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Abstract
Imagine yourself as a killer whale. You are swimming around when you decide to stick your head out of the water to take a breath .As you are taking a breath, you see a large stream of thick black oil heading your way. You go back under water only to find other animals dying one by one because the oil is damaging their bodies.
Over the centuries we and fore fathers have enjoyed the abundant beauty of the sea. They didn’t heed to the threats they were posing to the marine life as they were dumping wastes like oils, chemicals, , hazardous goods in bulk and packaged form, garbage, sewage, ballast water, antifouling paints into the ocean. Later when the effects came into the picture, regulations started coming for the control of pollution. Nevertheless, many of the cargoes transported by sea such as oil and chemicals are potentially damaging to the environment, which (in addition to the protection of life at sea) is why maritime safety is always paramount.


 Oil spill is considered as one of the greatest threats to the marine life. Thus we have expressed our concern about the same in the following paper presentation. Oil penetrates and opens up the structure of the plumage of birds, reducing its insulating ability, and so making the birds more vulnerable to temperature fluctuations and much less buoyant in water. Its not only the birds, but the marine mammals as well as the marine plants are affected which in turn affects the food chain in the ecosystem.
  
It has been recognized that the human factor plays a large part in incidents of marine pollution and other forms of environmental damage. Personnel, both ashore and at sea, should be provided with clear directions, guidance and standards in order to limit to the greatest extent possible any adverse impact to the environment caused by human activity.

By planning spill response ahead of time, the impact on the environment can be minimized or prevented. Environmental Sensitivity Index (ESI) maps are used to identify sensitive shoreline resources prior to an oil spill event in order to set priorities for protection and plan cleanup strategies. Also the regulations given by the MARPOL 73/78 in action has been successful in reducing the oil content in seas to an appreciable extent.
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Introduction
Since ancient times, shipping has proved to be a boon for transportation overseas. Shipping now moves over 80% of the world commodities. By 2020, international trade will triple, with over 90 percent (by weight) moving via the ocean. Because of the growing demands, these transportation activities support increasing mobility of freight and passengers ranging from urban areas to international trade. Its now when people have realized that their signs of avarice though have created profit for themselves but in a longer run have made the nature’s biggest gift ‘ocean’ as an area of dumping wastes, anthropogenic emissions(co2,ch4,nitrous oxide), eutrophication , etc. This has reached a point where transportation activities are a dominant factor behind the emission of most pollutants and thus have impacts on the environment. Its in lieu of that MARPOL and other such regulations have been implemented by International Maritime Organisation (IMO).
Marine Pollution

Pollution of marine waters was realized somewhere in the 1970s. It was otherwise thought that the world's oceans have an infinite capacity for absorbing our waste. This hazard is purely of anthropogenic origin. Some major types of pollutants that have been the focus of recent research are oil, sewage, garbage, chemicals, radioactive waste and thermal pollution. Among these, the oil pollution is always discussed at length because other pollutants affect limited areas. Not enough information is yet available about radioactive waste disposal and its pollution effect.


Marine pollution is mainly due to the below mentioned points:

a. Pollution from land-based sources, such as rivers, estuaries, 
    

                 pipelines and outfall structures;


b. Pollution from exploitation of the mineral resources of the sea-bed;

c. Pollution from ships, i.e. the disposal of wastes or other matter incidental to or derived from the normal operations of ships;

d. Pollution by dumping, i.e. the deliberate disposal of wastes or   structures at sea;


e. Pollution through the atmosphere.

While pollution mentioned in point a) could in the near future become a serious source of degradation of the marine environment, the most dangerous kinds of pollution with respect to Eritrea and the Red Sea are presently those mentioned sub c) and d).

Pollution from the Shipping Industry

Despite the public attention given to accidental oil spill, most of the harm is actually caused by routine shipping including legally permissible discharges rather than accidents.

We read in the media about oil spills when oil tankers break close to coastlines or oil is spilled from these tankers. However, only about 10% of oil pollution is because of the oil spills and is a short-term coastal hazard. However, the other causes that affect in long term are: leaks at marine terminals, disposal of drilling mud from offshore operations. Only a small fraction of the world's used oil is recovered, the rest simply goes down the drain and away into the sea.

