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ABSTRACT 
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Petroleum (oil) is an essential natural resource for modern industrial society; it is used to 

produce energy and materials, which serve a variety of manufacturing, industrial and consumer 

needs. However, extensive oil extraction, transport and use have resulted in many accidental oil 

spills. USA Today reported in 2010 that the number of spills in the US has more than quadrupled 

over the previous decade. Oil spills pose hazards to both humans and wildlife, and adversely 

affect local ecosystems. It is therefore important for governments, industry and emergency 

managers to understand, appreciate, and hopefully improve strategies for oil cleanup. It is 

essential to review both the strategies that have worked and those that have not, so that optimal 

methods for handling such catastrophic events can be clearly identified. This report will serve as 

a case study analysis to assess best- and worst-case oil cleanup methods; by categorizing 

previous events based on gravity of the spill, cleanup success levels, length of time for 

remediation, and type of affected environment, more effective strategies can be developed for 
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evaluating and managing cleanup efforts. This includes more rapid oil spill cleanup with minimal 

impact on the local environment. The case studies reveal that human error is the single most 

important factor correlating with risk of oil spills; therefore, more effort should be spent towards 

prevention than on the development of new technologies for cleanup response. However, when 

the inevitable oil spill occurs, bioremediation and dispersant application are concluded to be the 

preferred methods. 

Keywords: petroleum, toxicity, environmental damage, biodegradation, recovery 
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I.  Executive Summary 

Petroleum, or oil, is a fossil fuel essential to the effective functioning of modern society. 

Oil has a wide variety of applications including transportation, machinery lubrication, heating, 

and the manufacture of fertilizers, petrochemicals and plastics. However, it is as the refined fuels 

gasoline, diesel, and jet fuel that oil is primarily in demand.  

 In order to obtain oil, a well must be drilled into the subsurface to extract it, following 

which it is transported to a refinery and then separated into various useful fractions. Currently 

there are over 65,000 oil wells of varying sizes located around the world (Oil, 2014). Ninety-five 

percent of all known oil is located in just 1,500 of those wells (Oil, 2014). 

 A significant percentage of oil spills are a consequence of human error during oil removal 

and processing (DUJS, 2012). Oil has been released during extraction, processing, transportation, 

storage and management (Farrington and MacDowell, 2004). The oil causes harm to all 

ecosystems it contacts, resulting in a range of detrimental effects. Researching the causes and 

prevention of oil spills is important in order to protect public health and the environment. To 

prevent the accidental release of oil and its consequences, it is of critical importance to 

understand: (1) the cause of the spill; (2) what receptors are affected by the spill; (3) what are the 

best oil spill management methods; and (4) what can be done to prevent future spills.  

In	  recent	  decades,	  oil	  spill	  cleanup	  methods	  have	  been	  applied	  with	  mixed	  success	  	  

and	  have	  continued	  to	  improve	  over	  time;	  however,	  improvements	  are	  still	  necessary.	  

Cleanup	  technologies	  may	  be	  enhanced	  via	  detailed	  research	  of	  the	  topic	  including	  

identification	  of	  successful	  trends,	  suggesting	  modifications	  of	  existing	  methods,	  and	  

determining	  innovative	  approaches.	  	  	  
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II. Background  

Over the past century, oil spills have posed serious risks worldwide to land, air and 

aquatic environments (Othumpangat and Castranova, 2014). Wherever extensive drilling takes 

place there is a possibility for a spill. Therefore, drilling companies, emergency response teams, 

and national governments must be prepared for the timely and efficient management of this type 

of crisis. This presents a challenge worldwide, because despite great advances in technology, oil 

spills remain increasingly difficult to manage and control (Othumpangat and Castranova, 2014). 

No cleanup method has been shown to be 100% reliable and effective. 

Numerous published studies have focused on oil spills and their effects on the 

environment. Large-scale spills date to the 19th century; some have involved the release of over 

500 million gallons with catastrophic results (Spill Prevention, 2014).  

Biota and local environments are greatly affected by oil spills. In addition, the fishing 

industry, recreational areas, and public water supplies all suffer following a spill. Inadequate 

cleanup causes long-lasting health effects for populations living in areas surrounding oil spills. 

Onwurah et al. (2007) explained that spills that are not cleaned up sufficiently could seep into the 

soil and contaminate strata surrounding potential drinking water supplies. Onwurah et al. (2007) 

explained that too often cleanups do not eliminate the pollutants that contaminate air, water and 

soil after spills. Cleanup efforts following oil spills have often proven ineffective, costly, and 

extremely difficult, and do not fully rehabilitate the affected areas. Therefore, the prevention of 

oil spills is by far the most important means of handling oil pollution.  

Previous studies have focused on case analysis of specific spills and their effects. 

Solomon and Janseen (2010) examined the long- and short-term effects of the Deepwater 

Horizon oil spill and found that ecosystems will suffer for decades while recovering from a spill. 
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Kujawinski et al. (2011) researched the cause behind the Deepqater spill (2010), and reported 

significant findings and offered proposals regarding design and operation of future wells in deep 

oceans. All these researchers selected a single oil spill and examined different aspects of the 

catastrophe; all sought to acquire new information that could shed light on cleaning future spills 

as well as preventing spills. Thus, previous research is rich in case studies addressing cleanup 

and prevention strategies for oil spills.  

Research Question 

The present study will embrace a comprehensive review of published literature to identify 

oil spill cleanup trends in marine environments over the past 30 years. By categorizing this data 

using selected criteria, the most effective methods will be presented, along with those of limited 

utility. The data will then be evaluated to address the following questions: How can oil 

companies make the cleanup process more efficient and effective? Furthermore, is there a 

possibility of developing a universal approach to oil spill cleanup efforts that combines new and 

novel technologies with past successful strategies? By answering these questions, a 

determination can be made regarding which methods should be set aside and which should be 

employed with greater emphasis. Additionally, attempts will be made to determine if cleanup 

methods can be employed regardless of the affected site, or if specific methods work only for 

certain environments. While some response agencies and oil companies may consider a specific 

cleanup method to be optimal, it may subsequently be determined that this is not the case, when 

damage emerges years later.  

Goals, Objectives and Significance 

 The primary goal of the reported research is to compare and contrast successful oil spill 

cleanups with unsuccessful methods in order to identify optimal methods for addressing future 
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cleanups. Past studies have focused on both effective and ineffective strategies; thus, it is 

important to examine the lessons learned from previous efforts and how to change response 

tactics to handle future events. The reported study will attempt to answer these questions through 

case analyses of major oil spills.  
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III.  Literature Review 

 Hundreds of thousands of oil spills have devastated marine, freshwater and terrestrial 

ecosystems throughout modern times (Brette et al., 2014; Craig, 2011). Different methods have 

been used in different environments in order to account for local human populations and the 

varied species of biota and their needs in an affected ecosystem. When evaluating the impact of 

oil spills on land and in water, two main groupings of methods tend to be industry standards: 

mechanical containment and recovery, and chemical/ biological. 

 Mechanical containment and recovery methods are those most regularly used; these 

techniques remove oil from the affected area as quickly as possible. Additional sub-methods 

include so-called ‘skimming’ and application of sorbent materials. The oil that is collected is 

transferred to a suitable container and then treated for eventual use. Figure 1 shows one example 

of mechanical containment and recovery using an inflatable boom. 

 
                                                          

Figure 1. Inflatable boom used to contain heavy oil spill.  
Source: www.iptof.com 
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 Biological and chemical treatment of released oil is sometimes used in concert with 

mechanical methods. Biological methods attempt to promote the growth of microbes that may 

feed upon oily residues while chemical methods are designed to disperse the oil. These methods 

are especially helpful when working in environments where marine and coastal species are 

particularly sensitive and must be protected.  

 Although the number of oil spills worldwide has decreased dramatically over the past 

three decades, there is still an average of 1.8 spills per year that release approximately 114,000 

gallons into the oceans (ITOPF, 2014). Thus, the number of spills may be lower, but the quantity 

of oil spilled in these isolated, but large, incidents can be disastrous.  

Properties of Petroleum 

Crude oil obtained from the subsurface has many uses. Through the process of fractional 

distillation, the components of crude oil can be broken down into various components, usually 

through reaching a particular boiling temperature. Key fractions of crude oil include: fuel and 

refinery gas, gasoline, naptha, paraffin and kerosene, diesel and gas oil, and bitumen. These 

fractions are generally less dense than water, thus allowing them to float at the surface of the 

water. Refinery gas and gasoline are extremely volatile while paraffin, kerosene, diesel, and 

bitumen have lower volatility.  

The various fractions of petroleum may be acutely toxic to ecosystems and its 

inhabitants. For example, one component of oil, benzene, is a known carcinogen. Polycyclic 

aromatic hydrocarbons (PAHs) can cause cancer and genetic mutations. Not only can PAHs have 

damaging effects on aquatic life during an oil spill, they can also potentially harm individuals 

who later consume the animals containing PAHs. Components of petroleum have been 

demonstrated to reduce maternal weight of rats, decrease litter size, decrease fetal weight, cause 
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irritation of the eyes and skin, result in potential chromosomal defects in successive generations, 

and exacerbate mortality rates of fetuses (EPA, 2011). In addition to long-term effects on biota, 

the highly volatile characteristics of crude oil increase the probability of fires and explosions.  

The International Tanker Owners Pollution Federation (ITOPF) 

The International Tanker Owners Pollution Federation (ITOPF) is a non-profit 

organization that was developed specifically to assist tanker and ship owners, as well as the 

companies that insure them, with technical advice on the management of oil and chemical spills 

(ITOPF, 2012). ITOPF has been involved in response to over 700 oil or chemical spills 

worldwide (ITOPF, 2012).  Its services are designed for rapid response to spills, assessment of 

environmental damage caused by the spill, and evaluation of claims for compensation. It also 

helps governments and industries develop contingency plans regarding pollution associated with 

spills, and share its technical knowledge and professional experience through training programs.  

ITOPF is the main source of comprehensive information for accidental oil spills and 

pollution and maintains a vast database of oil and chemical spill incidents. It has also developed 

a Geographic Information System (GIS) database to store and manage global data on the traffic 

of oil and chemical tankers.  

