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A Review of Dispersant Use in Response to the British Petroleum Deepwater Horizon 

Oil Spill 

Bryant Turffs 

New College of Florida, 2011 

Abstract 
 

 The British Petroleum Deepwater Horizon oil spill was an unprecedented event 

due to the depth at which it occurred and the amount of oil discharged. Chemical 

dispersants, which break oil into droplets and facilitate diffusion into the water column, 

were applied to the oil spill to mitigate the damage caused to shoreline environments and 

surface dwelling organisms. Dispersants may also increase the rate at which oil is 

consumed by microbes. Due to the location of the oil discharge in the deep ocean, 

dispersants were also applied at the sea floor to enhance efficacy. The biological effects 

of chemically dispersed oil are poorly understood especially in the deep sea. Dispersants 

are thought to decrease the harmful effects of oil to shorelines and surface communities, 

but may increase harm to the communities of the water column. The scale of this spill 

and its location made responding to the spill difficult and highlighted insufficient industry 

oversight and contingency planning. Dispersants were used in accordance with existing 

US laws. The biological and environmental impacts have yet to be fully understood. 

Further research on the effects of this spill must be conducted because the offshore 

drilling industry is growing, increasing the chances of a similar occurrence in the future.  

 

_________________________ 

Dr. Diana Weber 
Division of Natural Sciences 





 

 
 
 
 
 
 
 
 
 
 
 
 

CHAPTER 1  
 

INTRODUCTION: THE DEEPWATER HORIZON BLOWOUT 
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The Deepwater Horizon Accident 

 In March 2010, President Obama announced a new federal program to encourage 

offshore oil and gas production (Johnson and Torrice 2010). As part of this effort, a 

drilling rig, owned/operated by Transocean, but contracted by British Petroleum (BP) 

was finalizing the drilling of a well in the northern Gulf of Mexico, was located in the 

Mississippi Canyon (Reed and Fitzgerld 2011; Steffy 2011). This canyon is located 40 

miles off Louisiana, in an area where deep water drilling has been ongoing since 1979. 

The well in this canyon was named Macondo, after a fictional town in a novel, “One 

Hundred Years of Solitude,” by Gabriel Garcia Marquez in which the town is destroyed 

by a hurricane. In actuality, the drilling of the Macondo well had already been interrupted 

by a hurricane. The associated offshore rig, Deepwater Horizon (DWH), was drilling in 

the northern Gulf of Mexico in approximately 1500 m (5000 ft) of water on April 20, 

2010.  

The DWH drilling platform stood twenty stories above the surface of the ocean, had a 

crew of nearly 130 persons (Steffy 2011), and was capable of drilling wells in 3000 

meters (10,000 ft) of water and 9000 meters (30,000 ft) below the sea floor (Figure 1). 

Offshore petroleum production has led to the drilling of 50,000 wells within the Gulf of 

Mexico since 1950. More than 700 of these wells have been drilled in deep water, 

between 150 and 1500 meters (500 and 5000 ft), and in ultra-deep water below 1500 

meters (5,000 ft) recently. Drilling deeper was risky, but held big rewards and BP was the 

leader in deep water drilling in the Gulf of Mexico (Reed and Fitzgerald 2011).  

BP began experiencing safety problems long before the DWH began drilling the 

Macondo well (Steffy 2011). In the mid 1990’s John Browne, the CEO of BP, began a 
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campaign to cut costs and bring BP back as a major player in the oil industry. This 

campaign was later characterized as an exchange of engineers for accountants. Browne 

successfully bolstered the profits of BP but in doing so created a culture within the 

company that put profits before safety. As a result, BP experienced many safety problems 

throughout its branches, including a petroleum leak in its Alaskan pipeline and several 

fatal accidents at its refinery in Texas City, Texas. The successor to Browne, Tony 

Haywood, enacted changes meant to improve safety but his countermeasures proved too 

weak on more than one occasion.  

In early 2010, the DWH took over drilling the Macondo well from the Marianas, a 

drilling rig that had been experiencing technical problems causing BP to be behind 

schedule (Steffy 2011). Because drilling had been costing BP over $500,000 per day, the 

mangers of BP pressured its employees and contractors (Transocean and Halliburton) to 

complete the well quickly. The DWH had recently finished drilling the deepest well in 

history, the Tiber, which was in 1200 m (4000 ft) of water and a total drilling depth 

[water and below the sediment] of more than 10,600 m (35,000 ft) (Reed and Fitzgerald 

2011). The Macondo well was in slightly deeper water of 1500 m (5000 ft), but was 

considered a modest well of 5600 m (18,360 ft) deep, a routine depth for the DWH. 

Shortly after the Horizon began drilling, it began to experience difficulties, such as a loss 

of drilling mud when the rock formation being drilled cracked (Reed and Fitzgerald 

2011; Steffy 2011). This can be extremely dangerous because natural gas is released from 

the rock, but engineers can usually fix the problem in less than a day by pumping cement 

into the hole. However, it took Halliburton contractors, who were in charge of cementing 

the well, ten days to fix the problem.  
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 A month later, the drilling crew had a “well control situation,” which occurs when 

the upward pressure in the well is at dangerously high levels (Reed and Fitzgerald 2011). 

The petroleum within a well is buried deep within the surface of the earth under the 

immense pressure of the rocks above and heated up to 250 °F (Lehner and Deans 2010). 

Drilling into these reservoirs releases pressure and therefore, is very dangerous because 

without proper control the petroleum will surge up the well. This occurred two days later; 

the crew experienced a kick, which is when the pressurized petroleum in the well exerts 

more upward pressure than the drill crew can exert downward with drilling mud. The 

upward pressure broke the drill shaft and resulted in a subsequent release of natural gas 

(Reed and Fitzgerald 2011). The lost drill shaft and bit represented a loss of $25 million 

dollars worth of equipment. Engineers formulated a new plan to drill around the broken 

drill shaft and were finally able to reach the desired depth.  

  When finishing the well, the DWH crew had two options: a “long string” or a “tie 

back” (Figure 2) (Steffy 2011). The former is more cost effective and potentially longer-

lived but provides less security against a blowout because it uses one cement seal rather 

than the two used in a tie back. BP changed its plans three times, all of which were 

rapidly approved by the Bureau of Ocean Energy Management, Regulation and 

Enforcement (BOEMRE) [Formerly the Minerals Management Service (MMS) prior to 

June 21, 2010] (Table 1). This highlighted another problem leading to the disaster. 

BOEMRE, the branch of the US government responsible for overseeing the deep water 

drilling industry was lenient towards industry in enforcing regulations (Lehner and Deans 

2010). BP chose to finish the well with the “long string” option as it is cost effective. BP 

again failed to take adequate precaution when it realized it had few centralizers to 
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complete the proposed plan. Centralizers are devices needed to secure the drilling shaft in 

the center of the well and ensure a solid cement job. BP completed the well with the 

centralizers on hand rather than waiting to properly complete the well (Steffy 2011). 

 When finishing the well Halliburton used light cement, which put less stress on 

the fragile rock formation (Steffy 2011).  The light cement was less likely to crack the 

geological formation and compromise the well integrity, but was also less likely to stand 

up to the forces of a blowout. BP did not conduct the usual test to determine integrity 

following cementing (Steffy 2011). On April 20, 2010, as the drill crew removed the 

heavy drilling mud from the well, the upward force exerted by the pressurized petroleum 

in the well caused the cement seal in the well to fail, a blowout. A 15 m high blowout 

preventer situated on the sea floor at the top of the well was the last protection against 

this blowout. This piece of equipment consisted of valves and shearing rams, blades that 

cut through the drill pipe, which together are designed to close the well and separate the 

rig from the well in the event of a blowout. Prior to the blowout, workers had at least two 

indications of problems with the blowout preventer, but did not take care of these (Reed 

and Fitzgerald 2011). The resulting blowout sent natural gas shooting to the surface, 

which then filled the DWH and caught fire causing the rig to sink and the loss of 11 lives 

(Figure 3). The pressure inside the well forced petroleum to spew from the damaged well 

and would eventually lead to the worst oil discharge in the history of the United States 

(Jernelov 2010).  
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The Response 

Immediately after the accident all parties involved began a response to mitigate 

the damage caused by the blowout (Reed and Fitzgerald 2011; Steffy 2011). The incident 

response plan for this offshore site drafted by BP in the event of an oil spill was 

ultimately ineffective and unrealistic. The plan failed to address potential impacts on key 

Gulf of Mexico species, and focused on species not found in the Gulf, i.e., walrus (Reed 

and Fitzgerald 2011l; Lehner and Deans 2010); suggesting BP had used portions of a plan 

from another of their installations, i.e. northern Alaska. The difficulty of working in the 

deep sea, the lack of knowledge about spills in the deep sea, and the apparent lenient 

regulation negatively affected the response efforts.  

