants in 

recovered oil so that this oil becomes suitable for re-use. All re-refining processes 

start with a distillation step to remove water and light hydrocarbons ends from the 

feed stocks (Thiruchelvam, 2000). The acid-clay process (Figure 2.7) has been the 

most commonly used method for a number of years. The primary process involves 

mixing the feedstock with sulfuric acid in order to remove most of the contaminants. 

These contaminants are mainly inorganic species, such as trace metals from insoluble 

sulfates that settle out of the feedstock. The product is then subjected to a clay-

contacting step for neutralization and improvement of the colour and odor.  It can be 

used as an alternative fuel in cement kilns (Thiruchelvam, 2000). 
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Figure 2.7: Acid –Clay Re-refining Process Flow Diagram 

 

2.9 Treatment Section 

In recent years, new and natural processes for efficient and adequate treatment of 

industrial wastewater containing emulsified oil with relatively low operating costs 

have been explored. As a result, different type of sorbent materials such as wool 

based sorbents (Rajakovic et al., 2007), clay minerals (Sayed and Zayed, 2006), 

chitosan & bentonite (Ahmad et al., 2005a), rubber powder (Ahmad et al., 2005b) 

and rice husk (Kumagai et al., 2006) have been used to treat the oil contaminated 

water. Among them, rice husk based adsorbent has attracted a great deal of attention 
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in treating oily water because of its low cost and low secondary environmental 

impact. 

According to the literature, oil adsorption ability is increased drastically, when rice 

husk is converted to carbonized rice husk.  

 

2.9.1 Rice husk 

There is an estimated annual rice production of 3.5 million tons in Sri Lanka and 

available rice husk is approximately 25% the annual rice production (DAPSL, 2005). 

Rice husk contains about 20% silica. Tables 2.1, 2.2 and 2.3 show the typical 

composition and chemical composition of rice husk and reported values on its 

characteristics respectively.  

 

Table 2.1: Typical Composition of Rice Husk (Chuah et al., 2005) 

Composition Percent 

Cellulose 22.40 

Hemicelluloses 21.40 

Lignin 21.44 

Extractives 1.82 

Water 8.11 

Mineral 15.05 

 

Table 2.2: Chemical Composition of Ash from Rice Husk (Chuah et al., 2005) 

Composition Percent 

SiO2 96.40 

K2O 2.31 

MgO 0.45 

Fe2O3 0.20 

Al2O3 0.41 

CaO 0.41 

K2O 0.08 
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Rice husk poses a granular structure, is insoluble in water has chemical stability and 

high mechanical strength. Due to its high ash content, a proper method of disposal 

and utilization of rice husk has yet to be developed. However the abundance and 

availability of rice husk make them good sources of raw materials for an adsorbent. 

Due to their low cost, after these materials have been expended, they can be disposed 

without expensive regeneration.  

 

Table 2.3: Reported Characteristics of Rice Husk (Jayatunga, 2009) 

 

Characteristics Values 

Moisture content ( % ) 6.62 

Ash content (%) 45.97 

Surface area (m2/g) 272.50 

Surface acidity ( meq/gm) 0.10 

Surface basicity ( meq/gm) 0.45 
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2.9.1.1 Preparation of carbonized rice husk 
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Figure 2.8: Carbonizing Process of Rice Husk 
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Carbonized rice husk has been used for removal of impurities from wastewater. 

Typical process for preparation of carbonized rice husk is shown in Figure 2.8 

(Kumagai et al., 2006).  

 

2.9.2 Adsorption 

Adsorption is the adhesion of molecules of gas, liquid, or dissolved solids to a 

surface. Adsorption is usually the first step in a reaction on a surface. This process 

creates a film of the adsorbate (the molecules or atoms being accumulated) on the 

surface of the adsorbent. The term sorption encompasses both processes while 

desorption is the reverse of adsorption. 

Adsorption process can be carried out in either batch mode or continuous mode. In 

batch mode the process is carried out by adding adsorbent to a vessel containing 

contaminated water, stirring the mixture for a sufficient time, then letting the 

adsorbent settle, and decanting off the treated water. In continuous mode, as name 

implies, the adsorbent is feeding continuously to the contaminated water and 

decanting off the treated water continuously. 

The mechanism of adsorption onto the adsorbent in the removal of adsorbate 

processes involves the following three steps (Shi et al., 1999). 

• Diffusion of adsorbate molecules through the solution onto the 

surface of the adsorbents. 

• Adsorption of adsorbate molecules on the surface of the materials 

through molecular interactions 

• Diffusion of adsorbate molecules from the surface into the interior 

of the adsorbent materials.  