Conventional Management of Oil Spills 

Spill Notification 

In the event of an oil spill in United States waters, the first point of contact is the National 

Response Center, US Coast Guard in Washington D.C., followed by notification to the proper 

State authority (ITOPF, 2012). The recognized competent national authority on spills is the 

Office of Current Operation, US Coast Guard in Washington, DC. 
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Regional and Bilateral Agreements 

The United States has bilateral agreements for collaboration on oil spill response with 

Bermuda, Canada, Japan, Mexico and the Russian Federation.   

Spill Response Measures    

The Oil Pollution Act of 1990 (OPA, 1990) controls spill response within the United 

States. OPA 1990 requires tankers within US waters to follow their own vessel response plan 

(VRP) (ITOPF, 2012). The plan must detail the resources available to handle oil spills under a 

variety of scenarios, including the loss of the entire cargo, and must identify the Qualified 

Individual that has been given full authority to implement the VRP with a spill management 

team.  

Under OPA 1990, the size of the vessel responsible for an oil spill determines the extent 

of liability for the costs of removal and pollution damage. However, OPA 1990 does not limit 

liability if the polluter does not manage the spill according to regulations, and some states do not 

recognize a cap on liability. OPA1990 requires that the vessel responsible for the release must 

coordinate its respond to the crisis with a designated Federal On-Scene Coordinator (FOSC). If 

the FOSC does not approve with the liable parties regarding how the spill is being managed, the 

FOSC has the right to take over management of the spill and hire contractors at the owner’s 

expense (ITOPF, 2012). 

The response to an oil spill depends on the type and gravity of spill. The FOSC, State On-

Scene Coordinator (SOSC) and the vessel’s Responsible Party (RP) respond to standard oil spills 

in coastal waters under joint command. In addition, a more comprehensive Incident Command 

System (ICS) is established to monitor cooperation between all parties concerned, including all 

relevant government agencies, private contractors and other parties of interest. The focus of the 
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ICS is on planning, operations, logistics and finance. The United States Coast Guard (USCG) is 

closely involved with response to spills in marine environments – the USCG selects the FOSC 

from the USCG Marine Safety Unit where the accident occurred. 

A National Incident Task Force, under a National Incident Commander designated from 

the USCG, controls the management of the most severe spills. The USCG National Strike Force 

Coordination Centre guides the cleanup in coordination with a multiagency local response team 

that includes a Scientific Support Coordinator from the National Oceanic and Atmospheric 

Administration (NOAA), the Department of the Interior and the US Army Corp. of Engineers, 

and the center of command is the Joint Operations Centre (JOC) (NOAA, n.d.). In addition, there 

is also National Response Team (NRT) involving 16 federal agencies with the EPA as chairman 

and the USCG as vice-chairman. Regional Response Teams (RRT) have been established for 

each federal region: Alaska, the Caribbean and the Pacific Basin. The roles of the NRT and RRT 

are to plan and coordinate the spill from a distance according to their own contingency plans 

(ITOPF, 2012).  

Response Policy  

The official international response to oil spills is to first mobilize the officially pre-

approved mechanical equipment to contain and recover the oil and to use dispersants to break up 

the oil layer (ITOPF, 2012). FOSC is authorized to manage the spill through the use of pre-

approved dispersants and in-situ burning if the area of the spill is located within three nautical 

miles from the US coastline and to depths greater than 10 meters (ITOPF, 2012).  

Government Equipment 

The USCG has at its command a vast arsenal of strategically placed equipment along US 

coastlines, as well as vessels designed to manage this equipment (ITOPF, 2012). The USCG and 
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National Guard have aircraft and helicopters for the transportation and monitoring of equipment 

and surveillance of the spill. USCG personnel are trained to use the equipment. These resources 

support those from private sectors. The US Navy also has an enormous cache of equipment at its 

bases to manage their own spills that may be used if needed.  

Private Equipment 

The USCG has approved over 100 Oil Spill Removal Organizations (OSROs) to operate 

in designated areas within US waters. The main OSROs are the Marine Spill Response 

Corporation (MSRC) and National Response Corporation (NRC). The MSRC and NRC have 

specially equipped response vessels deployed along US coastlines (ITOPF, 2012).  

The major oil companies established Clean Caribbean & Americas (CCA) to manage oil 

spills off the coast of Florida, mainly in the Caribbean region. CCA keeps equipment ready for 

immediate transport by air. Alyeska, the consortium which manages the Trans-Alaska Pipeline, 

possesses a great deal of equipment, including designated vessels, to manage spills along the 

coast of Alaska. Most oil handling facilities are equipped with spill response equipment (ITOPF, 

2012).  

Successful Methods of Spill Cleanup 

            Sorbent materials have recently been found to be a successful, innovative way to clean oil 

spills. Idris et al. (2014) explained that sorbents are materials that have a high affinity for oil 

while being able to repel water. The researchers performed tests on empty palm fruit branches, 

which is typically disposed as waste. This tissue was found to serve as an economical and 

effective way to remove oil. This sorbent material is important to consider for large-scale 

operations as it is not only effective for cleanup but is also cost-effective.  
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Choi and Cloud (1992) found that in soil-based environments, natural fiber sorbents 

could be used effectively to absorb oil after a spill and successfully remove oil from soils. 

Specifically, they found that milkweed (Asclepias syriaca) was most successful, followed by 

cotton (Gossypium spp.) fiber. These materials were successful because they increase the 

efficiency of oil absorption while at the same time being biodegradable. Choi and Cloud (1992) 

showed that sorption methods could successfully be combined with other popular methods to 

make the oil cleanup effort more efficient overall. The sorption method is not meant to be used 

alone, but in conjunction with proven methods. 

 Bragg et al. (1994) found that an important factor in using biological oil cleanup methods 

is to first identify the types and amounts of nutrients needed in a particular ecosystem for 

bioremediation with nitrogen-containing fertilizers and identifying microbial development rather 

than introducing a predetermined mix of inorganic compounds. This is important to note because 

while methods can be planned to an extent, many details of the cleanup operation must be 

decided on-site. By recognizing that each case is different, that nutrient levels often fluctuate 

with changes that occur in a particular habitat, and that each habitat requires different levels of 

effort when responding, cleanup workers can ensure that nutrient levels are appropriate. Bragg et 

al. (1994) explained that adjusting levels on-site helps ensure that all marine and estuarine life 

remains safe during and after cleanup.   

 Cheng et al. (2011) developed a spill cleanup device that was multifunctional; it would 

work under a wide variety of conditions including high wave activity. Cheng et al. (2011) 

explained that this device worked in multiple experimental tests with different manufactured 

situations. The device is equipped with so-called ‘quantum wells’ that separate oily materials. In 

an oil spill, this device could separate the oil from the environmental media that was originally 
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contaminated, such as soil or seawater. This device integrates the functions of a variety of 

mechanical cleanup methods, including booms, sorbents, skimmers and water-oil separation 

devices.  

 A new possibility for successful oil cleanup was introduced by Wang and Yuan (2014), 

who explained that once scientists learn how to create and use three-dimensional materials based 

on graphene, the materials could well become one of the most successful ways to remove oil 

from affected areas. Graphene is essentially a two-dimensional sheet that is made up of one-atom 

carbons that form a honeycomb lattice structure. Graphene has an extremely high surface area 

and is hydrophobic in nature, making it ideal for separating oil and water (Wang and Yuan, 

2014). Such materials may be difficult to adapt for various environments, however.  

Unsuccessful Methods of Spill Cleanup 

 Bernabeu et al. (2009) found that years following the Prestige Oil Spill of November 

2002 in Galicia, Spain, significant quantities of oil remained following the cleanup. Moreover, 

they found that current sampling methods used to evaluate the amount of oil remaining in the soil 

are not reliable because they fail to reach oil buried deep in the sand. This finding is important to 

note, because it implies that certain methods leave oil behind and in proximity to the surface.  

         One means of determining possible long-term success of a cleanup operation is to note 

possibles impacts on human populations. Webler and Lord (2010) explained that many times 

planners look primarily at effects on ecological factors and how to prevent further impacts. The 

authors suggest that many oil spill cleanups have been unsuccessful because areas thought to 

have been cleaned remained harmful to human health. In addition, Craig (2011) explained that 

current methods are unsuccessful because planners believe that the areas affected are more 

resilient than they really are. Through believing that complex underwater ecosystems can 
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withstand more than they actually can, the cleanup does not assess factors that are thought to 

resolve on their own. 

Major Oil Spills in the Gulf of Mexico and other U.S. Waters 

 The Gulf of Mexico has been the scene of numerous cases of accidental oil spills by oil 

rigs and tankers. Most serious accidents in American waters have occurred in the Gulf of 

Mexico, and the risk of another such incident in this area is high. The Gulf of Mexico contains 

numerous oil rigs and pipelines and is used by tankers to transport oil. Figure 2 shows oil rigs or 

platforms and pipelines in the Gulf of Mexico. 

 

 
 

Figure 2.  Oil rigs or platforms (in red) and pipelines (gray and green) in the Gulf of Mexico. 
Source: green.blogs.nytimes.com 
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There have been five major oil spill incidents in the Gulf of Mexico, from the IXTOC 

blowout of 1979 to the Deepwater Horizon incident of 2010. These include the Burma Agate 

collision (1979), the grounding of the Mega Borg (1990), the Tampa Bay incident (1993) and the 

devastation of hurricanes Katrina and Rita (2005). 

IXTOC I, 1979. The 1979 blowout of the exploratory well in Mexico’s Bay of 

Campeche was not only the first, but also the worst, accidental oil spill in history prior to the 

Deepwater Horizon spill (NOAA, n.d.). It took engineers and technicians one year to cap the 

well; between 420,000 and 1.2 million gallons of crude oil was lost per day during the eight 

months following the blowout, amounting to a total loss of over 200 million gallons of crude oil. 

Figure 3 shows the site of the IXTOC I incident in relation to that of Deepwater Horizon. 

 
                      

Figure 3. Ixtoc oil spill movement in black compared to Deepwater Horizon oil spill 
movement in red. Source: NOAA, Unified Command. 
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Burma Agate, 1979. The Burma Agate exploded following a collision with a freighter 

near Galveston, Texas, spilling 2.6 million gallons of oil into the Gulf of Mexico and killing 31 

crew members (NOAA, n.d.). The oil from the spill continued to burn for months. 