BP and the US government had two goals for the response to the well blowout. 

First, the flow of oil needed to be stopped and second, the damage caused by the released 

oil needed to be minimized. To accomplish the first goal, BP engineers tried several 

techniques to close the well before it was ultimately ‘killed’ by drilling a relief well. 

Second, the damage from the released oil needed to be mitigated.  Prior studies and 

experience have provided the industry with needed responses for a surface oil spill (NRC 

1989, 2003, 2005). As a result of this, ultimately, most available tools used were in  

response to the oil at the surface and on the shore (National Commission on the BP 

Deepwater Horizon Oil Spill and Offshore Drilling 2011), not in the deep sea. BP 

improvised and developed new techniques to respond to the challenges of a deep-water 

blowout.  

BP tried several methods to stop the flow of oil and accomplish its primary 

response goal. The only sure way to kill a blowout is by drilling a relief well to intersect 
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with the original well, thus diverting the pressure away in a controlled manner (Steffy 

2011). This process can take months, as demonstrated by the drilling of the original well. 

BP began drilling a relief well shortly after the blowout and additionally, tried other 

techniques to stop the oil flow. The oil industry has experience with blowouts but not at 

depths of a mile below the surface, which make closing a well more difficult. Initially, 

but without success, BP tried to close the failed blowout preventer using an ROV 

(National Commission on the BP Deepwater Horizon Oil Spill and Offshore Drilling 

2011). Following that, engineers constructed a novel containment dome to siphon off the 

oil being discharged, but the collection tube was clogged by the formation of methane 

crystals, called hydrates (Torrice 2010a). BP tried, without success, a ‘top kill’ where 

heavy drilling fluid is pumped back into the well. BP did achieve success using an 

insertion tube in the broken riser, which allowed them to siphon oil and gas and 

eventually cap the well (Steffy 2011). After 87 days, BP capped the well and the oil flow 

stopped on July 15, 2010. BP then permanently ‘killed’ the well with the completion of a 

relief well on September 19, 2010 (National Commission on the BP Deepwater Horizon 

Oil Spill and Offshore Drilling 2011).  

 The second goal was to limit the damage caused by the discharged oil. A variety 

of techniques were available to do this, including natural removal, in situ burning, 

mechanical removal and chemical countermeasures including dispersants (NRC 1989, 

2003, 2005). Each of these techniques will be explained but it is important to understand 

that each has limitations and its utility must be weighed against its efficacy, availability, 

and local environmental variables. The potential harm of each technique must be 

considered against its efficacy. Planning and responding to any spill is difficult because 
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each spill varies in location, conditions, type of oil, and the environment and biota 

present (NRC 2005; Schooner 2010). The need for careful and thorough decision-making 

must be weighed against the fact that response technology is most effective when 

deployed rapidly due to weathering and spreading. Ultimately, the response efforts to the 

Macondo well blowout used all of the aforementioned techniques to limit the effects of 

the oil.  

 Natural removal is the process of allowing nature to dilute and degrade oil 

without human intervention (NRC 1989). This is the simplest form of oil spill response 

and therefore, to some extent is part of every response, including the DWH spill. The 

process of natural oil removal is referred to as ‘fate’ and is generally divided into 

transport and weathering. Transport processes remove oil from the local environment. 

Weathering processes change the chemical composition of oil and include evaporation, 

photooxidation, dissolution, physical dispersion, sedimentation, and biodegradation. 

These processes ultimately result in the restoration of the natural environment (NRC 

1989). Natural removal is a slower process than using technology to expedite recovery, 

but it does not introduce the possibility of further environmental harm from response 

activities (NRC 2005). All other spill mitigation techniques attempt to expedite the 

natural processes by removing oil from the environment or altering its fate.  

 In situ burning removes oil from the surface enhancing evaporation (NRC 2005) 

without the need for recovery and disposal (Zurer 2003). The disadvantage is that it 

creates smoke that contains harmful chemicals, such as dioxins. Burning cannot be used 

near shore because of the creation of smoke and the problem of fire spreading. 

Limitations on burning in deep water include the need for calm conditions, a minimum 
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surface thickness of the oil, and a lower efficacy in emulsified oil (NRC 2003, 2005). 

These are complicated by a diffuse slick and early emulsion formation created by a deep 

water blowout. Ultimately, five percent of the oil from the DWH spill was removed 

through burning (National Commission on the BP Deepwater Horizon Oil Spill and 

Offshore Drilling 2011).  

 Mechanical oil collection technologies include the containment of oil through 

barriers and the collection of oil via skimmers and sorbents (NRC 1989; Shirbon and 

Foster 2010). Barriers are used at the surface to contain oil slicks. Skimmers are 

machines that separate oil from water, which can completely remove the oil from the 

marine environment. Sorbents are materials that absorb and adsorb petroleum from the 

water (U.S. Environmental Protection Agency 2003). Mechanical collection is ideal for 

its ability to remove the oil from the environment, but is limited by the collection 

capacity of responders and the need for disposal (NRC 1989, 2005). Furthermore, these 

techniques are not viable in seas of greater than one meter. Traditional mechanical 

techniques used at the surface were able to collect three percent of the oil released from 

the Macondo wellhead (National Commission on the BP Deepwater Horizon Oil Spill 

and Offshore Drilling 2011). A further 17% of the oil discharged was collected by the 

newly improvised technique of using an insertion tube at the wellhead to siphon oil 

(National Commission on the BP Deepwater Horizon Oil Spill and Offshore Drilling 

2011; Shirbon and Foster 2010).  

The fourth type of technology used in response to the DWH accident was 

chemical dispersants, which are chemical formulations used to change the distribution of 

oil in the environment (NRC 1989, 2005). They act similar to dish soap by breaking 
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down the oil into small droplets that dissolve into the water column. Dissolving oil into 

the water column can have several benefits: i) it can prevent oil from stranding onshore, 

ii) it lowers the concentration at the surface, which benefits surface dwelling animals like 

sea turtles, sea birds, and marine mammals, and iii) it may enhance the biological 

consumption of crude oil (Mulkins-Phillips and Stewart 1974), though this fact is 

disputed (Literathy et al. 1989; NRC 2005). Along with potential benefits, the use of 

dispersants causes reasonable concern, as more chemicals are added to an already 

disrupted environment. Removing oil from the surface and preventing it from reaching 

the shore may actually harm communities in the water column, which are subsequently 

exposed to more oil.  

 The application of dispersants must be approved by the US Coast guard (USCG), 

Environmental Protection Agency (EPA), Department of the Interior and Department of 

Commerce these agencies have created a preapproval process (USCG 2011; NRC 2005). 

This allowed BP to immediately be able to use a suite of approved products at their 

discretion. Traditionally, dispersants are applied to oil slicks at the surface by spraying 

the chemical from aircrafts or boats. The novel conditions of the deep-water blowout 

allowed BP to consider the use of new techniques in applying dispersants (Figure 4). On 

May 15, 2010, EPA approved a new application technique for the use of dispersants, 

which allowed BP to use underwater remotely operated vehicles (ROVs) to directly inject 

dispersant into the well discharge 1500 m (5000 ft) below the surface (Torrice 2010b; 

Torrice and Voith 2010). The theory was that the turbulence at the wellhead would mix 

dispersant with freshly discharged oil before it reached the surface enhancing dispersant 

efficacy and ultimately resulting in the use of less chemical dispersant. The scientific 
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community and the public became increasingly concerned about the use of dispersants in 

the untested deep-water application, especially as the total amount of dispersant applied 

at the site reached unprecedented levels (Torrice 2010b; Lehner and Deans 2010).  