Pollutions from the shipping industry are mainly caused by the below elements:

1." Oil
2." Chemicals and Liquefied Gases

3." Garbage

4." Sewage

5." Ballast Water

6." Anti-fouling paints

7." Ship Recycling Waste

The following elements accounts for the atmospheric emissions from ships:

•" Exhaust emissions and C2

•" Cargo Vapour emissions
•" Ozone Depleting Substances

•" Noises

Ways of oil pollution through shipping:
OIL SPILL
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Oil spills are the accidental release of oil in environment due human activity on oil rigs and containerships. The term often refers to marine oil spills, where oil is released into the ocean or coastal waters. The oil may be a variety of materials, including crude oil, refined petroleum products (such as gasoline or diesel fuel) or bi-products, ships' bunkers, oily refuse or oil mixed in waste. Most oil spills occur due to large oil carrying tankers on sea but there have been also cases of oil disasters on land Spills take months or even years to clean up. Oil also enters the marine environment from natural oil seeps.  Most human-made oil pollution comes from land-based activity, but public attention and regulation has tended to focus most sharply on seagoing oil tankers.
Through bilges

The bilge is the lowest compartment on a ship where the two sides meet. The word was first coined in 1523.

The word is sometimes also used to describe the water that collects in this compartment. Water that does not drain off the side of the deck drains down through the ship into the bilge. 
This water may be from rough seas, rain, or minor leaks in the hull or stuffing box. The water that collects in the bilge must be pumped out if it becomes too full and threatens to sink the ship. Bilge water is an almost unavoidable product in ship operations. Bilge water that is generated in proximity to shipboard equipment (such as in the engine room) often contains oil and its direct discharge would result in undesirable transfer of waste oil to the marine environment
Bilge water can be found aboard every vessel. The bilge main is arranged to drain any watertight compartment other than ballast, oil or water tanks and to discharge the contents overboard. It has connections from dry cargo holds, tunnels and machinery spaces. Tanks for liquid cargo and ballast are served by cargo discharge systems and ballast systems respectively. They are not connected to bilge system unless they have a double function, as for example with deep tanks that are used for dry cargo or ballast. Spectacle blanks or change over chests are fitted to connect/isolate spaces of this kind as necessary. Depending on the ship's design and function, bilge water may contain water, oil, urine, detergents, solvents, chemicals, pitch, particles, and so forth.

Through ship breaking activities
Ship breaking activities contaminate the coastal soil and sea water environment mainly through the discharge of ammonia, burned oil spillage, floatable grease balls, metal rust (iron) and various other disposable refuse materials together with high turbidity of sea water. Furthermore, oil spilling may cause serious damage by reduction of light intensity, inhibiting the exchange of oxygen and carbon dioxide across the air-sea water interface, and by acute toxicity. As a result the growth and abundance of marine organisms especially plankton and fishes may seriously be affected. Indiscriminate expansion of ship breaking activities poses a real threat to the coastal inter-tidal zone and its habitat.

Ships also contain a wide range of other hazardous wastes, sealants containing PCBs, up to 7.5 tonnes of various types of asbestos and; several thousand liters of oil (engine oil, bilge oil, hydraulic and lubricants oils and grease). Tankers additionally hold up to 1,000 cubic meters of residual oil. Most of these materials have been defined as hazardous waste under the Basel Convention. In Bangladesh, ships containing these materials are being cut up by hand, on open beaches, with no consideration given to safe and environmentally friendly waste management practices.

Environmental Effects of Oil Spill
Environment studies have proved that effect of oil spill can be more than it is expected to be in some places. Petrochemical products can harm the marine life in the oceans as well as degrade the air quality in the atmosphere. Some variants of oil are highly toxic which can create a huge dent in the ecosystem once they are faced to the open air. The oil is thought to be evaporating quickly once they are opened in air but some types are less volatile and remain for longer period of time in the air. These types gasses are serious threats as they posses longer effect in the ecosystem. Moreover if the oil spill is not cleared and cleaned in short time of period then it mixes up with pebble and sandy beaches and poses danger even to human society living around the sea shores.
Shallow Coastal Waters
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Spill damage in shallow waters is most often caused by oil becoming mixed into the sea by wave action or by dispersant chemicals used inappropriately. In many circumstances the dilution capacity is sufficient to keep oil concentrations in the water below harmful levels, but in cases where light, toxic products have become dispersed, or in major incidents where heavy wave action has dispersed large volumes of oil close inshore, large kills of marine organisms such as shellfish have occurred.
In one instance, the BRAER spill in Shetland, UK, most of the spilt oil was dispersed naturally by heavy wave action, thus avoiding much of the shoreline contamination normally associated with large oil spills. However, some oil became incorporated into sea bed sediments, causing long-term tainting of some commercial species. 
Shorelines
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Shorelines, more than any other part of the marine environment, are exposed to the effects of oil as this is where it naturally tends to accumulate. However, many of the animals and plants on the shore are inherently tough since they must be able to tolerate periodic exposure to pounding waves, drying winds, high temperatures, rainfall and other severe stresses. This tolerance also gives many shoreline organisms the ability to withstand and recover from oil spill effects. 