Mega Borg, 1990. A megatanker suffered an explosion in its pump room while in the 

process of transferring oil to smaller ships (NOAA, n.d.). The megatanker caught fire and 4.2 

million gallons of oil were lost to spillage or fire. The fire burned for a week and was so large 

and intense that firefighters could only pump seawater onto it.  

Tampa Bay Fuel Oil Spill, 1993. The collision of three barges carrying fuel oil and jet 

fuel in Tampa Bay caused the spillage of 14 million gallons of fuel into the bay.  Response by 

state and federal agencies to contain the material was quick, mitigating a substantial amount of 

the potential damage (NOAA, n.d.). 

Hurricanes Katrina and Rita, 2005. The Gulf of Mexico was hit by two major 

hurricanes in a single year, resulting in losses of approximately 7-10 million gallons of oil and 

petroleum products from a variety of sources, including oil pipelines and storage tanks, drill rigs, 

production platforms and industrial plants (NOAA, n.d.). Hurricane Katrina tore one platform 

from its moorings and the platform drifted near Mobile, Alabama.  

The above events, though major, could have been worse, given that during a span of three 

decades only five major accidents occurred and only two involved oil platforms or wells, out of 

roughly 4,400 wells and 6,600 platforms or wells in the Gulf of Mexico.  

Deepwater Horizon, 2010. No accidental oil spill anywhere in the world can compare to 

the disaster of 2010, when the Deepwater Horizon offshore drilling rig exploded and sank in the 

Gulf of Mexico, discharging about 210 million gallons of oil (NOAA, n.d.). The first 

intervention involved the use of dispersants, nearly half of which were injected at the source of 
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the spill 2 km below the ocean surface. In-situ burning was also used to reduce the volume of 

pollutants reaching coastal ecosystems. The success of this intervention has been attributed to the 

distance of the spill from the coastline, which lowered the public health risk of exposure to toxic 

substances. Furthermore, the unbroken flow of oil from the wellhead allowed for burning.  

A summary of all major oil spills in US waters is provided in Table 1. 

Table 1. Summary of major oil spill incidents in US waters. 
 

Date 
 

Oil Spill 
 

Location 
 

Coordinates 
 

Cause 
Volume  

(106 

gals) 

Area 
(103 
km2) 

1969 Union Oil Co. Santa Barbara Channel  Drilling rig 
blowout 

3  

1976 MV Argo Merchant Nantucket Island 41.033ON69.45 OW Ran aground 7.7 n.d.a.* 
1979 IXTOC 1 Mexico’s Bay of Campeche  Exploratory 

well blowout 
140 2,800 

1989 Exxon Valdez Prince William Sound 61°N 147°W Ran aground 20-30 750 
1990 Mega Borg Gulf of Mexico 60 miles from the 

coast of Texas 
Pump room 
explosion 

5.1 n.d.a. 

1993 Bouchard B155 Tampa Bay  Collision .336  
2000 Westchester Port Sulphur  Ran aground .567  
2004 MV Selendang Ayu Makushin and Skan Bays  Ran aground .337  
2005 Hurricane Katrina Gulf of Mexico Louisiana Act of God 8 n.d.a. 
2006 CITGO Refinery Calcasieu River banks  Waste oil 

spill 
accident 

.07  

2008 Barge Mississippi River  Collision .419  
2009 458-foot Vessel Houston Ship Channel  Collision .01  
2010 Eagle Otome Sabine-Neches Waterway  Collision .462  
2010 Cypress Pipe 

Company 
Delta National Wildlife 

Refuge 
 Breakage of 

pipeline 
.018  

2010 Deepwater Horizon Gulf of Mexico 28O 4417.3’’N 
88O 21’ 57.4’’W 

Wellhead 
blowout 

210 6.5 to 
176.1 

*n.d.a. = No data available 
Data collated from NOAA and ITOPF databases. 
 
Management Methods for Oil Spills 

Oils spills have been polluting land and oceans for decades and public pressure has 

resulted in improvements in the way oil is recovered and how spills are managed. Nevertheless, a 

significant number of oil spills continue to pollute vulnerable marine and coastal environments. 

The management of oil spills requires an estimate of the amount of oil discharge into marine 

waters, determination of the best cleanup methods available, and an evaluation of the short-term 

and long-term impact of the spill on the environment. 
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Mechanical Containment or Recovery 

Current Methods 

Early response to oil spill cleanup includes the use of mechanical methods to first 

contain, and then recover, the oil from the water surface. These methods include booms, 

skimmers and sorbents. 

Booms. Booms are effective in cleanups where the spill is concentrated in a single 

location (ITOPF, 2012; NOAA, n.d.). Booms are used to fence off the area of the spill to prevent 

the oil from spreading. Booms float on the ocean surface and are composed of three parts: a 

‘freeboard’ that floats above the water surface, enclosing the oil and preventing it from 

overflowing over the top; a ‘skirt’ below the surface that prevents the oil from escaping under the 

booms; and a cable that holds the boom together. The booms come in sections that are connected 

at the site of the incident (Fig. 4). 

 

 
 

Figure 4. Two vessels tow and strap the oil spill using the inflatable boom. 
Source: edu.gloster.com 
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Skimmers. Skimmers remove oil once it has been contained within booms (Fig. 5). 

Skimmers recover and blot the oil off the water surface, or physically separate the oil from the 

water to be stored in tanks or barges brought to the spill point. A significant quantity of oil can 

be recovered with the use of skimmers (ITOPF, 2012; NOAA, n.d.). Skimmers are, however, 

prone to becoming clogged and are thus not very effective in the management of large spills or in 

rough waters.  

 
 

Figure 5. Oil response Weir skimmer. 
Source:  oilspillresponse.gr 

 
 

Sorbents. Sorbent are used to soak up oil through absorption or adsorption processes 

(ITOPF, 2012; NOAA, n.d.). Oil is attracted to the surface of certain materials (adsorption), thus 

facilitating its removal from water. Hay and vermiculite are often used to clean up beaches near 

an oil spill. The problem with using sorbents is that once they are coated with oil, their density 

increases, causing them to sink to the bottom with consequent potential harm to the marine 

environment. Absorbents are often used to soak up oil from the bodies of affected animals. 
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Table 2. Sorbent materials used in oil spills. 
 

Natural Organic Natural Inorganic Synthetic 
 

Peat Moss Clay Polyurethane 
Straw Glass wool Polyethylene 
Hay Volcanic ash Polypropylene 

Sawdust Sand Rubber 
Feathers Perlite  

 Vermiculite  
Source:  http://www2.epa.gov/emergency-response/sorbents 

 

Future Methods 

There is a great demand, from both economic and environmental perspectives, for 

innovative methods to separate oil and water mixtures while simultaneously recovering oil. Song 

et al. (2014) developed a prototype for a self-driven, one-step oil removal device to manage oil 

spills. The device uses a superhydrophobic and superoleophilic stainless steel mesh that 

simultaneously draws in floating oil, separates it from water and then collects it into a container; 

collection efficiency for oils is reported to be over 94%. The prototype device is stable, reliable, 

and shows great potential for cost-effective and efficient cleanup of large oil spills on ocean 

water.  

Pham and Dickerson (2014) tested the sorption capacity of superhydrophobic  

silanized melamine sponges in oil spill cleanups. The sponges were shown to have 

 exceptional sorption capacity for a wide variety of oils and their organic components,  

absorbing 122 times their own weight on average. Moreover, the sponges were easy and  

cost-effective to manufacture in large quantities; were highly selective; and were recyclable, 

maintaining their absorption capacity (> 90%) after 1000 runs. The results show that 

superhydrophobic silanized melamine sponges offer promise as an effective method for 

management of oil spill containment and environmental remediation. 
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Burning Oil from Slicks 

The quickest and most effective method to manage an oil spill is burning (ITOPF, 2012; 

NOAA, n.d.). Up to 98% of the oil spilled can be removed by burning, provided the oil layer is at 

least 3 mm thick and relatively fresh. This technique was used successfully for managing the 

spills from the IXTOC 1 and the Exxon Valdez disasters, and to some extent the Deepwater 

Horizon spill. However, burning oil imparts several health hazards including damage to airways 

of the nose, mouth, and lungs, and can produce effects such as coughing and black mucous.  

Use of Oil Dispersants  

A surfactant, short for ‘surface-active agent’, is an organic compound that decreases the 

surface tension between a liquid and solid or between two liquids. Regarding oil spills, 

surfactants act as a dispersant to break down and isolate oily compounds from water molecules.  

Surfactant molecules are composed of two parts: a hydrophilic and a hydrophobic 

portion. The hydrophilic component, usually the polar head of the compound, is water-soluble. 

The hydrophobic component, the tail of the compound, is water-insoluble (i.e., fat-soluble). 

Surfactants are termed amphiphiles because of this combined hydrophobic/hydrophilic 

composition. Due to their unique composition, surfactant molecules tend to form aggregates 

around hydrocarbons termed micelles. The general micelle structure involves the hydrophobic 

tail contacting the hydrocarbon while the water-soluble head interacts with water molecules 

(Figure 6). This characteristic isolates the oil droplets within water.  

The hydrophobic tail has a tendency to be similar in composition to a chain of 

hydrocarbons. However, surfactants are characterized based on the ionic charge of their polar 

heads. Some heads can have non-ionic groups, such as fatty alcohols. Hydrophilic heads that 

have net negative charge are termed anionic. Anionic surfactants contain groups such as sulfates 
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and carboxylates that produce the overall negative charge. Heads that have a net positive charge 

are termed cationic.  

 

 
 

Figure 6. Schematic showing surfactant molecules surrounding an oily hydrocarbon. 
 

 
Chemicals are used to break up the oil layer on the water surface by breaking down the 

oil into smaller particles or droplets that then disperse or mix with the water. Dispersants are 

delivered in aerosolized form either by boat or aircraft. Oil dispersants are a mixture of 

surfactants and solvents that break down oil into small droplets. The small droplets are easier to 

degrade by indigenous marine microorganisms. The biggest problem with this method is that 

dispersants can harm marine life; the dispersed oil can remain in water for long periods, where it 

is toxic to marine life.  