The use of dispersants became one of the most contentious issues of the spill 

(Johnson and Torrice 2010; Lehner and Deans 2010; Torrice 2010b). Conflicting 

information about the toxicity and the effects of dispersants on the environment and also 

human health was available during the time of the spill (Lehner and Deans 2010; Torrice 

2010ab). Some scientists expressed concern that as the dispersants were intended to 

accelerate biodegradation, the bacteria consuming the oil could cause oxygen depletion, 

which would have damaging effects (Torrice 2010a).  

The benefits of dispersants have been brought into question, especially as the role 

and efficiency of biodegradation is poorly understood, as is the potential problem of 

hypoxia (Johnson and Torrice, 2010; Joye and MacDonald 2010). The use of dispersants 

may enhance the oil exposure of organisms in the water column (NRC 2005); however 

not using dispersants would allow oil to reach shore, causing coastal environmental and 

economic damage. BP applied in excess of 2.1 million gallons of dispersant, i.e., Corexit 

(Nalco Company), to the spill area, 1.4 million gallons were applied at the surface 

application, and another 0.77 million gallons were administered at the wellhead 

(Kujawinski et al. 2011). These amounts and the novel subsea application technique 

caused concern among scientists and the public (Lehner and Deans 2010).  

Preliminary results suggest that up to 16 percent of the oil discharged by the 

Macondo well was chemically dispersed (National Commission on the BP Deepwater 

Horizon Oil Spill and Offshore Drilling 2011). An early independent study showed that 
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components of the dispersant injected at depth were associated with deep-water oil 

plumes and that the oil and dispersant mix persisted for up to 60 days above detectable 

limits (Kujawinski et al. 2011). Hazen et al. (2010) found that these deep-water plumes 

stimulated the growth of oil-eating bacteria though the long-term effects remain 

unknown. It is too soon to determine the efficacy of dispersants used in this spill.  

 

The First Deepwater Spill 

From the beginning the petroleum (crude oil) release caused by the Macondo well 

blowout was different than any prior incident (Figure 5). It was not the largest marine oil 

release, this statistic belonging to the intentional spills in the Arabian Gulf during the 

1991 conflict between Iraq and Kuwait (NRC 2003). It was not even the first major 

subsea blowout in the Gulf of Mexico, as a similar incident occurred in 50 meters of 

water in the Bay of Campeche, Mexico in 1979 (Jernelöv 2010). That blowout, known as 

Ixtoc 1, was the largest accidental marine oil spill until the DWH. The DWH was 

different because it was the first blowout to occur in deep water, the well was located 

approximately 1500 meters (5000 ft) below the surface (Reed and Fitzgerald 2011).  

The depth of the water in which the Macondo wellhead was located was 

important because the deep sea is an extreme environment of high pressure, low 

temperature, and low light, making it an extremely difficult place to conduct research or 

work (Johansen 2003; NRC 2003). As a result, relatively little is known about the deep-

sea environment or about the behavior and impact of oil discharges emanating from these 

depths. Though the study of deep-water blowouts began only recently (NRC, 2003), the 

behavior of oil released in deep water is known to differ from the behavior of oil released 
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at the surface. The enhanced pressure at depth causes more petroleum to disperse and 

dissolve in the water column when compared to oil at the surface. This enhanced 

dissolution of oil may result in the formation persistent deep sea oil plumes. Subsea 

currents also partition the oil by buoyancy resulting in the creation of surface slicks that 

cover huge areas. Finally, the oil may emulsify or mix with water altering its composition 

prior to reaching the surface, which increases the persistence and lowers the efficacy of 

traditional response technology.  

Our knowledge on the effects of petroleum discharge on deep-water biological 

communities is minimal to non-existent even compared to our knowledge of oil behavior. 

Oil is generally assumed to have similar effects on deep-sea organisms, as it would have 

on analogous communities on the continental shelf (NRC 2003), though this may not be 

the case. It is important to note that deep-sea organisms are specially adapted to high 

pressure and low light conditions present in the deep sea and are generally not exposed to 

pollution making them potentially very sensitive to disturbances (NRC 2003). Initially, 

BP pointed to the fact that natural deep water seeps of petroleum exist in the Gulf so 

impacts on deep-water organisms should be minimal (National Commission on the BP 

Deepwater Horizon Oil Spill and Offshore Drilling 2011). This is refuted by most 

scientists due the local nature of these natural seeps and the small amount of petroleum 

that is emitted in comparison (NRC 2003; Thibodeaux 2010; Joye and MacDonald 2011). 

The full environmental effects of the DWH discharge remain unknown and so it remains 

uncertain what response technology was most effective in this unprecedented oil spill.   
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Research Aims 

In the aftermath of the disaster, the amount of conflicting and confusing 

information about the use of dispersants, particularly in relation to subsea application, 

made it difficult to understand their effects and determine if the use was beneficial in the 

Gulf of Mexico. This thesis reviews the composition, effects, and utility of oil dispersants 

used in marine oil spills. To accomplish this objective, I will address four broad 

questions, with the first two questions also addressing if there may be differences 

between shallow and deep-water applications. First, what are the physical and chemical 

effects of oil dispersants used on oil spills? Second, what are the potential biological and 

environmental effects of using oil dispersants on an oil spill? The third question 

investigates the political framework that surrounded the application of dispersants in the 

DWH accident and if lessons have been learned so that changes can be made. Finally, I 

will ascertain what, if any conclusions can be drawn about the use of chemical 

dispersants in marine spills and deep water oil drilling. 
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Table 1. The Series of decisions that led to the Macondo well Blowout. The decisions 
were made to save time and money, but ultimately led to disaster. (From: National 
Commission on the BP Deepwater Horizon Oil Spill and Offshore Drilling 2011) 
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Figure 1. A simplified diagram of an offshore deep water oil well, including the drilling 
rig and detail of the blowout preventer. (From Progressive Mangament 2011) 
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Figure 2. A simplified diagram of a deep water well. The well on the left was finished 
with the long string technique that failed at the Macondo well, while the well on the right 
shows the more costly, but safer tie back method. Note the two black cement seals for the 
tie back method. (From: National Commission on the BP Deepwater Horizon Oil Spill 
and Offshore Drilling 2011) 
 

 

20 



 

Figure 3. The Deepwater Horizon drilling rig burning before sinking as a result of the 
well blowout. (From: National Commission on the BP Deepwater Horizon Oil Spill and 
Offshore Drilling 2011) 
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Figure 4: Theoretical purpose of deep-water dispersant application (From: Kujawinski et 
al. 2011). 
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Figure 5. A diagram of broken riser and source of oil discharge. Dispersants were 
eventually directly injected into area labled “leak after May 1.” (From: Progressive 
Manaegement 2011).  
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CHAPTER 2  
 

PHYSICAL AND CHEMICAL EFFECTS OF OIL DISPERSANTS   
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To begin a discussion of oil dispersants it is important to understand what they are 

and how they work. I will address in this chapter, the physical and chemical effects of 

dispersant on oil and how this affects the behavior of oil spills. I will start with a 

discussion of the composition of oil to facilitate an understanding of the next section on 

the properties of oil, and then explain the composition, effects, and purpose of 

dispersants. I will finish with a discussion of how oil behaves in the marine environment 

and how its behavior is affected by dispersants.  