Rocky and sandy shores exposed to wave action and the scouring effects of tidal currents tend to be resilient to the effects of a spill as they usually self-clean quite rapidly. Rocky shores exposed to wave action are often quoted as those which recover most rapidly, and there have been many cases in which this was true. A typical example of impact on this habitat is the temporary loss of a keystone species, the limpet, which is a grazing snail, which leads to a 'bloom' of seaweeds in their absence. Because of the increased availability of their food source, re-colonisation by limpets usually follows rapidly and the normal grazing pattern is re-established. 

Soft sediment shores consisting of fine sands and mud are found in areas which are sheltered from wave action, including estuaries, and tend to be highly biologically productive.

The upper fringe of 'soft' shores is often dominated by saltmarsh which is generally only temporarily harmed by a single oiling. However, damage lasting many years can be inflicted by repeated oil spills or by aggressive clean-up activity, such as trampling or removal of oiled substrate.

What affects do oil spills have on animals?
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Birds die from oil spills if their feathers are covered in oil. The bird will then be poisoned because it will try to clean itself. Animals may die because they get hypothermia, causing their body temperature to be really low. They may die from really low body temperature. Oil may also cause the death of an animal by entering the animal’s lungs or liver.
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Sea Birds
Seabirds are strongly affected by oil spills. A seabird may get covered in the oil. The thick black oil is too heavy for the birds to fly, so they attempt to clean themselves. The bird then eats the oil to clean its feathers and poisons itself. Furthermore ,oil penetrates and opens up the structure of the plumage of  birds, reducing its insulating ability, and so making the birds more vulnerable to temperature fluctuations and much less buoyant in the water. It also impairs bird’s flight abilities, making it difficult or impossible to forage and escape from predators. As they attempt to preen, birds typically ingest oil that covers their feathers, causing kidney damage, altered liver function, and digestive tract irritation.
Sea mammals
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Whales, dolphins and seals in the open sea do not appear to be particularly at risk from oil spills. Marine mammals such as seals and otters that breed on shorelines are, however, more likely to encounter oil. Species which rely on fur to regulate their body temperature are the most vulnerable since, if the fur becomes matted with oil, the animals may die from hypothermia or overheating, depending on the season.
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Sea Otters
The otters’ bodies may get covered in oil, which causes build up in the otters’ air bubbles. These air bubbles are located in their fur and help them survive the cold oceans. They act like a covering for their body and help the otters to float. When oil builds up in the air bubbles, the otters may die of low body temperature.
Plankton

The presence of oil on open water is also patchy and transient, making it difficult to establish where and when the plankton might have been exposed to the oil. Whilst the possibility of long-term effects cannot be excluded, there is no indication that oil-induced losses of eggs and larval stages cause a significant decline in adult populations. 
Physical transport of oil after oil spill
The distribution of oil spilled on the sea surface occurs under the influence of gravitation forces. It is controlled by oil viscosity and the surface tension of water.

Only ten minutes after a spill of 1 ton of oil, the oil can disperse over a radius of 50 m, forming a slick 10-mm thick. The slick gets thinner (less than 1 mm) as oil continues to spread, covering an area of up to 12 km2.