The use of dispersants involves a trade-off between exposing coastal life to surface oil 

and exposing marine life to dispersed oil. Both toxins in the dispersed oil droplets and those in 

dispersants may harm marine organisms. While the use of dispersants can lower the total amount 
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of oil that eventually ends up on beaches, it can also increase the saturation of oil into coastal 

terrain, thus making biodegradation more difficult (NOAA, n.d.). 

The IXTOC I cleanup used approximately 1.3 million gallons of surfactants to disperse 

roughly 132 million gallons of oil while only 2,113 gallons were used on the cleanup of 13.2 

million gallons in the Exxon Valdez disaster (ITOPF, 2012; NOAA, n.d.). After the Deepwater 

Horizon spill, nearly 2 million gallons of Corexit® was used to reduce the volume of surface oil 

and mitigate damage to coastal habitats. This quantity represents one-third of the world's supply 

of Corexit. The use of this dispersant was controversial because Corexit is known to be toxic; a 

study conducted two years after the spill (Main, 2012) found that the chemical was 52 times 

more toxic than the oil it was used to remove, and significantly increased the impact of the oil 

spill on the environment. 

The behavior of surfactants depends in part on its hydrophilic-lipophilic (HLB) balance 

value. Oil dispersants usually have HLB values ranging from 8 to18 on a scale of 0-20, where an 

HLB value of 0 represents the most lipophilic, and an HLB value of 20, the most hydrophilic 

surfactant. The goal is to use a surfactant that is hydrophobic in oil and hydrophilic in water. 

Future Techniques 

Rizvi et al. (2014) studied the hydrophobic (‘water hating’) and oleophilic (‘oil loving’) 

properties of open-cell polymer foams composed of a blend of polypropylene (PP) and 

polytetrafluoroethylene (PTFE) materials (Fig. 7). The foam is low density and has a potential 

oil storage capacity of 92%. The foam was shown to be superhydrophobic and exhibited high 

selectively from water towards a variety of petroleum products. The foam also had high uptake 

capacity that could be enhanced by exposure to high intensity ultrasound. The foam has 

exceptional elasticity that prevents it from undergoing irreversible deformation after it is 
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compressed to remove the oil. These open-cell foams were found to outperform other PP- and 

PTFE-based absorbents currently used in the cleanup of oil spills (Rizvi et al., 2014). 

 

 

 
                                             

 
Figure 7. Open-cell polymer foams in oil spill removal.  

Source: Rizvi et al., 2014. 
 
 

Liu et al. (2015) tested a superhydrophobic and superoleophilic textile specially designed 

for the separation of oil and water and the selective adsorption of oil. The special properties of 

the textile were created by addition of double hydroxide (LDH) microcrystal and low surface 

energy molecules that formed a nest-like microstructure. The textile was efficient (> 97%) in the 

separation of oil and water, and could also be used as a bag for selective oil adsorption from 

water. The textile shows promise as a practical method for the management of oil spills (Fig. 8). 
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Figure 8. LDH coated textiles used for oil separation.   
Source: Liu et al., 2015. 

 
 
Wang et al. (2015) developed a new type of resorcinol-formaldehyde/graphene oxide 

(RF-GO) composite aerogel with flexible densities and mechanical properties. The aerogels have 

a compressibility index of about 80% and are fast to recover their original shape after the 

compression has been released. Because of their high compressibility, the gels might be of value 

as adsorbents for the cleanup of oil spills. Other researchers (Li et al., 2015) used a blend of 

polystyrene (PS) and polyacrylonitrile (PAN) to create a fiber with a morphology and chemical 

composition that allowed for high oil sorption capacity. In addition, the sorbent fiber was not 

only highly buoyant but could adsorb the oil at a higher rate than other, comparable materials. 

Atta et al. (2015) experimented with hydrophobic magnetic powders for use as oil spill collectors 

(Fig. 9). This new class of monodisperse hydrophobic magnetite nanoparticles was simple and 

inexpensive to prepare. The nanoparticles were tested as bioactive nanosystems and their 

antimicrobial effects were examined. The particles were used in a magnetic field to collect 

petroleum from water, suggesting their benefit in environmental cleanup. Another study based on 

nanotechnology used a carbon nanotube/polyvinyl pyrrolidone surface composite to create 
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powders with high oil adsorption capacity (Nan et al., 2014). The powders were shown to absorb 

more oil than the commercial sponges currently used on oil cleanups suggesting their potential 

application in this field. 

  

 
 

Figure 9. Synthesis of magnetite and amidoxime nanoparticles. 
Source: Atta et al., 2015. 

 
 

Fluorous metal-organic frameworks (FMOFs) have been shown to be highly hydrophobic 

porous materials with a high capacity and affinity to a wide variety of oil components (Fig. 10) 

(Yang et al., 2011). FMOF is also capable of reversible adsorption, or no water adsorption, 
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outperforming both activated carbon and zeolite porous materials that are currently being used. 

FMOFs show promise in the removal of organic pollutants from oil spills or even particles 

suspended in humid air, and could also be used for water purification.  

 

 
 
 

Figure 10. FMOF composition and adsorption capacity. 
Source: Yang et al., 2011. 

 
Bioremediation 

Bioremediation refers to the engineered decomposition of hydrocarbons via the natural 

metabolism of microorganisms, primarily bacteria and fungi. In the field bioremediation is 

generally a slow process; it may take years for oil to be removed from soil, sediments, and/or 

water by microorganisms. The rate of bioremediation may be increased by the addition of 

fertilizer elements or microorganisms to the media. The fertilizer provides nutrients (e.g., 

nitrogen, phosphorus, micronutrients) that promote the growth of the microorganisms. The 

application of microbial cultures increases populations that are available to degrade the oil. 

Alternatively, bacterial populations that specifically grow on oil can be purchased and applied to 
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the affected water. One problem with increasing the amount of nutrients in the water is that it 

stimulates the growth of algae and when the algae die, oxygen is depleted and fish begin to die. 

Petroleum hydrocarbons are the most prevalent pollutants in the marine environment 

(Sharma, 2005). Once released into the ocean, the fate of oil deposits depends on a number of 

variables including mechanical factors, like the motion of waves or the wind; physical factors, 

such as temperature and ultraviolet radiation; and chemical factors, such as pH and oxygen and 

nutrient concentration of the water. All these factors influence the rate of physical and the 

biological degradation of oil (Nikolopoulou and Kalogeraki, 2010). 

During the early stages of a spill, light fractions of oil are naturally removed by physical 

factors (volatilization) and geochemical reactions, while heavy fractions are dispersed or 

dissolved through biodegradation. Although chemical and physical factors play a crucial role in 

detoxification of oil, the final ultimate degradation occurs via the activities of marine microflora 

(Della Torre et al., 2012). Rooling et al. (2004) identified a wide range of marine bacteria that 

could degrade oil components, mostly comprising proteobacteria and bacteroidetes. A single 

organism can metabolize only a limited number of these components, so complete 

biodegradation of oil involves the concerted effort of a consortium of bacterial species. 

According to Cappello and Yakimov (2010), the chief microorganisms involved in the 

biodegradation of oils in marine environments belong to the Alcanivorax genus. 

Researchers have taken advantage of the inherent ability of microorganisms to break 

down oil components and have developed bioremediation methods to clean up marine 

environments polluted by oil as an alternative approach to conventional chemical and physical 

methods (Alkatib et al., 2011). However, biodegradation rates are low and studies have turned 

their focus to developing methods that stimulate the growth of oil-degrading bacteria 
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(Nikolopoulou and Kalogeraki, 2010). Santisi et al. (2015) tested whether the simultaneous use 

of different bacteria in the biodegradation of crude oil would prove more efficient than would a 

single bacterial system. Their experiments were conducted on seawater with and without the 

introduction of inorganic nutrients, and oil was used as the only of source of carbon. Three 

species of bacteria were isolated from an oil-rich environment: Alcanivorax borkumensis, 

Rhodococcus erythropolis and Pseudomonas stutzeri. The bacterial isolates were used in 

different combinations to test their ability to break down carbon. It was discovered that 

Alcanivorax borkumensis promoted the degradation of carbon compounds. The authors suggest 

that bioremediation of oil spills could be improved by prior knowledge of the types of bacteria 

that inhabit marine environments at high risk of pollution from oil spills.  
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IV.  Methods 

 This study involved case study analysis of the five largest oil spills in the United States to 

determine the effectiveness of cleanup methods used during emergency response. The case 

studies were compared and contrasted to determine which methods and results were similar, and 

which were markedly different. The study has determined which aspects of each cleanup were 

successful and should, therefore, be used again; and which were not. This approach may assist 

decision-makers in ensuring that the most effective cleanup method is used.  

Data collection began by searching oil spill incidents resulting in the release of at least 

500,000 gallons of oil in American waters. Data, which was documented, includes: (1) cause of 

the spill; (2) type of spill; (3) size of the spill; (3) cleanup methods; and (4) ultimate impact of 

the spill on the marine and coastal environments. The study also determined how successful 

these methods were and if they were subsequently employed to handle other cleanup operations.  

The case analyses are presented in chronological order to demonstrate which processes 

are considered optimal. This method of organization will help to better compare and contrast the 

cases in this study.   

 In order to identify all data and cases available, several online databases were accessed. 

These included BIOSIS, Scopus, Zoological Record, PubMed, Aquatic Sciences and  

Fisheries Abstracts. In order to be applicable for the current study, the literature must  

delineate the gravity of the spill, the methods used for cleanup, the duration of the cleanup 

activity and the perceived success of the cleanup. Additionally, the reasons for the success or 

failure of the cleanup methods are noted.   
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Data Analysis 

 Data analysis occurred via a thorough study of each case to identify all important 

response criteria and findings. Through documenting these highlights and important criteria the 

cleanup efforts were compared. In addition to the main cases that were studied in-depth, other 

case studies were examined briefly to give context to the frequency of certain methods used.  

Five major oil spill incidents that occurred in American waters that had significant 

environmental impact are presented in order to examine how the response could be modified for 

future events. The five cases include, in chronological order: (1) the Argo Merchant; (2) the 

Exxon Valdez; (3) the Mega Borg; (4) releases associated with Hurricane Katrina; and (5) the 

Deepwater Horizon. These cases will be analyzed according to the cleanup methods used, 

success of the methods, the affected location, and impact on the environment and human health. 