 

The Composition of Crude Oil 

To understand the behavior of oil in the environment and the effects of dispersants, it 

is important to understand what oil is. Petroleum is a gaseous, liquid, or solid mixture of 

hydrocarbons that occurs naturally on earth (Speight 1980). The terms petroleum and 

crude oil are equivalent and describe the natural state (native) of oil. These terms will be 

used interchangeably in this thesis and alternate terms will be used for refined oils and 

petroleum products. Petroleum is composed primarily of hydrogen and carbon, up to 97 

percent, in varying forms (Speight 1980). Petroleum may also contain other organic and 

metallic constituents. The molecular contents of crude oil are relatively consistent despite 

a variation in properties from heavy to light crudes (Speight 1980). Rather than a 

variation in molecular content, the differing properties of crude oils are accounted for by 

the variation in the structure of the hydrocarbon constituents (NRC 2003). The structure 

and resulting properties of hydrocarbons affect their behavior once released into the 

marine environment. 
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The hydrocarbons found in petroleum can be divided into three broad classes based 

on structure: saturates, non-saturates and aromatics (NRC 2003). Each of these classes 

contains further delineations. Saturated compounds are often referred to as paraffins 

within the petroleum industry and as alkanes in chemistry (Speight 1980). They are 

straight and branched chains of hydrocarbons bound by single carbon to carbon bonds. 

The lightest paraffins are gases while heavier ones are highly viscous liquids at room 

temperature. Paraffins are non-polar, relatively chemically inert, and decrease in 

abundance with increasing molecular weight of oil. Napthenes are the second type of 

saturate compounds and are also known as cycloparaffins or cycloalkanes (Speight 1980). 

These are saturated hydrocarbons containing ring structures. Napthenes are non-polar and 

generally constitute a significant fraction of petroleum (NRC 2003).  

Unsaturated hydrocarbons occur in several different forms. Straight chain and 

branched molecules containing one carbon-carbon double bond are referred to as olefins 

and molecules with two double bonds are dienes, three double bonds are trienes and so 

forth, but outside the petroleum industry these molecules are referred to as alkenes 

(Speight 1980). They are not found in large concentrations in crude oil because the 

double bond is more reactive than a single bond but are more common in refined 

petroleum products (NRC 2003). Olefins are generally non-polar but may combine with 

other elements that alter their properties. Aromatics are another class of unsaturated 

hydrocarbons, such as benzene and napthalene (Speight 1980). The resonance structure 

of these cyclic aromatics makes them stable and thus they occur in relatively high 

quantities, between 10 and 50 percent in crude oil (NRC 2003). Aromatics are the most 

toxic components of crude and can be separated into further categories. BTEX molecules 
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are a group of the most volatile components of crude and are single ring structures 

including benzene. Polycyclic aromatic hydrocarbons (PAHs) contain at least two 

aromatic rings (NRC 2003). PAHs are often grouped with other polycyclic compounds 

containing non-hydrocarbons and considered the most environmentally hazardous 

components of crude oil.  

The primary non-hydrocarbon organic compounds contain sulfur, oxygen, or nitrogen 

(Speight 1980). These elements may be present in amounts from 0.1 up to 6.0 percent of 

the elemental composition of petroleum (NRC 2003). Sulfur is present in all crude oils 

and generally occurs at higher concentrations in higher density oils. Oxygen generally 

occurs at low levels within petroleum but exposure to the atmosphere can increase the 

oxygen content of petroleum. Nitrogen is the final organic constituent that is commonly 

found in petroleum. The effects of all organic constituents on the properties of oil are 

relatively mild but their presence may affect polarity and volatility.  

The metallic constituents of petroleum generally occur in very small amounts. 

Metallic compounds too can be divided into two classes, the first contains zinc, titanium, 

calcium, and magnesium and occur in petroleum as organo-metallic soaps (Speight 

1980). That is, the metallic compounds are polar and thus miscible with water but also 

contain non-polar hydrocarbon constituents. This property, known as bipolarity, gives 

these compounds surface-active properties, which allow them to aggregate at the 

interface between oil and water and chemically stabilize the oil and water. The remaining 

metals that occur in petroleum at appreciable amounts are vanadium, copper, and nickel 

(Speight 1980). These metals are generally present as oil soluble compounds, in 
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elemental and ionic (chemical salt) form and can complex with certain organic 

molecules.  

 

Physical and Chemical Properties of Petroleum 

 The physical and chemical properties of petroleum define how an oil or oil 

product will behave once it has entered into the environment. Properties that affect oil 

behavior include density, polarity, solubility, viscosity, interfacial and surface tension, 

and volatility. These properties along with other environmental variables can also govern 

the successful application of cleanup technologies. These properties are important 

because dispersants seek to chemically change them to alter the behavior of oil. Despite 

the range of contents most crude oils behave similarly with certain properties varying by 

fraction (Speight 1980).  

Density is a measure of mass per unit volume. It is a critical property of petroleum 

in understanding oil spills because it is the primary property affecting the distribution of 

oil in the water. Density is measured in grams per cubic centimeter or as specific gravity 

(Speight 1980). Most petroleum ranges from 0.7 to 0.99 g/cm3 (specific gravity 0.8 to 

1.0) (Speight 1980; NRC 2003). The density of seawater is 1.03g/cm3 (specific gravity 

1.028) and therefore, most petroleum fractions will float in the marine environment. 

Density is determined by the relative amounts of heavy and light constituents (Rogowska 

and Namiesnik 2010). For instance, aromatic components are dense, whereas paraffins 

are relatively light. Density can be used to assess persistence because the lightest 

compounds are removed from the environment faster than heavier ones (NRC 2003). 
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Polarity is a measure of a molecules electric dipole. Molecules of similar polarity 

interact favorably, chemically stabilizing one another, while molecules of differing 

polarity repel. Petroleum is generally a substance of low polarity (NRC 2003). This is 

because pure hydrocarbons, the main constituents of oil, are non-polar. Therefore, oil and 

water typically do not interact favorably. Oil is not perfectly non-polar because it 

contains other atoms, organic and metallic, that affect its polarity. The presence of certain 

metallic constituents and organic molecules can increase the solubility of oil (Speight 

1980). Examples of polar compounds in petroleum are resins, which are small 

compounds and asphaltenes, larger compounds that can dramatically increase the 

viscosity of oil (NRC 2003). Oil dispersant surfactants contain polar and non-polar 

sections that are capable of favorably interacting with water and oil simultaneously.  

Solubility is the measure of the amount of oil that will dissolve into the water 

column (NRC 2003). The dissolution of oil is driven by chemically favorable interactions 

between water molecules and oil constituents. Petroleum solubility is generally very low 

because oil and water do not favorably interact due to their differing polarity. Petroleum 

solubility in the marine environment is usually less than 100 parts per million. Because 

this amount is so low, dissolution plays a minor role in the natural behavior of oil in the 

marine environment. Oil dispersants act between the boundary of oil and water to create a 

more favorable chemical interaction between the liquids (NRC 1989, 2005). This 

surfactant action breaks oil into small drops that dissolve into the water column, 

effectively enhancing the solubility of oil. This property is important to consider because 

water-soluble fractions of oil are often the most toxic to marine life (NRC 2003). 
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Removing oil from the surface by dissolution is the purpose of dispersants, but in doing 

so they enhance toxicity to marine life in the water column.  

While oil and water are immiscible, under certain conditions they can be forced to 

mix (NRC, 2003; Rogowska and Namiesnik 2010). Mixtures of two immiscible liquids 

such as oil and water are referred to as emulsions. In the case of water and oil two types 

of emulsions can form: oil in water emulsions and water in oil emulsions. Oil in water 

emulsions occur when droplets of chemically unstable oil become entrained in the water 

due to neutral buoyancy. Oil in water emulsions can be referred to as physically or 

naturally dispersed oil and are beneficial in increasing the rate of oil fate. Water in oil 

emulsions form when water droplets become entrained in a petroleum plume or slick. 

Water in oil emulsions can stabilize petroleum, increasing viscosity and persistence 

making water in oil emulsion prevention a concern to responders. Water in oil emulsions 

are often referred to as tar balls.  

Interfacial tension is the measure of the forces acting at the boundary of two 

immiscible liquids such as oil and water (Speight 1980). This property is directly related 

to polarity and solubility. The tendency for two liquids to mix is affected by their polarity 

difference. In immiscible liquids this difference creates interfacial tension at the boundary 

of the two liquids. The unfavorable forces at the boundary cause the liquids to aggregate 

amongst themselves decreasing solubility. Interfacial tension increases directly 

proportional to temperature and molecular weight. Dissolved gases in the immiscible 

liquids decrease this property. A rise in pH will also decrease interfacial tension. 

