
Eons ago, single celled organisms dominated the land and seas. When these organisms died and decomposed, they formed sedimentary rock. With time, this sedimentary rock piled up layer by layer. But on the occasion when not enough oxygen was present to decompose the dead organisms, bacteria trapped within the rock broke down the dead matter into substances rich in carbon and hydrogen. As the layers built up, the substances were subjected to extreme heat and pressure. As time passed, the substances slowly transformed, molecule by molecule, into a useful substance we call crude oil. 

 
Crude oil's variety of uses (transportation, power) formed the first billion dollar industry. Each year, the United States alone consumes over 620 million gallons of crude oil per day (Central Intelligence Agency). Due to this dependency, millions of gallons of oil have to be transported across the ocean in supertankers each year for global consumption. When so much oil is transported almost on daily basis, it leaves room for mistakes and error. These mistakes and errors result in dangerous and harmful oil spills. Anthropogenic spills pose serious consequences to plants, animals, and shorelines. These spills require use of a variety of clean up methods. 

 
There are many causes of oil spills. An oil spill can occur during tank cleaning, when oil is runoff into the ocean. However, the more serious type of oil spill occurs when an oil tanker runs aground, or is involved in a mid sea collision with another ship. In cases like these, the oil spill can range from a few thousand to over 60 million gallons. The well publicized Exxon Valdez tragedy discharged over 10 million gallons of oil into Prince William Sound, Alaska (Santa Clara University). In another instance, an oil spill can occur during oil drilling. When the drill encounters high pressure gas, the oil wells explode and spew crude into the ocean. During the Ixtoc I disaster in the Gulf of Mexico, oil was spewed from the well at an average rate of 840,000 gallons per day. This totaled to over 140 million gallons of oil spilled (Santa Clara University). These types of oil spills are unintentional and unforeseen. However, during the Gulf War in 1991, oil was purposefully dumped in the Persian Gulf by Iraqi forces to deter a possible amphibious landing by the Americans. It is estimated that over 240 million gallons of crude oil were deliberately dumped into the Gulf (Santa Clara University). 

 
Whatever the circumstance, an oil spill can critically damage the surrounding ecosystem. In an oil spill, the oil can travel for hundreds of miles, carried by the ocean and air currents. Depending on the type of oil spilled, the oil can form a slick, a sheet of oil, hundreds of miles large. Generally, refined oil, such as gasoline and kerosene, tends to mix with the water. These oils are more toxic, but are more volatile and will evaporate faster. On the other hand, less refined oils, such as crude oil, are thicker and less toxic. These oils do not evaporate as fast and can remain on the shoreline and water for much longer. Because the oil remains in the area much longer, birds and plants are more susceptible to its devastating effects. 

 
For example, when oil comes in contact with a bird's feathers, it limits the organism's ability to preen itself. During normal preening, a bird repositions its feathers to protect itself. The feathers are carefully aligned one over the other to protect the bird from water and air. The arrangement also provides insulation and buoyancy. However when the feathers are exposed to oil, the oil sticks to the feathers, causing them to group and separate. This exposes the bird's skin to the elements resulting in hypothermia or hyperthermia. The oil also leads to increased preening (Larsen and Richardson 1990). This increase in preening causes the birds to ingest some of the oil. The oil causes fatty changes in the bird's liver, lipid pneumonia (Larsen and Richardson 1990), and severe damage to the internal organs. Because the bird is so occupied with preening, the bird neglects to feed itself. Food deprivation leads to dehydration, anemia, and exhaustion (Larsen and Richardson 1990). 

 
In the Exxon Valdez tragedy, over half a million birds were killed and injured by the 10.8 million gallons of spilled oil (Department of Zoology, University of Washington 1996). In the immediate years after the spill, the effects on reproduction, habitat use and mortality were great. Directly after the spill, seabirds experienced considerable lack of reproduction. This caused the seabird population to decline sharply. Nysewander and Fry (1993) attribute these observations to the following scenario: because the mortality of the birds was so widespread, it created a large disparity in the number of experienced and inexperienced breeders. These changes in population and social structure led to delayed courtship and egg laying. As a result of this late breeding, reproductive success was reduced and many eggs were susceptible to winter storms. Fry (1993) stated that the winter storms swept over "100,000 chicks off the cliffs to their deaths." In addition to the adverse effects on the reproduction of seabirds, the oil also affected habitat use. After the spill, Day et al. (1995) proved that mobile organisms such as birds tended to avoid unsuitable habitats. 