Comparing and contrasting these incidents can establish identified trends established as useful or 

not useful. Specifically, by looking at cases where success was noted but then later found as 

inaccurate due to discovery of residual oil, the reader can appreciate how response methods can 

be improved. Additionally, the findings will allow for determination of possible combinations of 

methods, or methods that could be researched further to determine if they are more successful 

than conventional methods.  

Challenges 

 Possible challenges to the current study include interpretation of competing opinions as to 

what cleanup method is successful and what is not. In this study, success is categorized by the 

efficiency of the cleanup operation, the time and personnel required for implementation of the 

method(s), and if the cleanup method eliminated harmful products from the environment. There 

may exist some disagreement between researchers as to what types of interventions are useful. 
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Indeed, there may exist consequences that have not yet surfaced for methods that are presently 

considered successful. 

 Another possible challenge could be interpreting the effects of differing cleanup methods 

in different locations. While in some climates and geographic regions a specific cleanup method 

may work well, the same method may not be successful in other locations – other environmental 

factors may have contributed to the ability of some methods to work in certain location and not 

others. 

Figure 11 illustrates the largest oils spills in recorded history, including land and marine 

spills caused by oils wells; ocean spills by tankers; and the “mother of all spills,” the 11-million-

barrel release of oil during the Gulf War in 1991 (ITOPF, 2012). The largest and arguably the 

most destructive accidental oil spills occurred in the Gulf of Mexico, and involved blowouts of 

drilling wells: the IXTOC I in 1979 and the Deepwater Horizon in 2010.  

 

  
   

Figure 11. Data and statistics of global oil spills.  
Source: www.itopf.com 
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V.  Case Studies of Major Oil Spills 

 The spill incidents and responses will be analyzed in chronological order and include 

three oil spills from marine accidents involving oil tankers, the MV Argo Merchant (1976), the 

Exxon Valdez (1989), and the Mega Borg (1990); a natural disaster, Hurricane Katrina (2005); 

and a mechanical failure, the blowout of the Deepwater Horizon oil well (2010).  

The cases will be analyzed in terms of size of the spill, duration of the cleanup operation, 

short- and long-term methods used, and level of success of the cleanup. Success will be 

evaluated in terms of efficiency, total cost, use of human resources, and the short- and long-term 

impacts on the environment. The primary purpose of the analyses is to identify the most effective 

methods that were used in the cleanups and rule out methods that proved ineffective or harmful 

to the environment. The secondary purpose is to identify the best methods, both current and 

foreseeable, that could be used when handling future accidents.  

The MV Argo Merchant  

1976; 41o40”N, 70o30’W 

In 1976, ten days before Christmas, the MV Argo Merchant foundered on Nantucket 

Shoals off the coast of Massachusetts, releasing 7.7 million gallons of Venezuelan No 6 fuel oil 

and cutter stock (Leveille, 2014). Foul weather prevented the recovery of the fuel into another 

vessel. In-situ burning also failed (Winslow, 1978). Fortunately, the weather also kept the oil 

from reaching the coastline, thus lessening the impact of the spill on terrestrial ecosystems. 

Moreover, hydrocarbon contamination of the ocean floor was restricted to the immediate area 

around the wreck. The bulk of the spill coalesced on the surface forming ‘pancakes’ that drifted 

offshore. Although the cutter stock drifted into the water column, its impact on the marine 

ecosystem was minimal due to the low level of biological activity and productivity in the water 
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column at this time of year (Grose and Mattson, 1977; Center for Ocean Management Studies, 

1978). The impact on coastal and marine bird populations off the coast of New England was also 

low.  

The MV Argo Merchant had a difficult history of accidents and had run aground on two 

other occasions. The tanker was ill equipped for spill response and its helmsmen were 

unqualified; there was poor adherence to the ITOPF guidelines. This incident, occurring many 

years before enactment of the Oil Pollution Act (1990), underscores the need for strict oversight 

of commercial tankers to ensure adherence to the rules and regulations governing the transport of 

oil. It also sheds light on the impact that seasons and weather conditions have on the success of 

cleanups.  

The Exxon Valdez Spill  

1989; 61°N 147°W 

In the spring of 1989, the Exxon Valdez foundered on Bligh Reef in Prince William 

Sound, Alaska, releasing an estimated 40-60% of its 55 million gallons of Alaska North Slope 

crude into the Sound (Fig. 12) (ITOPF, 2012; NOAA, n.d.). The oil spread over an area 

measuring roughly 28,000 km2. The oil impacted 1,800 km in Prince William Sound and along 

the Alaskan coastline as far west as Kodiak Island. The Exxon Valdez is considered to be one of 

the most devastating human-caused environmental disasters (Peterson, 2003; Pegau, 2014). 

Roughly 2,800 sea otters (Enhydra lutris), 250,000 seabirds, 22 killer whales (Orcinus orca) and 

billions of salmon and herring eggs died from the oil spill (Loughlin, 1994; Pegau, 2014). Some 

intertidal communities remain contaminated to date, suggesting long-term damage to wildlife 

and fish populations (Wells et al., 1995). Litigation has affected the assessment of damage and 

recovery by the scientific community. 
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Figure 12. Extent of Exxon Valdez oil spill.  
Source: www.giornalettismo.com 

 
A main focus of recovery was the protection of fisheries, especially salmon hatcheries 

(Rice et al., 1996). Use of dispersants was minimal and in-situ burning was limited to the early 

stages of the spill; the response focused on containment and recovery. Recovery was nominal -- 

less than 10% of the original crude was recovered from the ocean surface. Recovery has 

additionally been slowed by the indirect effect of other factors affected by the oil spill, including 

conflicts between Exxon and state and federal government offices (Peterson et al., 2013). 

The Exxon Valdez oil spill was the largest to date in US waters; because it happened in 

the wilderness, with potential impact to important fisheries and wildlife, the response effort was 

extensive, with over 10,000 people, many of them volunteers, working at the height of the 

cleanup operations (Alaska Sea Grant College Program, 1995). The cleanup cost over $2 billion 

for the first year alone. Exxon Mobil shouldered a liability of $4.3 billion for the spill, including 

the cost of cleanup, lawsuits, court verdicts and criminal fines (ITOPF, 2012). 

Shoreline cleanup techniques included high-pressure hot water washing on a scale never 
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tried previously or subsequently (Galt, et al., 1991). The washing had a significant impact on 

intertidal communities and delayed their recovery, although 70% of the shoreline had recovered 

one year after the spill. Bioremediation was carried out on a large scale and with mixed results.  

Extensive studies have documented the effects of the spill. Teams of biologists, 

geologists and chemists have compared oiled beaches to unoiled beaches in Prince William 

Sound. These studies have helped us understand the way natural systems respond to and recover 

from major oil spills, and the various methods that can be used to manage such accidents.  

Peterson et al. (2003) conducted a study on the long-term ecosystem response to the 

Exxon Valdez spill and found that current practices of ecological risk assessment for oil spills 

should be reevaluated. Previous studies used acute mortality to evaluate environmental impact; 

however, sublethal levels of toxic subsurface oil continue to affect Alaskan coastal ecosystems. 

Additionally, ecosystems have been affected by interactions between abiotic and biotic 

components. Animals that consume plants and debris that contain oil can accumulate toxins, 

which may damage and kill organisms not exposed to the spill. Additionally, water can be 

contaminated, thus affecting wildlife survival. The authors suggest that the long-term risks and 

impacts of oil spills on ecosystems can only be understood through the study of ecosystem-based 

toxicology. In contrast, Garshelis and Johnson (2013) re-examined the evidence on the recovery 

of sea otters from the spill and question delayed recovery; the authors contend that population 

trends in the oiled areas paralleled adjacent, non-oiled and lightly oiled areas. They also question 

the hypothesis that otters suffered chronic effects while foraging on areas that remained polluted; 

an ecological risk assessment showed that exposure levels in these areas were significantly 

below thresholds for toxicological effects. They concluded that confounding factors made it 

difficult to judge recovery at such a small scale. 
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The Exxon Valdez spill polluted the intertidal faunal communities of Prince William 

Sound. Fukuyama et al. (2014) conducted a 10-year study to evaluate the recovery of these 

communities. The spill and subsequent cleanup killed a great number of marine organisms across 

major taxonomic categories; however, as soon as three years after the accident, the polluted areas 

were close in species composition and numbers as compared with areas that escaped pollution. 

Littleneck clams (Leukoma staminea) slowly increased and by 2000 their numbers paralleled 

those in unpolluted areas. The reason for the slower recovery of the little neck clam was 

attributed to oil trapped in the fine-grained sediments at affected sites, slowing natural 

replenishment. The results of this study suggest that physical recovery of the environment must 

precede biological recovery.  

According to oceanographer W. Scott Pegau, research program manager of the Prince 

William Sound Oil Spill Recovery Institute in Cordova, Alaska (Pegau, 2014), a number of 

marine species are thought to have fully recovered, including sea otter and harlequin duck 

populations. However, one of the eight resident pods of orcas has no viable females and 

 may disappear. Data is also lacking on the recovery of a sizeable number of species, 

including birds such as Kittlitz's murrelets and marbled murrelets and some fish, mainly 

 because there is no information on their status prior to the spill. The case with herring 

 is curious -- their population collapsed three years after the spill. In the 1992-1993 

season, less than 25% of this species were present as compared with previous seasons, and the 

herring appeared lifeless and diseased. The reason for their collapse has been attributed to a 

combination of nutritional stress and oil exposure. Zooplankton levels dropped dramatically after 

the spill, and oil exposure depressed their immune systems. Herring fisheries cannot reopen until 

the herring spawning stock returns to pre-spill levels.  
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One serious problem regarding recovery of Prince William Sound is residual oil, 

especially in areas with fine sedimentation, where yearly degradation rates are low, i.e., 0-4% 

(Pegau, 2014). The impact of this residual oil on local environments and biota may be minimals; 

however, the oil persists and scientists do not understand why. Pegau (2014) stresses the need to 

understand the way oil behaves when trapped in sediment, in order to determine how to remove 

it from the environment without creating more harm. Substantial data exists from numerous 

studies on the mechanics of the spill itself and on its effect on the environment, so hopefully this 

data will help researchers devise better methods for oil recovery and protection of coastal 

environments. Nearly $1 billion in settlement money has been dedicated to environmental 

restoration and research.  