Interfacial tension is important in relation to dispersants because it is lowered by the bi-

polar nature of surfactants allowing for more favorable oil and water interactions.  
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Surface tension is the measure of the forces acting at the boundary of two phases 

of matter and is closely related to interfacial tension (Speight 1980). Surface tension 

comes into play, for example, in the interactions between oil and air, such as at the 

surface of a slick and in between oil and solids, such as sand or sediment. Surface tension 

is related to viscosity and increases in a directly proportional relationship. Increases in 

molecular weight raise this property in petroleum. Elevated temperatures and the 

presence of dissolved gases lower this property of oil. Surface tension is important 

because it can affect the tendency of a liquid to flow in the environment (Rogowska and 

Namiesnik 2010).  

 Viscosity is the measure of a fluids internal resistance to flow as a result of 

cohesion between the molecules of that fluid (Speight 1980). This is the most important 

physical characteristic governing the motion of petroleum and varies by oil composition 

and environmental characteristics. The viscosity of petroleum is affected by the 

proportion of heavy and light fractions (NRC 2003). Petroleum that contains primarily 

light fractions like saturates flows readily, but heavier fractions containing compounds, 

such as asphaltenes, are resistant to flow. The viscosity of oil is highly temperature 

dependent and increases in colder temperatures, therefore oil spilled in colder climates 

will spread more slowly (Speight 1980). Oil viscosity also changes over time due to 

weathering (NRC 2003). As lighter fractions evaporate the remaining compounds are 

more resistant to flow and the weathering process slows. The remaining heavy 

compounds are persistent and are more likely to form emulsions. Early application of 

dispersants is important because they are most effective on the lighter fractions of oil and 

can help prevent the formation of viscous emulsions and tar balls. Viscosity of petroleum 
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also increases under pressure (Speight 1980). This contributes to altered transport 

behavior of petroleum in deep-sea releases.  

 Volatility is the tendency of a liquid to evaporate (NRC 2003). The majority of 

crude oil components are liquids under normal conditions, but these liquid components 

vary in volatility (Speight 1980). The lighter petroleum fractions evaporate more readily. 

Gasoline will evaporate completely in hours, whereas no more than 10% of heavy 

distillates will evaporate. Volatility increases with higher temperature. Volatility may 

also greatly vary between refined fractions of oil (NRC 2003). Volatility is important 

because it removes oil form the immediate environment and because the loss of light 

fractions change the characteristics of oil. The remaining heavy fractions are more likely 

to form water in oil emulsions. Dispersants must be applied quickly to prevent the 

formation of these emulsions.  

 

Oil Fate 

Oil fate is the collection of processes that oil undergoes once it has entered the 

marine environment resulting in change of composition, transportation and eventually, 

incorporation into the surface environment of the earth (NRC 2003). Oil fate can be 

divided in two categories: transport and weathering. Transport is the series of processes 

that physically move the oil and weathering is the series of physical and chemical 

changes that oil undergoes. Weathering processes include, both biotic and abiotic 

reactions (Thibodeaux 2011). The collective fate processes are very complex and 

interdependent; they vary by oil composition, source of spill, and local environmental 

characteristics (Wang et al. 1999). All released oil is subject to the same fate process 

32 



 

upon reaching the surface. Oil released in deep water is subject to further processes that 

alter its fate and environmental effects.  

 

Transport 

 Once oil has been released into the marine environment, its motion is governed by 

a broad suite of transport processes (Figure 1). These include phase and fraction 

distribution, dispersion, dissolution, spreading, advection, Langmuir circulation, 

sedimentation, over washing, and stranding (NRC 2003 1989 2005: Rogowska and 

Namiesnik 2010). Surface and shallow water oil releases have been the most heavily 

studied because deep water drilling is a relatively new process. Most transport processes 

are shared regardless of where the oil is released because most oil will eventually reach 

and reside on the surface. Deep-water spills differ in the behavior of phase distribution, 

the amount of dissolution that occurs, and in subsea transport and emulsification that 

affect the distribution and behavior of oil once it has reached the surface (NRC 2003; 

Thibodeaux 2011).  

Phase and fraction distribution are among the first processes to affect the 

distribution of oil (Gossen 2006; Thibodeaux 2011). Petroleum contains different phases 

from gases to liquids to solids. Once oil has been released each phase behaves differently. 

Gases will dissolve in the water or diffuse into the atmosphere. In the case of a deep-

water release, most gases will dissolve and remain at depth (Kujawinski et al. 2011; NRC 

2003). The liquid components of oil will partition by fraction (Gossen 2006). Up to sixty 

percent of the oil will form a liquid film on the surface. Another thirty percent of oil with 

higher density and solubility will reside in the near surface layer. Ten percent or less will 
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be dissolved or become entrained and distributed throughout the water column as a 

physically dispersed oil in water emulsion. Finally, the heaviest fractions and solids will 

sink and interact with the sediment. Phase and fraction distribution occurs quickly after 

release and the remaining processes govern the subsequent behavior.  

Advection and spreading are the primary processes affecting horizontal transport 

of oil at the surface (Rogowska and Namiesnik 2010). Advection is the bulk motion of a 

fluid relative to its surroundings. It can be driven by wind or current or even buoyancy in 

the case of deep water plumes. Advection does not increase the area of an oil slick and 

therefore, advection can be considered horizontal movement without spreading. 

Spreading is the horizontal growth or increase in surface area of an oil slick. As a slicks 

surface area increases its thickness decreases. This is caused by the interplay between 

gravity, viscosity and surface tension. Because spreading is related to the viscosity and 

surface tension of oil, it is affected by the ambient temperature. Spreading is thus, 

expected to be affected by the type oil and the ambient temperature. Spreading is 

important because responses such as burning are less effective on thin oil slicks.  

Dispersion is the mixing of oil and water driven by external mechanical energy 

(Rogowska and Namiesnik 2010). Natural (physical) dispersion is the formation of oil in 

water emulsions mentioned above. This process is chemically unfavorable because the oil 

and water are not miscible; it relies instead on energy input from waves, wind and 

current. Dispersion forms many small droplets of oil, which are distributed in the water 

column. If sufficiently buoyant the droplets will rise again, but if not they remain 

entrained in the water column. Dispersed oil is not chemically stable and will re-

aggregate if given the opportunity. Natural dispersion is a relatively minor process, which 
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oil dispersants seek to enhance by increasing the solubility of oil (NRC 1989). The 

dynamics of dispersion are different in a deep-water spill because the oil must travel a 

long distance in the water column to the surface. The added pressure decreases the 

buoyancy and results in more dispersed oil becoming entrained in the water column 

(NRC 2003).  

 Dissolution is the chemically driven process of oil spreading throughout the water 

column (NRC 2003). This process differs from dispersion because it is driven by 

chemical energy rather than mechanical. In dissolution, soluble components of oil 

interact favorably with water and mix into the water column. Dissolution is a minor 

process because most fractions of oil are not soluble in water, affecting no more than ten 

percent of released oil. Dissolution can be enhanced by oxidation of oil by light or 

microbes, which results in products that are water soluble (Page et al. 2000; Rogowska 

and Namiesnik 2010). Dissolution is also enhanced in deep-water spills by two processes: 

the oil is under greater pressure at depth enhancing solubility and is exposed to more 

water in its travel to the surface (NRC 1989).  

Langmuir circulation, sedimentation, and over-washing are further mechanisms 

that affect the vertical distribution of oil in the water column (NRC 2003). Langmuir 

circulation is a complex wind driven process that results in water transport. This process 

can move oil, but it is poorly understood in this context. Langmuir circulation may 

enhance the efficacy of dispersants, which depend on energy input to facilitate dispersion. 