 

Adsorption phenomena are dependent on experimental conditions like pH, adsorbent 

dose, adsorbent particle size and mixing speed of adsorbent in solution (Jayatunga, 

2009). 

There are different type of adsorption; monolayer adsorption and multilayer 

adsorption. The adsorbate particles that are in direct contact with the adsorbents are 

called monolayer. In monolayer adsorption all the adsorbate is held in close 
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proximity to the adsorbent.  In multilayer adsorption there are several layers of 

adsorbate on the surface of the adsorbent. 

Adsorption occurs in physical, biological, and chemical systems and is widely used 

in industrial applications such as water purification, wastewater treatment, capturing 

and using waste heat to provide cold water for air conditioning and other process 

requirements.  

 

2.9.2.1 Adsorbent 

The adsorbents are most usually in the form of spherical pellets, rods, moldings or 

monoliths with hydrodynamic diameter between 0.5-10 mm. They must have high 

abrasion resistance, high thermal stability and small pore diameter which results in 

higher exposed surface area and hence high capacity of adsorption. 

The most common industrial adsorbents are activated carbon, silica gel, and alumina, 

because they present enormous surface areas per unit weight. Activated carbon is 

produced by roasting organic material to decompose it to granules of carbon. 

Coconut shell, wood, and bone are common sources. Silica gel is a matrix of 

hydrated silicon dioxide. Alumina is mined or precipitated aluminum oxide and 

hydroxide. Although activated carbon is a magnificent material for adsorption, its 

black color persists and adds a grey tinge if even trace amounts are left after 

treatment; however filter materials with fine pores remove carbon quite well.  

A surface already heavily contaminated by adsorbates is not likely to have much 

capacity for additional binding. Freshly prepared activated carbon has a clean 

surface. Charcoal made from roasting wood differs from activated carbon in that its 

surface is contaminated by other products, but further heating will drive off these 

compounds to produce a surface with high adsorptive capacity. Although the carbon 

atoms and linked carbons are most important for adsorption, the mineral structure 

contributes to shape and to mechanical strength. Spent activated carbon is 

regenerated by roasting, but the thermal expansion and contraction eventually 

disintegrate the structure so some carbon is lost or oxidized.  
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2.9.2.2 Adsorption capacity 

Adsorption capacity values, mg of oil adsorbed per unit weight of adsorbent were 

calculated from equation 2.1 for all the batch experiments. 

 

Q = (CO − Ct)
v
w

 … … … (2.1) 

Where; 

Q = Adsorption capacity (mg/g) 

Co =  initial concentration of adsorbate (mg/L) 

Ct =  concentration of adsorbate at time t (mg/L) 

v =  volume of oil solution (L) 

w = weight of adsorbent (g) 

 

2.9.2.3 Adsorption kinetics 

Adsorption of various compounds, in aqueous systems, onto or into adsorbents is a 

time dependent process. Adsorption kinetics explains how fast the rate of reaction 

occurs. Mechanism of adsorption processes can be described using the pseudo first 

order and the pseudo second order adsorption models. 

 

2.9.2.3.1 The first order kinetic model 

The first order kinetic model is given by equation 2.2 (Kavitha and Namasivayam, 

2005).                                                                                                                                                                

log �Qeq − Q� =  log Qeq – � K1
2.303

� t…………………..(2.2) 

 Where;  

Qeq =  adsorption capacity at equilibrium (mg/g)  

Q =  adsorption capacity at time t (mg/g)  

K1 = rate constant of adsorption (L/min) 

t = time (min) 
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If the plot of log (Qeq –Q) versus t is a straight line adsorption is first order model. 

Adsorption capacity at time t can be calculated as follows. 

Q = (C0 – Ct ) ∗  
v
w

   

Where;  

C0 = initial concentration (mg/L)  

Ct = concentration at time t (mg/L) 

v = sample volume (L) 

w = adsorbent weight (g) 

 

2.9.2.3.2 The second order kinetic model 

The second order kinetic model is given by equation 2.3 (Kavitha and Namasivayam, 

2005). 
t
Q

 =  1
�K2∗Qeq2�

  +   t
Qeq

   …………………..(2.3) 

Where;  

Qeq
2 =  adsorption capacity at equilibrium (mg/g)  

𝑄 =  adsorption capacity at time t (mg/g)  

K2 = second order constant (g/mg min) 

t = time (min). 

 

If the plot of t/Q versus t is a straight line adsorption is second order. 