Figure 13 compares the extent of the Exxon Valdez spill to that of the Deepwater Horizon 

event of 2010. Note that although the Deepwater oil spill was significantly larger, the Exxon 

Valdez had a more significant impact on the environment. 



	  

38 
	  

 
 

Figure 13. Comparison of Exxon Valdez spill to Deepwater Horizon spill damage. 
Source: NOAA, n.d. 

 
The Mega Borg Spill 

On June 8, 1990, some 60 miles off the coast of Texas, the Mega Borg was in the process 

of transferring 15 million gallons of oil onto another tanker when an explosion occurred in the 

cargo of the Mega Borg (Fig. 14) (Leveille, 1991). The crew of the receiving tanker broke away 

from the Mega Borg and in the process spilled roughly 10,000 gallons of oil into the ocean. The 

oil subsequently caught fire. The two vessels were not unable to communicate with each other, 
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although they were only two miles apart; nor could they communicate with the Coast Guard. The 

incident occurred beyond shore-based VHF-FM range and no common frequency had been 

predetermined between the two vessels and the Coast Guard. VHF-FM communication turned 

out to have no value as means of shore-to-sea communication.  

 

 
 

Figure 14. Mega Borg spill extent,1990, 60 miles off Texas coast.  
Source:  USCG SLAR 6-16-90. 

 
 

It took over a half-hour for the Coast Guard to learn about the incident and MSO 

Galveston was notified, which immediately began execution of its oil spin contingency plan. The 

plan required the notification of various multidisciplinary agencies charged with oil spill 

response including the National Oceanic and Atmospheric Administration (NOAA) which began 

projecting the trajectory of the spill; the US Coast Guard; Federal On-Scene Coordinators 

(FOSC); specialized response teams, such as the Regional Response Team and OOPS, a private 

pollution response firm; the HU-25 Falcon AirEye, which was equipped with side-looking 

airborne radar (SLAR) to collect data on the status of the spill; as well as a host of other 

government and private agencies (Leveille, 1991).    
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The initial response efforts were aimed at containing the fire and keeping it from reaching 

the Mega Borg’s cargo tanks. Burning oil was flowing out of the engine room and into the Gulf. 

The CO2 extinguishers failed to work. Communication continued to be a problem, as too many 

people were talking about too many issues; additionally there was a lack of coordination. MSO 

personnel had to be flown to the command vessel Gushing. 

It soon became apparent that Texas had no specialized oil response equipment. OOPS 

needed to have dispersants flown in by commercial planes from Houston; 12,000 gallons of 

Exxon Corexit® 9527 were used on the spill. Reports on the effectiveness of the dispersant 

varied; the first reports were that the dispersant worked very well, but because the ocean was 

unusually calm there was not enough wave action to mix the dispersant for it to work effectively 

(Leveille, 1991).     

OOPS were also the first to begin using skimmers to recover the oil, sent to the site from 

Galveston. Mexico offered the use of the Ecopemex, a government skimming ship, and assisted 

the Coast Guard in setting up skimming barriers, which removed more than 100,000 gallons of 

oil. Many response vessels using skimmers were brought in and ultimately over 30 different 

skimming systems were used to recover the oil. 

One problem encountered with skimmers was that the spill suddenly changed direction 

east toward the coast of Louisiana; however, air support was of great help in directing the 

skimming operation. One lesson learned from the Mega Borg incident is that skimmers are much 

less efficient without the assistance of air support. This became even more evident near the end 

of the response, when the recoverable oil had spread over a large area.  

The FOSC focused on preventing total loss of the Mega Borg and the spilling of its 38 million 

gallon cargo (Leveille, 1991). Firefighting efforts were coordinated with the transfer of oil to 



	  

41 
	  

other vessels. Commercial vessels came to the scene carrying cooling water to control the fire 

and cool the tanker in preparation for the use of foams. The first attempt to use oleophilic 

polyurethane foams failed, but the second attempt was successful. It took one week to contain 

the fire during which 4 million gallons of oil was released. However, the teams were successful 

in lightering off the bulk of the cargo; roughly 34 million gallons of oil remained after spillage 

and burning. At the same time, the FOSC began to coordinate the cleanup. 

SLAR was able to provide data on the extent of the spread of the oil, although it could 

provide little data on the volume spilled. The teams experimented briefly with bioremediation 

but there was insufficient data to determine its effectiveness; this was the first practical use of the 

method. 

The response teams were concerned about the impact of oil pollution on the coastal 

environment, and OOPS, in consultation with other teams, began developing protection plans for 

each of the ecosystems along the coast of the Gulf of Mexico (Leveille, 1991). For example, the 

methods used to clean up San Luis Bay varied according to the area being targeted -- outside the 

entrance of the bay, working offshore at the leading edge of the spill, the Fast Response Unit 

used free skimming operations to recover the oil; at one end of the entrance, sorbent booms were 

used for diverting oil away from shore; at the other end of the entrance, booms were placed and 

vacuums used to recover the oil. 

A critical issue in the Mega Borg response is that the plans, out of necessity, had to 

exclude beaches because the action of the waves and tides prevented effective use of booms and 

similar methods. Restoration of the beaches was therefore relegated to volunteers who manually 

cleaned up several miles of beach. This initial cleanup helped to clear the land in case 

mechanical-aided cleanup was needed. 
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Communications with the teams working offshore continued to be a problem. Cellular 

telephones and high-frequency radios were sometimes helpful, though unreliable. To complicate 

matters, two other spills occurred during this time that needed attention; one in Galveston, the 

other in Port Arthur.  

The teams worked in close cooperation with MSO Galveston, including government 

agencies and salvage and pollution contractors. It is believed that these efforts saved the Mega 

Borg from complete loss and prevented large-scale environmental damage. Favorable weather 

was also instrumental in success of the cleanup. When the recovery was officially declared over 

the teams departed, satisfied that they had done their best and the coastline had been saved. The 

next morning, however, the coast of Louisiana was covered by millions of tiny tar-balls 

(Leveille, 1991). The coasts were cleaned by the last remaining member of the cleanup team 

along with contractor personnel, the Coast Guard, and other Louisiana environmental 

departments and removed the tar-balls manually. 

Many valuable lessons were learned from the Mega Borg incident: (1) communication 

was one of the weakest links and must be addressed in the oil response process; (2) SLAR helped 

in planning the response; (3) skimmers break down, and having spares available is essential; (4) 

dispersants have limited use. Only a small percentage of the oil could be managed using 

dispersants, suggesting that it would be wiser to use mechanical methods for major cleanups; (5) 

documentation was not sufficient and vital information can be lost; (6) debriefing is 

recommended; and (7) media support is critical and should be called soon after the arrival of the 

Strike Team. The media are considered valuable at putting pressure on various parties to get the 

job done. 
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Comparisons can be drawn between responses to the Mega Borg and the Exxon Valdez 

spills. The Mega Borg carried light crude oil that evaporated at a faster rate than the heavy crude 

oil cargo of the Exxon Valdez. Light crude is less likely than heavy crude to leave heavy coats on 

beaches, flora and fauna; however, the Mega Borg had a much larger cargo of oil than the Exxon 

Valdez and there were concerns that the oil might not evaporate rapidly enough and therefore 

cause significant damage to the environment. 

Hurricane Katrina Oil Spills 

 Early morning on August 29, 2005, Hurricane Katrina hit Louisiana in what became the  

deadliest storm in the United States in over 75 years (Fig. 15). More than 1,200 people lost their 

lives and over $200 billion in property was lost (Pine, 2006).  

 

 
 

Figure 15. Oil spills after Hurricane Katrina.  
Source: Pine, 2006. 

 
   

 NOAA rated Hurricane Katrina as a Category 4 hurricane on the Saffir−Simpson scale. 

NOAA, in cooperation with the Coast Guard, EPA and the state’s Department of Environmental 

Quality (DEQ), promptly began addressing the problem of hazardous materials released during 
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the hurricane. It was estimated that one-third of the platforms and two-thirds of the pipelines had 

been put at risk during the passing of Hurricane Katrina (NOAA, n.d.; EPA, 2014). Out of 4,000 

platforms, 46 (12%) were destroyed and another 20 (5%) were damaged, in addition to damage 

to 100 pipelines. Dozens of oil spills occurred at various oil facilities resulting in releases of over 

8 million gallons of oil. Figure 16 and Table 3 show the location of these facilities and the 

breakdown of the oil discharge, respectively. 

Table 3. Chemical Releases from Hurricane Katrina in the Lower Mississippi Corridor. 
 

Company Gallons Discharged 
Bass Enterprises Production Company (Cox 
Bay) 

3,780,000 

Shell (Pilot Town) 1,050,000 
Chevron (Empire) 991,000 
Murphy Oil Corporation (Meraux) 819,000 
Bass Enterprises (Point a la Hache) 461,000 
Chevron (Port Fourchon) ~53,000 
Venice Energy Services Company (Venice) 840,000 
Shell Pipeline Oil (Nairn) 13,440 
Sundown Energy (West Potash) 13,000 

Source: Pine, 2006. 
 

 
           

Figure 16. Hurricane Katrina oil spills breakdown by petroleum company.  
Source: Pine, 2006. 
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 The oil release polluted the immediate vicinities, including the land surrounding the oil 

refineries and the coastal marshes along the paths of broken pipelines. The Murphy Oil spill 

resulted from the failure of a storage tank at the refinery; of 819,000 gallons spilled, 305,000 

(37%) gallons were recovered; 196,000 (24%) were contained; 312,000 (38%) gallons 

evaporated and 6,000 (7%) gallons were lost (Pine, 2006). This was the largest single-site release 

associated with Hurricane Katrina. This spill is important because it was the only one of the 50 

spills that occurred adjacent to a highly populated residential area; the released oil impacted 

roughly 1,700 homes in the neighborhood (US EPA, 2008). However, although the Shell 

Pipeline release was significantly smaller (13,400 gallons versus 819,000 gallons), a significant 

amount (10,500 gallons or 78%) of the oil ended up on beaches and coastal marshes (Pine, 

2006). 