Sedimentation is the adherence of oil to particulate matter in the water column via 

adsorption or absorption. The particulate matter eventually settles out of the water 

column where the oil then interacts with the benthos. The effects of dispersants on 
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sedimentation are poorly understood (NRC 2005). A variety of processes affect the 

sedimentation of oil in the presence of particulate matter including, the size of 

agglomerations of oil and the amount of sediment (Guyomarch et al. 2002). Generally, it 

assumed that dispersants enhance sedimentation by spreading the oil into the water 

column to enhance the oils interaction with sediment (NRC 2005). Over-washing is the 

process of water being driven over floating oil by waves (NRC 2003). This process can 

enhance dispersion and dissolution, but is generally considered to be a temporary 

redistribution of the oil. Over-washing can increase the dispersion of oil in the presence 

of dispersants.  

Oil stranding is the process by which oil interacts with sediments on a shoreline 

(NRC 2003). Stranding results in the trapping of oil and alteration of other transport 

mechanisms. The type of sediment found on a beach influences the behavior of the oil. 

(Defeo et al. 2009; Owens et al. 2008; NRC 2003). Course sediment is more permeable to 

oil; this makes oil highly persistent, when it strands on these types of beaches. Oil that is 

trapped in sediments is a problem because it is at risk of being moved on and offshore by 

wave action and settling further into the interstitial space.  

 

Weathering 

 Weathering is the host of physical and chemical changes oil undergoes in the 

marine environment (Figure 2). It is important to keep in mind that the weathering of oil 

is affected by the transport processes mentioned above and that it in turn can affect 

transport. The first mechanism that I will consider is evaporation, or volatilization. 

Evaporation is a very important weathering process because it results in the removal of 
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oil from the local environment and can affect large amounts of oil (NRC 2003). A spill of 

light oil may lose as much as 75% of its initial volume within a few days, whereas a spill 

of heavy oil may not lose only 10% during this same time period. Regardless of the 

amount of oil removed evaporation changes the composition of a spill. Evaporation 

removes the lightest components of the spill (often early in the timeline) leaving heavier, 

persistent, and viscous components in the water. This change in composition makes the 

oil more likely to emulsify. Dispersants and other mitigation techniques have lower 

efficacy on emulsified oil necessitating rapid response. 

Oxidation reactions are important in breaking down petroleum in the sea. 

Oxidation reactions change the structure of the hydrocarbons in oil by oxidizing them to 

alcohols, ketones, and organic acids (NRC 2003). In photo-oxidation oil reacts with light 

to form the aforementioned products. The products of photo-oxidation are more water 

soluble than reactants and thus, photo-oxidation tends to increase the process of 

dissolution. The products however, are more toxic to marine life (Rogowska and 

Namiesnik 2010). These light-dependent reactions only occur close to the surface and are 

dependent on the amount of UV radiation and are therefore, most prevalent at low 

latitudes. Oil dispersants can lower the impact of photooxidation on weathering oil 

because once the oil dissolves into the water column less light reaches it (NRC 2003, 

2005).  

The second type of oxidation reaction to occur with oil is caused by microbial 

degradation. Bacteria, fungi, and heterotrophic plankton carry out aerobic reactions to 

break down the oil. Other anaerobic bacteria that reduce sulfate and iron may also 

degrade the oil. In microbial oxidation, oil components are degraded preferentially, with 
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alkanes being broken down first, followed by aromatics, and finally polar compounds 

containing sulfur and oxygen (Price 1993; NRC 2003). This hierarchy may result from 

the difficulty microbes with lipophilic cell membranes have interacting with polar 

compounds (NRC 2003, 2005). These reactions use oxygen from the surrounding 

environment and are sensitive to oxygen depletion, which can slow the rate at which they 

occur (Thibodeaux 2011). Oxygen depletion is also at problem for surrounding marine 

fauna and flora. Oil dispersants are generally assumed to increase the rate of microbial 

oxidation by breaking oil slicks and plumes into small droplets, thereby increasing the 

surface area available to the bacteria (NRC 2005). The exact effects of this process 

remain controversial.  

The final weathering process considered here is the formation of oil and water 

emulsions. Emulsions are formed when water droplets become entrained in the oil and 

are often referred to as mousse due to their appearance (NRC 2003; Rogowska and 

Namiesnik 2010). Water in oil emulsions usually contains 20 to 80 percent water by 

volume. The incorporation of water affects the oil by increasing the viscosity and surface 

tension and expanding its volume, resulting in a stable state. Emulsions generally float, 

though emulsions of heavy fractions may sink (NRC 2003). The increased surface 

tension and viscosity make emulsions unlikely to spread and highly persistent. Their 

persistence and tendency to float puts emulsified oil at high risk for stranding. Stranded 

emulsions are often referred to as tar balls (Figure 3). Oil is more likely to form 

emulsions under low temperatures due to increased viscosity. Dispersants have less effect 

on emulsified oil, and must be applied quickly after oil is spilled. If dispersants are 
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applied in time they can prevent emulsions and thus, decrease the persistence of the oil 

and its likelihood of washing up on shore.  

 

Differences in the Fate of Deep Water Spills 

 Subsurface oil releases differ from surface spills in a variety of ways. Subsurface 

spills are typically caused by blowouts, shipwrecks and damaged pipelines. Subsurface 

spills can be divided into two categories by depth: shallow releases that occur at less than 

200 m and deep releases that occur at greater than 200 m depths (NRC 2003). The 

distinction is made because pressure caused by deeper spills changes the behavior of the 

oil enough to alter fate processes. Transport and dissolution processes in subsurface spills 

are different than for surface spills (NRC 2003). When oil is released underwater, it is 

transported by currents more readily which results in a surface slick that behaves 

differently than a slick beginning at the surface (Figure 4). The second difference is that 

dissolution of oil is greatly enhanced in subsurface spills because the oil is exposed to 

more water over longer periods of time under increased pressure.  

 Shallow water subsurface spills begin in what is known as a jet phase, provided 

the oil is under pressure (NRC 2003). Oil is released from the source under pressure, as 

an expanding cone of high velocity oil, which dissipates quickly. Once oil has traveled 

beyond the jet, it enters plume phase. Oil in plume phase begins to uniformly rise to the 

surface driven by the buoyancy of contained gases and liquid. The more buoyant the oil, 

the faster the plume rises. The buoyancy of the plume acts to pull non-buoyant fractions 

of oil, gas and water with it, though some of these fractions may not be buoyant. Plumes 

pull large quantities of adjacent seawater to the surface with them. Undersea currents also 
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act to spread the oil as it rises and partition it by buoyancy. More buoyant fractions 

undergo less horizontal transport because they rise faster and are subject to horizontal 

transport for less time. This horizontal transport acts to fractionate the slick by buoyancy 

(affected by the density and size of oil droplet) with the most buoyant fractions surfacing 

closest to the source. Once at the surface the oil forms the slick, which expands due to 

radial outflow and gravitational forces.  

 The behavior of subsurface releases deeper than 200 m is more complex than 

those under this depth (Johansen 2003; NRC 2003). The jet phase is not appreciably 

different to the analogous shallow subsurface release phase mentioned above. Plume 

behavior is more complex at depth. Deep plumes entrain more dense water at depth and 

can form suspensions that are neutrally buoyant and cease to rise. Eventually lighter and 

heavier components may separate and allow portions of the plume to rise again until it 

entrains more dense water in a repetitive process known as peeling. Plumes will 

eventually separate and cease to rise cohesively at their terminal phase, instead allowing 

droplets to rise under their own buoyancy. Cross current effects on deep plumes are 

similar to those described above except that they can have an even greater effect, as the 

oil takes longer to reach the surface. Gas behavior at depth differs drastically from 

behavior in shallow water (Johansen 2003). Gas compression and thus buoyancy is not 

affected linearly at depth. At deeper than 300 m natural gases are likely to mix with water 

and create solids known as hydrates. Hydrates are less buoyant than gases and thus slow 

the rise of plumes. Eventually the hydrates will decompose and most gas released at 

depth will dissolve into the water column.  
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 The majority of oil released in deep water will eventually reach the surface 

(Johansen 2003; NRC 2003; Thibodeaux 2010). Under ideal conditions no more than 

10% of liquid oil will dissolve in the water column. The surface slick formed will be thin 

and diffuse due to the fractionation and undersea transport of the oil. Most gases will 

have dissolved before reaching the surface. Deep oil releases become entrained with 

water while rising and are likely to contain significant amounts of emulsified oil by the 

time they reach the surface. Upon reaching the surface, oil released in deep water is 

subject to the same fate processes as other oils released at the surface (NRC 2003; 

Thibodeaux 2011). The major differences lie in the fractionation of the surface slick and 

the amount of oil and gas that dissolves or remain in the deep water column. Deep oil is 

also subject to sedimentation (Thibodeaux 2011). Oil that remains in or settles out of the 

water column is subject to biodegradation, but oil that remains at depth may be more 

persistent than surface oil because it is not subject to the full spectrum of fates, notable 

exceptions include evaporation and photo-oxidation, which have marked effects on 

surface oil. 