One famous example of this is EXXON VALDEZ oil spill in which instead of weaving through the icebergs, they decided to take a new route in which they got hit by shallow land called Bligh Reef.
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An oil slick usually drifts in the same direction as the wind. While the slick thins, especially after the critical thickness of about 0.1 mm, it disintegrates into separate fragments that spread over larger and more distant areas. Storms and active turbulence speed up the dispersion of the slick and its fragments. A considerable part of oil disperses in the water as fine droplets that can be transported over large distances away from the place of the spill.
Different processes commencing after oil spill

Oxidation and Destruction
Oil on the water surface has an oxidative nature and often involve photochemical reactions under the influence of ultraviolet waves of the solar spectrum. These processes are catalyzed by some trace elements (e.g., vanadium) and inhibited (slowed) by compounds of sulfur. The final products of oxidation (hydro peroxides, phenols, carboxylic acids, ketones, aldehydes, and others) usually have increased water solubility. The reactions of photo-oxidation, photolysis in particular, initiate the polymerization and decomposition of the most complex molecules in oil composition. This increases the oil's viscosity and promotes the formation of solid oil aggregates.
Microbial degradation

The fate of most petroleum substances in the marine environment is ultimately defined by their transformation and degradation due to microbial activity. About a hundred known species of bacteria and fungi are able to use oil components to sustain their growth and metabolism. In pristine areas, their proportions usually do not exceed 0.1-1.0% of the total abundance of heterotrophic bacterial communities. In areas polluted by oil, however, this portion increases to 1-10% 

The most important environmental factors that influence hydrocarbon biodegradation include temperature, concentration of nutrients and oxygen, and, of course, species composition and abundance of oil-degrading microorganisms. These complex and interconnected factors influencing biodegradation and the variability of oil composition make interpreting and comparing available data about the rates and scale of oil biodegradation in the marine environment extremely difficult.

 Sedimentation

Some of the oil (up to 10-30%) is adsorbed on the suspended material and deposited to the bottom. This mainly happens in the narrow coastal zone and shallow waters where particulates are abundant and water is subjected to intense mixing. In deeper areas remote from the shore, sedimentation of oil (except for the heavy fractions) is an extremely slow process.

Aggregation

Oil aggregates derive from crude oil after the evaporation and dissolution of its relatively light fractions, emulsification of oil residuals, and chemical and microbial transformation. They are in the form of petroleum lumps, tar balls, or pelagic tar can be presently found both in the open and coastal waters as well as on the beaches.  The chemical composition of oil aggregates is rather changeable. However, most often, its base includes asphaltenes (up to 50%) and high molecular-weight compounds of the heavy fractions of the oil.

Oil aggregates can exist from a month to a year in the enclosed seas and up to several years in the open ocean. They complete their cycle by slowly degrading in the water column, on the shore (if they are washed there by currents), or on the sea bottom (if they lose their floating ability).

Largest oil spills

	Spill / Tanker
	Location
	Date
	Tonnes of crude oil

	Gulf War oil spill
	Persian Gulf
	January 21, 1991
	1,360,000–1,500,000

	Ixtoc I oil well
	Gulf of Mexico
	June 3, 1979–March 23, 1980
	454,000–480,000

	Atlantic Empress / Aegean Captain
	Trinidad and Tobago
	July 19, 1979
	287,000

	Fergana Valley
	Uzbekistan
	March 2, 1992
	285,000

	Nowruz oil field
	Persian Gulf
	February 1983
	260,000

	ABT Summer
	700 nautical miles (1,300 km) off Angola
	1991
	260,000

	Castillo de Bellver
	Saldanha Bay, South Africa
	August 6, 1983
	252,000

	Amoco Cadiz
	Brittany, France
	March 16, 1978
	223,000

	Amoco Haven tanker disaster
	Mediterranean Sea near Genoa, Italy
	1991
	144,000

	Odyssey
	700 nautical miles (1,300 km) off Nova Scotia, Canada
	1988
	132,000

	Sea Star
	Gulf of Oman
	December 19, 1972
	115,000

	Torrey Canyon
	Scilly Isles, UK
	March 18, 1967
	80,000–119,000

	Irenes Serenade
	Navarino Bay, Greece
	1980
	100,000

	Exxon Valdez [b]
	Gulf of Alaska
	March 24, 1989
	35,000


In 2006, the world consumed more than 3.5 billion gallons of oil each day. Sixty percent of that oil reached its destination by sea. Fortunately, due to stricter penalties and better ship design, the number of oil spills has decreased since the oil shipping boom began in the 1960s. Unfortunately, they haven't been eliminated. Between 1990 and 1999, an average of 150,000 tons of oil spilled each year into the world's waterways. 2001 was a particularly bad year, with five spills occurring within the same week.