 Cleanup strategies varied according to affected location (Response and Prevention 

Branch Oil Team, 2006). Urban spillage was less accessible due to road conditions, whereas 

beaches and coastal marshes could be reached by sea. Coastal cleanup methods included 

burning, a technique that has been found to be one of the most efficient and effective methods to 

decrease the impact of oil spills on marine communities.  

Environmental Impact 

The CRS Report for Congress (Sheikh, 2005) provides a comprehensive summary of the 

impact of Hurricane Katrina on the Gulf coast environment. However, the effect of oil pollution 

on coastal ecosystems, marine communities, fisheries and wildlife could not be isolated from the 

devastating effects associated with the havoc produced by the storm itself. For example, the 

storm surge and strong winds from Hurricane Katrina destroyed a series of barrier islands off the 

coast of Louisiana; a significant area of land was eroded and seagrass beds were destroyed. 
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These seagrass beds are important habitats for spawning of fish, nesting of birds and feeding by a 

wide variety of local and migratory species.  

Health Impact 

There is a growing body of evidence regarding the impact of Hurricane Katrina on human 

health, but the impact of oil pollution cannot clearly be distinguished from the impact of other 

health hazards caused by the hurricane. Nevertheless, it can be concluded that respiratory 

diseases either developed or were worsened by the significant quantities of volatile organic 

compounds and particulate matter released into the air through the evaporation and deliberate 

burning of oil, respectively.  

Sharma et al. (2008) studied the rate of chronic disease at treatment facilities in New 

Orleans after Hurricane Katrina and found that, out of nearly 22,000 health care visits, 24% were 

for treatment of chronic diseases and related conditions, and the ratio of visits for chronic 

diseases and related conditions increased with age. Chronic lower-respiratory disease was 

amongst the most common disorders; 12% of patients were hospitalized for this, and 29% 

underwent future hospitalizations. The authors contend that chronic lower-respiratory disease 

developed post-Katrina in younger patients and exacerbated existing chronic lower-respiratory 

disease in older patients. However, the etiology of the disease remains unclear; it could not be 

determined which environmental condition posed the higher risk of respiratory disease: chemical 

particulates from oil pollution or from fungi (i.e., mold), although it could be hypothesized that 

early cases were most likely caused by the former, and later cases by fungi. Sharma et al. (2008) 

highlight that natural disaster environments breed clusters of fungi in moist, concentrated areas 

and can enter the human body via inhalation. 
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The U.S. Centers for Disease Control and Prevention (CDC, 2006) documented reports of 

increased symptoms of physical illness among New Orleans police officers and firefighters 

following the hurricane. Upper respiratory and skin rash symptoms were the most common 

physical symptoms reported by police and firefighters. These results suggest that disaster 

preparation plans and training should include health protocols for emergency responders.  

Children and adolescents are particularly vulnerable to environmental exposures and their 

consequent respiratory impacts. Rath et al. (2011) attempted to correlate respiratory symptoms 

and environmental exposures among children and adolescents affected by Hurricane Katrina. 

The authors identified various environmental exposures that could have been the cause of 

respiratory disease, including damage to the structure of the home, mold, dust and flood damage 

in addition to early exposure to volatile compounds occurring in oil. Upper respiratory symptoms 

and lower respiratory symptoms (76% and 36%, respectively) were higher after the hurricane 

than before the hurricane (76% v. 22% and 36% v. 9%, respectively). These data suggest that 

Hurricane Katrina placed children at high risk of developing respiratory disease.  

Deepwater Horizon Spill  

2010; 28o 4417.3’’N 88o 21’ 57.4’’W 

On April 20, 2010 the semi-submersible Deepwater Horizon drilling rig exploded and 

sank in the Gulf of Mexico (ITOPF, 2012; NOAA, n.d.). Eleven people were killed. Oil began to 

leak from the wellhead and a 5,000-foot-long pipe connecting the wellhead to the oil rig 

separated, releasing millions of gallons of oil. The well released oil for 87 consecutive days until 

it was capped in mid-July. Figure 17 shows the approximate locations of oil released from the 

Deepwater Horizon spill from the date of the incident on April 27, 2010 up to May 2, 2010 

(NOAA, 2010).  The rate of spread was dramatic and covered a significant area of the Gulf of 
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Mexico. Figure 18 shows the location and depth of the Deepwater Horizon release in relation to 

that of other oil rigs in the gulf. 

 

 
 

Figure 17. Oil spill movement locations from April 27 to May 1, 2010.  
Source: NOAA, 2010. 

 
 
 

 
 

Figure 18. Location and depth of Deepwater Horizon spill.  
Source: NOAA, 2013. 
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The Deepwater Horizon is the largest accidental marine oil spill in history, surpassing the 

IXTOC I oil spill (NOAA, 2013). It is also the worst industrial accident on record. It has been 

estimated that over 210 million gallons of crude oil were discharged, but one cannot make an 

accurate assessment because as late as 2012 oil was found to still be leaking from the well; it also 

released a large quantity of petroleum vapors. The oil slick measured nearly 200 km2. 

Methods of Containment or Recovery 

The operation to contain the oil and protect beaches, wetlands and estuaries from the 

spreading oil was massive and involved the collaboration of scores of government and private 

agencies. 

Measures used to contain the oil spill at the water surface 

A variety of methods were used during the first attempts to contain the oil spillage 

including conventional methods such as use of booms, skimmers, dispersants and burning of oil.  

Figure 19 illustrates these methods. 
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Figure 19. Different surface techniques to contain oil spills. 
Source: http://news.bbc.co.uk/2/hi/8651333.stm. 

 

Dispersants were sprayed from ships and aircraft at the source of the leak and also on the 

ocean surface. Approximately 1.8 million gallons of Corexit® oil dispersant were used in the 

cleanup (NOAA, n.d.). 

Skimmers were able to remove close to 4 million gallons of oil-water mixture (NOAA, 

n.d.). Booms were floated to contain the oil and prevent it from reaching the coast. About 200 

miles of booms were used. Most were manufactured commercially; however, some were made 

by volunteers out of nylon tights stuffed with animal and human hair and placed on beaches to 

soak up oil that escaped the floating booms and arrived on the shore (BBC News, 2010). Hair 

salons, pet groomers and farmers from around the world participated in the "hair lift". Nearly 

half a million pounds of hair and fur arrived at the site each day. Hair was chosen for this 

purpose because each hair follicle has a huge surface area, to which the oil adheres. Fire-

retardant booms were also used to contain oil targeted for burning. 

Underwater measures to contain the oil spill 

One of the first underwater approaches to containment was the lowering of a steel dome (weight, 

125 tons; height, 59 ft.) over the main leak on the sea floor (Fig. 20) but this failed when the 

dome was blocked by hydrates that formed when hydrocarbon vapors mixed with water (NOAA, 

n.d.). Engineers then switched to another, albeit similar method; they used a smaller (1.5 m x 1.2 

m) device called a ‘top hat’ to cover the leak (NOAA, n.d.). The top hat was then fill with 

methanol to prevent the formation of hydrates and oil could then be pumped up to a tanker 

(Figures 21-22). The ultimate plan was to lower the steel dome over the top hat to provide a 

tighter seal and contain the oil. 
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Figure 20. Hydrates formed on containment system underwater. 
Source: http://news.bbc.co.uk/2/hi/8651333.stm 

 
 

 

 
 

Figure 21. Top lowered over broken riser and drill pipe. 
Source: http://news.bbc.co.uk/2/hi/8651333.stm 
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Figure 22. Methanol pumped into top hat.  
Source: http://news.bbc.co.uk/2/hi/8651333.stm 

 
 

Other underwater methods to stop the release included the use of remotely operated 

vehicles (ROVs) to activate the blowout preventer (BOP) on the well, a method thought to have 

been at least partially successful. A more long-term approach involved the drilling of a relief 

well to tap into the leaking well and relieve some of the pressure. This device took months to 

become operational. 

Impact of the Spill 

Impact to BP 

No one knows the cause of the explosion, but government inquiry narrowed it down to a 

number of cost-cutting efforts and a deficient safety system. It was concluded that the root cause 

was systemic and that unless the oil industry and other parties of interest initiated significant 

reform, another incident like the Deepwater Horizon could not be prevented. In the end, BP was 

held liable for a number of federal felonies including 11 counts of manslaughter for the deaths 

that occurred during the blowout and one count for lying to Congress. BP was ordered to pay 
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$4.525 billion in settlements and other payments; by 2013 that figure rose to $41 billion. Figure 

23 shows the cost breakdown from the BP settlement (ITOPF, 2012).   

 

 
 

Figure 23. Breakdown of BP settlement.  
Source: www.itopf.com 

 
 

BP has also been banned by EPA from entering into new government contracts. The final 

U.S. District Court ruling was that BP was guilty of gross negligence and reckless conduct, and 

was therefore the primary responsible party. 

Impact on the Environment 

The response to the Deepwater spill was massive, but so was the negative impact of the 

response and cleanup activities on the environment. Three years after the spill, Louisiana alone 

reported that nearly 5 million pounds of oily material reached 55 miles of beaches, twice the 

amount removed the previous year. Oil was found embedded in sand as far as Tampa Bay, 

Florida. In 2003, dolphins were still dying at significant rates, with infant dolphin mortality 

recorded at six times the normal rate (Venn-Watson, 2015). Brette et al. (2014) found that tuna 
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and amberjack developed abnormalities of the heart and other major organs that could increase 

the rate of mortality and morbidity.        

 Crude oils have a toxic effect on fish embryos and many fish species were spawning 

during the Deepwater Horizon (DWH) incident. Incardona et al. (2013) compared the toxicity to 

fish early life stages from the heavy crude spilled by the Exxon Valdez to that of the light sweet 

crude released by the Deepwater Horizon event. It was found that crude oil from the Exxon 

Valdez spill adversely affected the hearts of developing fish embryos. Both crude oil types were 

toxic to hearts of zebrafish embryos with similar morphological effects; therefore, damage to 

fisheries by the Deepwater Horizon spill can be extrapolated from the injuries caused by the 

Exxon Valdez spill. In other words, heavy and light sweet crude oils have parallel effects on 

developing fish embryos. 