 
The effects of oil on birds can also be applied to sea otters. During the Exxon Valdez, an outpouring of hope and concern stemmed from the heartbreaking pictures depicting otters soaked in oil. Similar to the effects on birds, the oil affects the otter's ability to protect and feed itself. The oil seeps into the sea otter's fur, separating the tiny hairs, and exposing the otter's sensitive skin to the environment. Both sea otters and birds are extensively affected by oil. 

 
However, unlike sea otters and birds, manatees seem to largely unaffected by the physical effects of oil. In contrast to birds and sea otters, manatees depend on a layer of blubber. This layer of blubber provides for insulation and fulfills all the purposes that the fur and feathers supply for birds and otters. Because their skin repels oil, when exposed to the toxic substance, manatees "exhibit no grooming behavior that would contribute to ingestion" (Environmental Protection Agency). Nevertheless, manatees are still exposed to the harmful effects of oil. While the manatees are protected from dangerous contact with the oil, they are still exposed to the environment damaged by the oil. The oil releases volatile hydrocarbons into the air along with other toxic fumes. When the manatees are exposed to these fumes, their sensitive mucous membranes and eyes are irritated. Swimming through the oil and inhabiting the soiled environment also poses long term consequences. Prolonged exposure to the oil can lead to injured pups and reproductive disorders. The pups may ingest milk from the contaminated teats during nursing and become sick (Environmental Protection Agency). Manatees, while not affected by "direct contact" (Environmental Protection Agency) with the oil, depend on a delicate and balanced habitat to survive. 

 
Not only does oil affect animals, it also affects plants. When the oil is exposed to the environment, it has been shown to reduce diversity, lower productivity, and destroy essential nutrients. Based on Bark's (1977) study in the Arcadia Wildlife Sanctuary, the plants and vegetation experienced general decline in the first two years. This decline can be most certainly attributed to the unfavorable effects of the oil. However in the next two years, the plants experienced an increase in diversity and life. This can be ascribed to natural breakdown of the oils and the plant's inherent resiliency. Because each plant is different and has different characteristics, it can resist certain types of pollution. The species that were resistant to pollution experienced no change or an increase in population during the study. General consensus has agreed that oil generally tends to affect vegetation population in a negative manner. However, it truly depends on the type of plant being exposed. As stated before, each plant is different and thus has a varying degree of resiliency. 

 
The spill can also affect the organisms that form the basis of the food chain. The oil may be toxic to some plants and animals that other organisms depend on for food. For example, in the Exxon Valdez spill, the oil on the shoreline poisoned a large quantity of the mussels. These mussels formed the basis of diet for sea otters, sea ducks, and starfish. As a result, these animals were poisoned by the indirect consumption of oil, raising the mortality count. 

 
Clearly, oil severely affects the organisms living in a marine ecosystem. However, the oil also affects the habitat that is critical for survival. When oil comes in contact with the shore, it sticks to the sand and rocks. When heavier oils, such as crude oil, come in contact with the sand, they tend to form asphalt, a thick, sticky substance difficult and painful to clean up. The oil also has a tendency to flow between the small spaces between pebbles, rocks and sediment. If the oil is spilled in calm waters, such as marshes and bogs, the effects tend to be more devastating than if spilled in an ocean or a river. The oil stagnates in the still environment and can small form small pools that may remain in the area for years to come. However, if the oil is spilled onto a shoreline in contact with a current, the oil disperses and is exposed to sunlight, one of the first steps in breaking down the oil (Environmental Protection Agency). Another factor affecting the shoreline is the wave motion of the sea. The waves swirl around the oil slick and drive the oil down towards the ocean surface. The shoreline is a fragile system that countless organisms depend on for food and shelter. Destruction of these habitats can be just as harmful as the physical effects of oil on animals and plants. 

 
An oil spill is a dreadful event. As described above, numerous creatures are affected by its destructive potential. In order to minimize the effects of the spill, several clean up methods are used to neutralize and contain the spill. 