 Another important difference between shallow and deep water releases is the risk 

of oil emulsifying before it reaches the surface (Daling et al. 2003, NRC 2003). Because 

oil is exposed to more water during transport to the surface it is not only subject to more 

dissolution, but also to entrainment. Oil droplets may become entrained in the water, not 

chemically stable but neutrally buoyant. More importantly, water may become entrained 

in the oil, causing water in oil emulsion before the oil reaches the surface. If oil 

emulsifies before reaching the surface it significantly decreases the efficacy of response 

and increases the longevity of the oil in the environment.  
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Oil Dispersants 

 Dispersants are chemical formulations designed to be a tool in combating oil 

spills by changing the behavior of the oil. Oil and water are by nature largely immiscible 

and most liquid fractions of crude oil are buoyant in the marine environment (NRC 

2003). As a result of these properties, oil spills create large surface oil slicks. Oil slicks 

are unsightly, harmful to organisms that depend on surface waters, and at risk of being 

transported onto shore. Oil dispersants were designed to facilitate the dissolution of oil 

off the surface and into the water column (NRC 1989, 2003). Dispersants do not change 

the composition of the oil or remove it from the environment, but rather act in a similar 

manner to dish soap breaking the oil into small droplets and acting at the oil-water 

interface to allow the oil to dissolve into the water column (Figures 5 and 6). Dispersants 

are dependent on external energy in the form of waves and mixing to facilitate breaking 

the oil into droplets. In theory, this has many benefits. When applied to the leading edge 

of an oil slick, the dispersant can dissolve the slick and prevent it from traveling towards 

the shoreline. Removing oil from the surface can lower the exposure of surface dwellers, 

like sea turtles and marine mammals to oil. Oil dispersants may also have benefits that 

are harder to see, i.e. increasing the surface area of the spilled oil by breaking it into 

droplets allowing microorganisms greater access to the oil and speeding its consumption.  

 All oil dispersant products are based on the same general principles, though their 

specific compositions vary greatly. The key ingredients in any dispersant are one or more 

surfactants and a solvent (NRC, 1989, 2005). Surfactants, also known as surface-active 

agents or detergents, are the active ingredients of dispersant. These molecules are bi-
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polar, meaning that they contain water soluble portions (hydrophilic) and oil soluble parts 

(lipophilic or hydrophobic). Surfactants are often defined by their hydrophilic-lipophilic 

balance (HLB), which is measured on a scale from 1 to 20 with 1 being the most oil 

soluble and 20 being the most water soluble (Figure 6). Adjusting the HLB can increase 

the ability of a surfactant to stabilize oil. A highly oil soluble surfactant, low on the HLB 

scale, will stabilize a solution of oil and water that is predominantly oil. Similarly, a 

surfactant high on the HLB scale will stabilize oil and water solution composed primarily 

of water. Surfactants are also affected by salinity because lipophilic portions tend to be 

less soluble in higher salinity. This is of concern for dispersants used in the marine 

environment, which need to be more hydrophilic to avoid being salted out.  

 Surfactants are generally grouped by their molecular charge type. Molecular 

charge determines polarity and influences HLB. Surfactants may be either ionic or non-

ionic (NRC 1989). Ionic surfactants can be further delineated into: i) anionic molecules 

that have a negative molecular charge and include compounds like sodium dioctyl 

sulfosuccinate; ii) cationic surfactants contain a positive charge, for instance ammonium 

salts, but the toxicity of these molecules generally precludes their use in dispersants; and 

iii) zwitterionic molecules, also known as amphoteric, which contain both a positive and 

negative charge and are not used in dispersants. Non-ionic molecules are the most 

common surfactants used in oil dispersants, i.e. ethoxylated sorbitan mono-oleate.  

 The concentration of surfactants is an important property in determining the 

efficacy of a dispersant alongside the HLB (NRC 1989). Surfactants dissolve oil by 

creating micelles, ordered groupings of molecules with the hydrophilic portions of the 

surfactants facing outward and the lipophilic portions interacting with oil in the center. In 
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this way, the hydrophobic oil does not come in contact with the surrounding water. 

Generally, higher concentrations of surfactant are more effective, to a point. When 

surfactant concentration becomes too high, a point called the critical micelle 

concentration (CMC) is reached (Chatterjee 2001). At this point surfactant molecules 

become ordered into micelles without oil in their center such that their hydrophilic 

portions face out and the lipophilic portions face in preventing interactions with oil. This 

property makes the dispersant to oil application ratio important because dispersants are 

most effective when applied at a specific concentration.  

 Solvents are the second major component of dispersants (NRC 1989, 2005). 

Solvents reduce the viscosity of surfactants and facilitate dispersal by creating a 

homogeneous mixture and increasing the solubility of surfactants in the oil. Solvents are 

usually water, water miscible compounds or hydrocarbons. Solvents can be important in 

determining the efficacy of dispersants in a particular environment as well. Aqueous 

solvents are less effective in arctic conditions because they tend to freeze in application 

nozzles (NRC 1989). Most dispersant solvents are hydrocarbon based (Exxon Valdez Oil 

Spill Trustee Council 1994; Zurer 2003). This fact adds to the controversy behind 

dispersant use because using dispersants adds more hydrocarbons by weight to a 

hydrocarbon spill, which seems counterproductive. This problem led to a discontinuation 

in the use of hydrocarbon based solvents on shorelines. The Corexit dispersants used in 

the DWH contain hydro-treated light petroleum distillates, such as kerosene MSDS 

(Nalco 2005, 2008; Progressive Management 2011b).  

 Early oil dispersant formulations were highly toxic and had low efficacy in the 

environment (NRC 1989). These dispersants were based upon ship engine room 
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degreasers and were toxic due to their surfactants and solvents, which were based on 

toxic aromatic hydrocarbons. Modern dispersants designed specifically for use in the 

environment have changed to less toxic surfactants and removed aromatic hydrocarbons 

from their solvents. Dispersants have also been engineered to enhance efficacy. Early 

dispersants contained surfactants with the optimum HLB for their intended use. Modern 

dispersants are sophisticated containing several surfactants of different HLB which 

average to the ideal combined HLB increasing their efficacy in the real world.  

 The most common oil spill dispersants are the Corexit line of products produced 

by Nalco (NRC 2005). Nalco’s two products, Corexit 9500A and Corexit 9527A, were 

exclusively used in the Gulf of Mexico responding to the Deepwater Horizon (Torrice 

2010). Deepwater application was limited to the newer product, 9500A. Both Corexit 

products use a mix of surfactants including the anionic surfactant dioctyl sodium 

sulfosuccinate (DOSS) and the non-ionic surfactants tween 80, tween 85 and span 80 

(Progressive Management 2011b). Both products contain hydro-treated light petroleum 

distillates, propylene glycol and 2-propanol as solvents. Corexit 9527A also contains 2-

butoxy-ethanol, which has adverse health effects in humans and as a result the use of 

9500A was preferred in this oil spill. The specific ingredients of both Corexit products 

are listed in Table 1, relative amounts are proprietary (NRC 2005). Chemical Structures 

for select components can be found in Figure 7. 

 To secure product approval, EPA requires the manufacturers of dispersants to 

submit standardized toxicity and efficacy data (NRC 2005; U.S. Environmental 

Protection Agency 2010a). Efficacy data is based on a swirling flask test (Blondina et al. 