Venn-Watson, S. et al., (2015) carried out 46 fresh necropsies of common bottlenose 

dolphins (Tursiops truncatus) found dead after the DWH spill. Dolphin carcasses were recovered 

from 2010 until 2014. The necropsy results were compared against 106 fresh dead dolphin 

necropsies conducted prior to the spill. The necropsies showed the dolphins had suffered from 

rare, life-threatening chronic adrenal diseases and lung disease consistent with exposure to 

petroleum products. Post-DWH dolphins had a higher rate of primary bacterial pneumonia (22%) 

compared to the rate of pre-DWH dolphins (2%); they also experienced an increased rate of thin 

adrenal cortices (33% versus 7%, respectively) (Venn-Watson, S. et al., 2015). 

The oil rig spill extended over hundreds of miles of coastlines, including salt marshes that 

had to undergo thorough cleanup intervention. The cleanup of oil-polluted marshes is a difficult 

multi-tasking process involving removal of oil, degradation of oil that could not be removed, 

protection of wildlife, and finding ways to speed recovery of habitats, all while trying not to 
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cause more damage to the environment. Zengel et al. (2015) conducted a two-year study to 

evaluate the success of methods used to clean the environment during the response by comparing 

areas that received (1) manual treatment, (2) mechanical treatment, and (3) no treatment, as well 

areas with or without vegetation. The impact of the oil spill on marsh vegetation, intertidal 

invertebrates and erosion of the coastline was studied. Areas that received no treatment and were 

allowed to recover naturally showed no significant improvement regarding oily conditions and 

vegetative growth during the course of the study. In contrast, there was significant improvement 

of areas that underwent treatment by either manual or mechanical methods, although recovery 

was not complete by the end of the study. Mechanical treatment increased the rate of soil 

erosion. Manual treatment was able to both remove oil from the marshes and improve habitats 

without causing significant damage. Nevertheless, some species, such as the marsh periwinkle, 

showed little recovery during the two-year period, suggesting a lag between the recovery of 

vegetation and that of the fauna. Planting was effective in hastening recovery of marsh plants and 

helped control erosion. The results of this study suggest that manual oil removal followed by 

planting is an effective emergency response method to speed the recovery of salt marshes 

following an oil spill. 

The Deepwater Horizon blowout generated a huge plume of dispersed hydrocarbons that 

altered the deep-sea microbial community of the Gulf of Mexico (Kleindienst et al., 2015). The 

plume was associated with a significant increase in populations of certain microorganisms, some 

of which are involved in the biodegradation of gas, oil and dispersants. Kleindienst et al. (2015) 

identified three taxa related to Cycloclasticus, Colwellia and Oceanospirillaceae and described 

their distribution in the Gulf's deep water, near the site of the incident and at some distance from 

it before, during and after the discharge. Species that had adapted to the gradual natural seepage 
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of hydrocarbons in Gulf waters were unable to cope with the challenge of the spill. In contrast, 

some species experienced a surge in abundance, underscoring the importance of specialized 

microorganisms as potential biodegraders during major oil discharges. 

Liu and Liu (2013) evaluated bacterial communities in oil collected from the sea surface 

and sediment in the Gulf of Mexico after the Deepwater spill and found that these communities 

are highly diversified. One species, however, Vibrio cholerae of Gammaproteobacteria, 

represented 57% of the total number of species, suggesting that this indigenous microorganism 

responds strongly to oil contamination in salt marshes and may play an important role in oil 

degradation in the region. It may also be used to develop future bioremediation strategies.  

Impacts on Human Health  

The Deepwater rig explosion and oil release had a significant impact on the health of 

human populations. The impact on mental health was perhaps the most significant outcome, with 

long-lasting and sometime irreversible effects, affecting a significant cross-section of the 

population. People living in affected areas feared for their health and their livelihoods. Rung et 

al. (2015) studied the impact of the aftermath of the Deepwater Horizon incident on the mental 

health of wives of cleanup workers. These women were exposed both directly and indirectly to 

the oil and dispersants through their husbands who participated in the cleanup effort. The 

incidence of depression was high (31%) and many reported domestic strife (33%), memory loss 

(32%) and inability to concentrate (41%) suggesting these women were suffering from severe 

depression. Depression and memory loss were found to be associated with exposure to the 

pollutants and not to financial concerns; in contrast, domestic strife and memory loss correlated 

with both (Rung et al., 2015). 
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Middlebrook et al. (2012) studied the implications of the Deepwater Horizon spill on air 

quality and health. The spill released vast volumes of organic aerosols and aromatic 

hydrocarbons into the atmosphere. Figure 24 illustrates the dispersal patterns of these pollutants 

from their point of origin. 

 

  
                                                                                                                      

 
Figure 24. Dispersal patterns of aerosols and aromatic hydrocarbons. 

Source: Middlebrook (2012). 
 

 
The volume of organic aerosols increased with distance downwind from the point of spill, 

whereas the volume of aromatic hydrocarbons remained constant as it moved away from the 

point of origin. These pollutants reached the atmosphere through evaporation (8%) and burning 

(4%), which both adversely affected air quality. Aerosol particles of respirable sizes represent a 

health risk hazard to populations living downwind. The results suggest that the Deepwater 

Horizon spill increased the risk of respiratory illness and disease in communities lying 

downwind form the origin of the spill (Fig. 23).  

Persons exposed to crude oil and dispersants from the Deepwater spill, including workers 

involved in the cleanup, fishermen, SCUBA divers and people living or working along the Gulf 

coast, reported acute physical and psychological symptoms days and months after the incident. 
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Many were diagnosed with petroleum hydrocarbon poisoning (Sammarco et al., 2015). 

Sammarco et al. (2015) tested the concentration of aromatic and alkane compounds in patient’s 

blood and found that among a large variety of petroleum hydrocarbons, the smaller single-ring 

aromatics were more persistent in the blood than were alkanes; the former compounds were more 

closely correlated with hydrocarbon poisoning. This study underscores the health hazards of 

crude oil pollution and the need to limit the risk of exposure. The authors suggest that workers 

assigned to cleanup operations should wear hazardous materials suits equipped with respirators, 

and that people living in the affected areas should consult physicians to monitor the 

concentration of these compounds in their blood. 

The burning of crude oil on the surface of the water released vast amounts of particulate 

matter (Middlebrook et al., 2012). Jaligma et al. (2015) evaluated the correlation between 

exposure to particulate matter from crude oil burnoff and pulmonary inflammation as well its 

impact on immune system response. The researchers found a direct correlation between airborne 

oil spill particulate matter and cytotoxicity. Mice exposed to these pollutants experienced weight 

loss, oxidative stress, bronchial inflammation and allergic asthma. The Jaligma et al. (2015) 

study shows that acute exposure to crude oil pollutants can result in pulmonary inflammation and 

adverse effects on the immune system.  
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VI.  Conclusion 

Since the time of the Argo Merchant incident, substantial progress has been achieved in the 

ability to prevent oil releases and mitigate the effects of oil spills. Progress has been greatest in the areas 

of prevention and shoreline cleanup; in contrast, however, cleanup efforts on water have experienced 

inconsistent results and remain a serious problem. In the analysis of five major case studies, it is 

suggested that future efforts continue to concentrate on prevention, because current efforts for limiting the 

adverse effect of pollution have failed to protect the environment.  

One problem with management and prevention of oil spills is that although the overwhelming 

cause of spills has been attributed to human error, the focus of prevention has been on equipment. 

Scientists and engineers must find ways to deal with the human element in oil storage, transport, transfer, 

etc., if future spills are to be prevented. For example, the Argo Merchant incident stresses how once oil is 

transferred to a transport vessel it becomes much more difficult to control. Mega-tankers must adhere to 

the ITOPF guidelines for transportation and management of oil. 

Improved responses are needed to limit the harm of an oil spill to the environment and promote 

faster restoration of damaged natural areas; oil has been found to permeate fine sediment in Prince 

William Sound 25 years after the Exxon Valdez accident. Improvements can be made through the use of 

alternate cleanup technologies, such as new bioremediation and dispersant methods and safer and more 

efficient ways of burning oil from the ocean surface. These improvements can help reduce the 

environmental damage of spills, and the products used during cleanup. 

  Oil spill response must be proactively addressed. For example, advances in prevention have, for 

the most part, improved primarily in response to major spill events. New technologies must be tested in 

preparation for future responses. There was a big leap forward in the prevention of oil spills and the 

efficiency of cleanup methods following the Exxon Valdez spill; nevertheless, the Deepwater Horizon 

release has taught an important lesson: technology has its limits, no matter how innovative, to prevent or 

successfully respond to spills. The Mega Borg and Hurricane Katrina incidents have shown us how 

weather, good or bad, can impact the ability to manage a major spill. Dispersants failed to work during 
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the Mega Borg cleanup because the waters were too calm, and Hurricane Katrina limited access to 

affected areas. 

Nevertheless, the United States has had some success with mitigation efforts, including the 

prevention of spills, by establishment of laws and regulations to control the transportation of oil and that 

promote the development of more effective and efficient response protocols to a spill. The Oil Pollution 

Act of 1990 was instrumental in reducing oil spills of over 10,000 gallons in US waters from 178 in 1974 

to 12 in 1996. The Act imposed stricter liability and requirements, including double-hull tankers in which 

the hulls are separated by ten feet. The Act also restricted single-hull tankers over 5,000 tons. The 

management of spills has become more efficient with improvements in equipment, resulting in more rapid 

and more complete recovery rates of oil. However, Hurricane Katrina highlights how recovery is still very 

much dependent on weather conditions at the spill site. The biggest improvement may be in the way these 

incidents are handled from an administrative/management standpoint. For example, the adoption of the 

Incident Command System and close collaboration between government agencies such as the US Coast 

Guard and EPA has led to more efficient cleanup of oil spills.  

Ultimately of course, the key to good environmental policy as relates to oil is to focus on 

identifying ways to reduce the demand for oil by increasing the efficiency of energy use and by shifting to 

alternative energy sources. The costs of implementing these policies may be high, but the costs may be 

mitigated by the short-term and long-term benefits to industry, public health, and the environment. These 

policies must be implemented by close collaboration between government and industry leaders. Strong 

leadership can drive technology.  So, the most important question remains as to how much society is 

willing to pay to prevent and manage oil spills. Public opinion is crucial. 
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