In March 1989, the Exxon Valdez catastrophe opened the eyes of the American 

public to the problem of oil spills. The Valdez ran aground in Prince William Sound in Alaska, releasing 11 million gallons of crude oil.
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 As a result, Americans saw countless dead and dying birds and aquatic mammals covered in oil. People began to wonder just how the experts clean up oil spills.

Supertankers aren't the only sources of oil spills. Underwater pipelines, offshore oil drilling rigs, and coastal storage facilities and refineries all have the potential to accidentally release crude oil into the water.
The MARPOL convention
The MARPOL consists of 8 annexes out of which the first one is REGULATION FOR THE PREVENTION OF POLLUTION BY OIL. Within it, there are 39 regulations that help in governing and controlling the oil pollution through shipping.
· In general ships over 400 g.t. are permitted to discharge machinery space bilges into sea provided :

· The bilge water doesn’t originate from cargo pump-room bilges.

· The bilge water is not mixed with oil cargo residues.

· The vessel is proceeding en route.

· The oil in the bilge discharge does not amount to more than 15 ppm.

· This is done by the operation of the oily water separator and/or filtering system with discharge monitoring and control.

· In special areas(Mediteranean,  Baltic, Black Sea ,Red Sea ,Persian Gulf  Area)bilge discharge is permitted only when oil content is below 15 ppm and the bilge discharge monitoring and control equipment with alarm and automatic stopping device is fitted and in use.

· In respect of Antarctic area, any discharge into the sea of oil or oily mixtures from any ship shall be prohibited.
· Every oil tanker of 150 gross tonnage and above and every ship of 400 gross tonnage and above other than oil tanker shall be provided with an Oil Record Book Part I(Machinery space operations).
Restoration
Removal of bulk oil contamination either through natural processes or a well-conducted cleanup operation is the first stage of the recovery and restoration of a damaged environment. Dependent on the scale and nature of the spill, for many marine habitats, the cleanup operation is all that is necessary to promote natural recovery, and there is little further that can be done to speed up this process. 

However, in some cases, especially in circumstances where habitat recovery would otherwise be relatively slow, the cleanup operation can be followed by further measures which help restore a habitat structure. An example of such an approach following an oil spill would be to replant an area of salt marsh or mangrove after the bulk oil contamination has been removed. In this way erosion of the area would be minimized and other forms of biological life would be encouraged to return. 

In reality, the complexity of the marine environment means that there are limits to which ecological damage can be repaired by artificial means. In most cases natural recovery is likely to be relatively rapid and will only rarely be outpaced by restoration measures.

[image: image7.jpg]



Self purification
As a result of the processes previously discussed, oil in the marine environment rapidly loses its original properties and disintegrates into hydrocarbon fractions. These fractions have different chemical composition and structure and exist in different migrational forms. They undergo radical transformations that slow after reaching thermodynamic equilibrium with the environmental parameters. Their content gradually drops as a result of dispersion and degradation. Eventually, the original and intermediate compounds disappear, and carbon dioxide and water form. Such self-purification of the marine environment inevitably happens in water ecosystems if, of course, the toxic load does not exceed acceptable limits.

Methods of cleaning
Each ship shall maintain one Mk 11 Oil Spill Containment and Cleanup Kit, AEL 2-550024006, for overboard spills, and AEL 2-550024007, for spills onboard ship. These kits include shovels, gloves, coveralls, buckets, absorbent, and sufficient quantities of containers and labels at the hazardous waste accumulation facility. The Mark II Oil Containment and Clean-up kit is intended for overboard, waterborne oil spill response. The objective of the oil spill kit is to contain oil floating on the water. The absorbent in the kit floats and does not absorb water, only oil or oily substances. The Hazmat spill kit, on the other hand, is intended for on-board ship spills only. The absorbents in the hazmat spill kit absorb water and would sink if used for oil spills over the side, causing more pollution. Also, the Hazmat spill kit contains protective equipment, bags, and labels which would be applicable to a chemical spill, but are not usually required for oil spill cleanup. Ships must also have an oil spill contingency plan, and a hazardous material spill contingency plan, since each area addresses different equipment, responses, and reporting requirements. 