The initial adsorption rate, h (mg/g min), as t → 0 can be defined as  

 h = K2 ∗ Qeq
2 

 

2.9.2.4 Adsorption isotherms 

Equilibrium isotherms describe the relationship between the amount of adsorbate 

adsorbed and the equilibrium concentration of the adsorbate at a constant 

temperature. There are several models developed to describe the equilibrium state of 

adsorption. 
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2.9.2.4.1 Langmuir adsorption isotherm 

The most important model of monolayer adsorption is Langmuir adsorption model. It 

is an empirical isotherm derived from a proposed kinetic mechanism by Irving 

Langmuir in 1916 (Kavitha and Namasivayam, 2005). The Langmuir adsorption 

isotherm describes quantitatively the build up of a layer of molecules on an adsorbent 

surface as a function of the adsorbed material in the liquid in which it is in contact. It 

is based on four hypotheses; 

• The molecules are adsorbed on definite sites on the surface of the adsorbent. 

• Each site can accommodate only one molecule (monolayer). 

• The area of each site is a fixed quantity determined solely by the geometry of 

the surface. 

• The adsorption energy is the same at all sites. 

 

The Langmuir isotherm is represented by as equation 2.4. 
Ceq
Qeq

= 1
Q0b

 +  Ceq
Q0

…………………..(2.4) 

where 

Ceq = equilibrium concentration (mg/L) 

Qeq = adsorption capacity at equilibrium (mg/g) 

Q0 = initial adsorption capacity (mg/g) 

b = energy of adsorption (L/mg) 

 

The shape of the isotherm is a gradual positive curve that flattens to a constant value.  

The essential characteristics of Langmuir isotherm can be expressed by a 

dimensionless constant called equilibrium parameter RL, defined by Weber and 

Chakkravorti (Kavitha and Namasivayam, 2005). 

RL =
1 

(1 +  bC0)
  

Where; 

 b = Langmuir constant 

 C0 = initial dye concentration (mg/L) 
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RL values indicate the type of isotherm and RL value between 0 and 1 indicates a 

favourable adsorption. 

 

2.9.2.4.2 Freundlich adsorption isotherm 

The most important multilayer adsorption isotherm for rough surfaces is the 

Freundlich adsorption isotherm, which is a purely empirical formula derived by 

Freundlich & Kuster in 1894 (Kavitha and Namasivayam, 2005). It represents an 

initial surface adsorption followed by a condensation effect resulting from extremely 

strong solute-solute interaction. The Freundlich isotherm is represented by  

log Qeq = log Kf + �1
n
� log Ceq…………………..(2.5) 

where; 

Qeq = adsorption capacity at equilibrium (mg/g) 

Ceq = equilibrium concentration (mg/L) 

Kf ,n = Freundlich constants 

The shape of the isotherm is a gradual exponential curve. n close to 1 indicates high 

adsorptive capacity at high equilibrium concentrations. n <<<1 indicates that the 

adsorptive capacity is only slightly reduced at the lower equilibrium concentrations.  

 

2.9.2.4.3 Tempkin adsorption isotherm 

Tempkin isotherm considers the effects of indirect adsorbate-adsorbate interactions 

on adsorption isotherms. 

This isotherm assumes that the heat of adsorption of all the molecules in the layer 

decreases linearly with coverage due to adsorbate – adsorbate interactions and 

adsorption is characterized by a uniform distribution of binding energies up to some 

maximum binding energy.  

 

Tempkin isotherm is represented by the following equation (Kavitha and 

Namasivayam, 2005). 

 

Qeq = B1 ln Kt  +  B1 ln Ceq…………………..(2.6) 
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Where; 

Qeq = adsorption capacity at equilibrium (mg/g) 

Ceq = equilibrium concentration (mg/L) 

Kt = equilibrium binding constant corresponding to the maximum binding 

energy (L/mg) 

B1 = heat of adsorption 

 

2.10 Significance of the Project 

 

 

 

 

 

 

 

 

The schematic in Figure 2.9 gives the overall objective of the project. This is a two 

stage adsorption unit; one is for recovery of oil and the other unit is for treating the 

remaining oil. Initially oil is recovered using hair as the adsorbent. The adsorbed oil 

can be recovered by pressing the hair. The recovered solution is an oil and water 

mixture, but its oil/water ratio is more than one. Therefore hair can retain oil on the 

surface than water from oil water mixture.  

However 100% of oil recovery is not possible using hair and hair has the ability to 

recover 70- 80% of oil from oily water (Samoon, 2002). Therefore another unit is 

required to treat the remaining oil before discharging. Treatment section is used for 

treating remaining oil in water. Carbonized rice husk is used as the adsorbent in this 

unit. Here by optimizing several parameters, the final oil concentration would be 

reduced to lower than 10 mg/L which is the oily water discharging limit imposed by 

Central Environmental Authority. 
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This research can be implemented to protect the surface water bodies as well as 

marine environment from oil pollution. Especially this integrated system will give a 

significant contribution to protect the aquatic environment from oil pollution in 

following ways.  