 
When the oil is first spilled, the volatile fractions in the oil start to evaporate. In only twelve hours, as much as fifty percent of the volatile hydrocarbons can evaporate, leaving only the heavier hydrocarbons in the water. The currents in the ocean also act as a natural cleansing agent. As the waves repeatedly crash, the oil slowly starts to break up and disperse, limiting the damage the oil can cause (Environmental Protection Agency). 

 However, evaporation and the ocean currents cannot single-handedly clean up the oil. A common method in clean up operations is use of boomers and skimmers. Boomers float on the surface of the water and surround the spill to contain the oil. Boomers also help to protect delicate shorelines from the oil. Once the oil has been contained, skimmer boats come to scoop up the contained oil. However, there are several drawbacks to this method. In rough seas, the booms are useless because their positions are disturbed by the constant movement of the ocean. As a result, the oil cannot be contained. Consequently, the oil is free to spread on the water creating a thin oil sheen. Because the slick is thin, skimmers are ineffective because the slick is too thin and cannot be dragged and scooped up by the machine. This method is most effective when the booms are placed almost immediately after the spill. Thus, most of the oil is contained and the skimmers can be very successful (Terry 1991). 

 
Bioremediation can also be used to conquer the effects of an oil spill. This technique has shown promising effects and is more natural and versatile than skimmers and boomers. "Bioremediation involves the degradation of petroleum products by microorganisms" ( Department of Zoology, University of Washington, 1996). When this technique is applied, the oil "eating" bacteria is fertilized near the shorelines to eliminate oil. While this technique is safe, it is slow and time consuming. In addition, the technique can only be employed near shorelines where the "oil eating bacteria" is found. 

 While skimmers, boomers, and bioremediation are designed for large scale cleanup, the use of absorbents is extensive in manual cleanup. Absorbents are used to clean shorelines by absorbing the oil. Workers scrub oiled rocks with the absorbents to try and remove the oil from seeping into the sand. In addition to absorbents, the shorelines are ridded of the oil by using high pressure hot water washing. Pressure washing removes the oil from the beach efficiently and quickly. However in a study conducted in Prince William Sound, results showed that pressure washing, while removing fifteen to twenty-seven percent of the oil, also multiplied the number of dead mussels by a factor of 20. In addition, results showed that washing also reduced the diversity of species in the area (Department of Zoology, University of Washington 1996). While pressure washing is an effective clean up method, the negatives far outweigh the positives. 

 
Another technique sometimes used is burning. The oil slick is burned in a controlled a fashion. However, there are many problems with this method. The fire has to be protected other wise a strong wind could extinguish it. Also the fumes must be blowing away from the spill site; otherwise the area would become more polluted. Finally, the oil is wasted and cannot be collected or reused. The method is very difficult to execute and is only employed in extreme situations. 

 
Dispersants can also be used to aid in oil cleanup. Dispersants contain chemicals, such as detergents, that dissolve and break up oil on the surface. As a result, the oil disperses and is "more likely to go through the biodegradation process" (Terry 1991). These dispersants can be used to clean oiled birds. The detergents are dilute and present in minute quantities. The birds are repeatedly washed with the solution, removing the oil stuck between the feathers. This method can also be applied to other animals that contain oiled fur, such as seals and otters. 

 
While in theory dispersants seem like a good idea, they can actually cause much harm. If the dispersants are not used in rough seas where they work best, the chemicals can disturb and kill sensitive organisms. Additionally, the dispersants can only be used when the oil is still fresh. Once the oil has thickened, the dispersants have no effect (Terry 1991). Although dispersants are useful in dilute quantities they can be harmful and ineffective when deployed improperly and in large amounts. 

 
Oil is truly ubiquitous in its nature. Ever since it was refined in 1848, crude oil has revolutionized modern history. It has truly powered the century, making ideas such as automobiles and space travel possible. But for all its uses, oil can be a bane or a boon. If it is utilized properly, it allows for unimaginable feats to be accomplished. But when it is not, it can lead to oil spills and severe consequences. In an oil spill, animals and plants die from the contamination while pristine shorelines are soiled by the sticky and permeating substance. Although the clean up methods mentioned above can rid some of the oil, it must be remembered that no amount of clean up can remove all of the oil. Even 17 years after the Exxon Valdez spill, oil can still be detected beneath the sands of Prince William Sound. 