· A sheen is usually dispersed (but not cleaned up) with detergents which makes oil settle to the bottom. Oils that are denser than water, such as Polychlorinated biphenyls (PCBs), can be more difficult to clean as they make the seabed toxic.
· Bioremediation: use of microorganisms or biological agents to break down or remove oil.

· Bioremediation Accelerator: Oleophilic, hydrophobic chemical, containing no bacteria which chemically and physically bonds to both soluble and insoluble hydrocarbons. The Bioremidiation accelerator act as a herding agent in water and on the surface , floating molecules on the surface of water, including solubles such as phenols and BTEX, forming gel like agglomerations. By overspraying sheen with bioremediation accelerator, sheen is eliminated within minutes. Whether applied on land or on water, the nutrient-rich emulsion, creates a bloom of local, indigenous, pre-existing hydrocarbons-consuming bacteria. Those specific bacteria breakdown the hydrocarbons into water and carbon dioxide, with EPA tests showing 98% of alkanes biodegradation in 28 days; and aeromatics being biodegraded 200 times faster than in nature. Controlled burning can effectively reduce the amount of oil in water, if done properly. But it can only be done in low wind, and can cause air pollution. 
· Dispersants act as Detergents: Clustering around oil globules and allowing them to be carried away in the water. This improves the surface aesthetically, and mobilizes the oil. Smaller oil droplets, scattered by currents, may cause less harm and may degrade more easily. But the dispersed oil droplets infilterate into deeper water and can lethally contaminate corals. Recent research indicates that some dispersants are toxic to corals. In some cases, natural attenuation of oil may be most appropriate, due to the invasive nature of facilitate methods of remediation, particularly in ecologically sensitive areas.

· Dredging: For oils dispersed with detergents and other oils denser than water.
· Skimming: Requires calm water.
Equipments used includes:

· Booms: large floating barriers that round up oil and lift the oil off the water.
· Skimmers: skim the oil.

· Sorbents: large adsorbents that absorb the oil.

· Chemical and biological agents: helps to breakdown the oil.

· Vacuums: removes oil from beaches and water surface.

· Shovels and other road equipments: typically used to cleanup oil on beaches.

Prevention

· For discharge of bilges into the sea, an equipment called oily water separator is installed onboard a vessel which lowers the oil content in bilges upto 15ppm. Under the circumstances, as long as the regulations and ships are concerned, the requirements for the oily water separators to meet are as follows:


1) Stable performance to be assured against oscillation of a ship.
2) Applicability even for salt-containing oily water                                                            3) A heater is necessary if the separator is on board in the ship handling heavy fuel oils.
4) The elements cannot be clogged even with suspensible particulates or viscous oily grains, to allow the performance to be maintained stably for a long time.
5) Closed and pressurized construction is preferable for an attempt of simplification of the automatic drainage mechanism.
6) Easy maintenance and inspection.
7) Compact and lightweight.
 A new oily water separation system for ships with these points incorporated, by combining the conventional gravitational separation through the difference in specific gravity with the electrolytic floatation separation, is under preparation to be put in the market.

· Secondary containment – methods to prevent releases of oil or hydrocarbons into environment.
· Oil Spill Prevention Containment and Countermeasures (SPCC) program by the United States Environmental Protection Agency.

· Double Hulling – build double hulls into vessels, which reduces the risk and severity of a spill in case of a collision or grounding.

· Existing single-hull vessels can also be rebuilt to have a double hull. 

Conclusion

Even though there are traceable extents of pollution caused by the shipping industry, there are conventions and regulations laid down by international bodies and governments in order to control and minimize it. Hence, shipping is considered as the safest, cleanest and most environment friendly mode of transportation used today. However, even this level of pollution is not acceptable. We have to start looking not just from a business point of perspective but rather from nature’s point of view. Our aim should be to attain a zero level of pollution in the future.

This can be achieved ultimately if all the shipping bodies, management and the shipping personnel come hand in hand in realizing the seriousness of the issue.

 Hence it is high time to take some defining steps to overcome this problem. Therefore we have displayed one of the serious issue i.e. oil spill and the ways to restore and prevent it.
.
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