 

1. To replace the current treatment option in service stations 

Vehicle service station wastewater consist significant amount of different type of oil 

such as engine oil, brake oil, gear oil, kerosene oil and grease. Therefore it is 

required to treat the oily wastewater up to Central Environmental Authority 

discharge limits for inland surface waters before discharging. The current treatment 

method of service stations comprises of a grease and oil interceptor with several 

compartments as shown in Figure 1.10 and Figure 1.11 and flow between each 

compartment is through a 90 degree fitting designed for oil and grease retention. 

Then the flow from the grease interceptor goes through chemical flocculation and 

sedimentation. Filtration further improves the quality of the wastewater before it is 

discharged (Dissanayaka and Tennakoon, 2008b). The current treatment system used 

in service stations has several disadvantages comparatively. Therefore, the two 

integrated treatment units developed in this research can be used to replace the 

current method of service station. 

 

 
 

Figure 2.10: Grease and Oil Interceptor with Two Compartments 
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Figure 2.11: Inside View of a Compartment 

 

2. To protect the coastal area near to Magampura port 

 

 
 

Figure 2.12: Conceptual Drawing of the Completed Port 
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Sri Lanka situated in the Indian Ocean is closer to the Marlaca Strait and has a 

strategic location on the international oil route which link Asia and Europe. An 

estimated 36,000 ships including 4,500 oil tankers use this route annually. A new sea 

port, Magampura is being developed at the southern end of Sri Lanka and the entire 

project is expected to be completed in 15 years in four phases with including a gas-

fired power plant, a ship repair unit, a container repair unit, an oil refinery unit and a 

bunkering terminal unit.  

It is expected that once Magampura port is completed, it will trigger international 

competition to control energy supply routes in the Indian Ocean as China’s 80 

percent oil supplies and India’s 65 percent oil supplies pass through sea lanes of 

Indian Ocean. Japan too is almost totally dependent on energy supplies shipped 

through the Indian Ocean. 

Therefore, it is clear that the port will herald a great economic prosperity to the Sri 

Lanka through enhancing the international affairs. The Sri Lankan government has 

planed to start initially with setting up of storage and sale of bunker fuels, mainly for 

ships passing the South coast. The first phase of the port of Magampura will consist 

of two 600m general purpose berths, a 310m bunkering berth and a 120m small craft 

berth. It will also contain a bunkering facility and tank farm which will include 8 

tanks for marine fuel, 3 tanks containing aviation fuel and 3 tanks for Liquid 

Petroleum Gas (LPG). 

All the activities associated with the port are based on oil and therefore, while 

achieving the several advantages with the development of this port; marine oil 

pollution will rise drastically around the port. The suitable oil pollution management 

techniques must be developed to protect the coastal area close proximity to the port 

and therefore this research activity can be implemented in Magampura port to 

mitigate the oil pollution. 
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3. To protect the marine environment in Mannar basin 

 

 

 

Figure 2.13: Blocks Offered in Sri Lanka's First Licensing Round – 2007 

 

Eight oil and gas exploration blocks in the Northwestern Mannar basin has been 

identified as shown in Figure 1.4 and two of which have been granted to China and 

India to carry out the oil exploration by the Sri Lankan government. India will start 

exploration activities in Block SL2007/01/001 in the Mannar basin which covers 

3,400 sq. km. at depths between 200 to 1,800 meters. According to experts in charge 

of the exploration, the estimated deposit in the offshore of the Mannar basin is 

roughly one billion barrels.  

Offshore oil exploration is complex and is over ten times costly than onshore 

exploration. Massive investment is required for offshore oil exploration thus the 

government was left with no choice but to have international oil companies invest in 

this venture. Further, offshore oil exploration highly pollute marine environment. A 

steady stream of pollution from offshore rigs causes a wide range of health and 
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reproductive problems for fish and other marine life and offshore drilling activities 

destroy reefs and coastal wetlands. 

With the happening of Deepwater Horizon oil spillage in Gulf of Mexico, lot of 

offshore oil drilling was a shock to many. Therefore, before starting the offshore oil 

exploration in any country, this incident should be studied as a transforming incident 

in the history of deepwater exploration and must be identified the techniques used for 

removing the spilled oil from sea water to mitigate the marine environmental damage 

from such oil spillages later. 

Therefore good oil pollution management techniques must be implemented in the 

inception level of oil exploration in Sri Lanka to protect sensitive ecosystems from 

oil pollution which is a livelihood near Mannar basin in future and this research will 

be significant in this aspect to protect the Mannar basin from oil pollution. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