1997; U.S. Environmental Protection Agency 2003). In this test, oil and dispersant are 
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mixed at a 10:1 ratio and mechanically swirled in a modified Erlenmeyer flask for 20 

minutes (Figure 8). Afterwards the solution is allowed to sit for 10 minutes, a sample is 

taken from the bottom of the flask, and analyzed for oil content with UV absorption 

spectroscopy using three visible wavelengths 340, 370, and 400 nm. Results are 

displayed in terms of percent efficacy in which the calculated mean value for total mass 

of dispersed oil is divided by the total mass of oil in the system multiplied by 100: 

%EFF=(Cmean/Ctotal)*100 (U.S. Environmental Protection Agency 2003). Each dispersant 

is tested on two standardized crude oils, a Prudhoe Bay Crude Oil and a South Louisiana 

Crude Oil. Effectiveness is provided for each type of crude and an average is given 

(Table 2). The data for each registered dispersant can be found in the EPA National 

Contingency Plan (NCP) Product Schedule (U.S. Environmental Protection Agency 

2010ab).  

 The dispersants found on the NCP product schedule vary from 50 percent up to 70 

percent average efficacy (Appendix A) (U.S. Environmental Protection Agency 2011). 

Some dispersants are relatively consistent between the two types of oil, but others are 

significantly more effective on one type of oil versus the other. An example is the NEOS 

AB3000 dispersant, which is less than 20% effective on Prudhoe Bay Crude Oil but 90% 

effective on South Louisiana crude. The Corexit dispersants are on the low end of the list 

in terms of average efficacy. Corexit EC9500A has a 45.30 percent efficacy on Prudhoe 

Bay oil and a 54.70 percent efficacy on South Louisiana oil. Corexit EC9527A has a 

Prudhoe Bay Crude efficacy of 37.40 and a South Louisiana Crude efficacy of 63.40 

percent. The averages for these two dispersants are relatively low, 50 and 50.4 percent 

respectively but their percent efficacy per individual oil is about average. This is because 
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most dispersants with a high average efficacy are characterized by high efficacy in one 

oil and low for the other.  

 The motive behind the choice by BP to use the Corexit products in response to the 

Deepwater Horizon spill is unknown (Voith 2010a). Other dispersants with higher 

efficacy on Louisiana crude oil exist, but may not have been available in sufficiently 

large quantities (Progressive Management 2011b). Corexit products are the most 

common oil dispersants and have been tested in natural environments many times (NRC 

2005). Furthermore, the information that can be drawn from EPA test data is limited. 

EPA tests do not account for varied application ratio, variant temperatures, and the 

weathering of crude oil in the marine environment. The choice between the two Corexit 

products is more clear (NRC 2005). Corexit 9500A was favored and used more 

frequently than 9527A because it had less adverse human health effects and is more 

effective on weathered oil.  

Theoretically, dispersants could be matched to the type of oil and the 

environmental conditions to ensure optimum efficacy (NRC 1989, 2005). In recent years, 

more effort has been put into field testing dispersants and accurately monitoring the 

effects of dispersants on oil spills. As of yet, it is not possible to accurately choose one 

product over another based on the type of oil spilled. Oil type and particularly the relative 

fractions present in oil are important in determining toxicity and the relative properties of 

that oil and its behavior in the environment.  
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Effects of Dispersants on Deep water Releases  

 Upon reaching the surface, oil released at depth can theoretically be treated with 

any traditional response method. The tendency for oil to be transported and emulsify on 

the way to the surface can decrease the efficacy of any response technique on the surface. 

BP chose to add dispersants at depth, something that had not been done before. Their 

justification was that it could enhance the efficacy of the dispersant and overall response 

by dispersing oil before the formation of emulsions and possibly sequestering the oil in 

the deep, where it would not impact surface fauna and shorelines (Torrice and Voith 

2010). BP used ROVs to directly inject dispersant into the oil being released from the 

wellhead, relying on the turbulent jet phase to mix the dispersant with the oil. Because 

the Macondo well blowout was the first instance of deep water dispersant application, the 

early studies of this event provide the best evidence as to the effects of dispersants at 

depth. At the time of this writing, few publications had been released, making conjecture 

beyond these early results purely speculation.  

 Early studies showed that oil released from the Deepwater Horizon blowout 

aggregated in massive deep sea plumes (Thibodeaux 2011). The size of the plumes, up to 

ten miles long, three miles wide, and 120 m (400 ft) in depth, led scientists to conclude 

that they could not be comprised solely of oil, but rather of oil droplets in greater 

quantities of water. The presence of oil droplets is promising suggesting that the 

dispersants had served their intended purpose. Another study showed that the surfactant 

Dioctly Sodium Sulfosuccinate (DOSS), a component of both Corexit products, had 

indeed been associated with underwater plumes (Kujawinski et al. 2011). This study 

concluded that it was too early to determine if the dispersants had served their intended 
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role, or if the surfactants had instead been associated with other components of the deep 

water plume (such as dissolved methane and methane hydrates) and thereby, been 

rendered unavailable to the oil.  

 Regardless of whether or not the dispersants served their intended role, 

Kujawinski et al. (2011) tracked the underwater plume and dispersant component for 64 

days, 300 km from the wellhead. This suggests that deep water plumes were both long 

lived and subject to deep water transport. The concentrations found in this study suggest 

that the dilution of the plume was due to transport rather than microbial oxidation. This 

result is in line with the Thibodeaux et al. (2011) paper, which suggests that subsea 

plumes weather slowly and that the ultimate fate is unknown.  

 The results of these early studies are consistent with the speculation by other 

scientists involved (Joye and MacDonald 2010). The deep water plumes are shown to 

travel within the water column with ocean currents. The lack of photo-oxidation and 

evaporation at depth, make these plumes relatively long lived because they weather 

slowly. Without these two mechanisms at play the ultimate fate of the oil is dependent on 

transport through dilution and advection, sedimentation, and microbial oxidation. The 

water column distribution of the subsea plumes may be particularly important in the long 

term impact of oil according to a modeling study (Maltrud et al. 2010), which suggested 

that oil remaining deeper than 800 m would be subject to relatively little transport and 

remain in the Gulf of Mexico. Any oil that traveled further towards the surface but 

remained in the water column would be subject to significant transport, eventually 

reaching the Atlantic within six months. The costs and benefits of either situation remain 

unclear. Oil that remains in the deep may have more narrow impacts, but those impacts 

49 



 

could be devastating to the deep sea harboring unknown repercussions. Oil closer to the 

surface and subject to more transport could have far reaching impacts, but could also be 

diluted and subject to other fate processes that prevent significant environmental harm far 

from the release. 

 

Conclusion  

 The purpose of this chapter has been to assess the chemical and physical effects of 

dispersants on marine oil spills and to consider the differences that may exist in applying 

dispersants to deep water. Oil itself is a complex mixture of hydrocarbons and other 

elements, which has some basic principle properties. The transport and compositional 

changes that oil undergoes in the environment, referred to as fate, are highly complex 

(Rogowska and Namiesnik 2010; NRC 2003). These processes are affected by 

specificities of the local environment including temperature, currents, upwelling, wave 

energy, light, and biota present. These in turn are affected by local geography, latitude, 

climate, the time of year, and short term weather conditions. The collective fate processes 

through time remove spilled oil from local environments and work to break down the oil 

and incorporate it into the ecosystem.  

Oil dispersants are a tool designed to alter fate processes. Oil dispersants dissolve 

oil into the water column by lowering the interfacial tension between water and oil 

caused by the difference in their polarity. Removing oil from the surface can limit 

transport towards sensitive coastal habitats, lower the exposure of surface dwellers to the 

oil, enhance biodegradation, and prevent emulsification that increases the longevity of oil 

in the environment. While dispersants have drawbacks, such as adding more chemical 
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mass to an oil spill, they are a useful tool for the response team when used in a 

conventional manner (Daling et al. 2002).  

Deep-water spills differ from conventional spills in several ways. Oil released at 

depth increases the amount of oil dissolved in the water column, is subject to transport 

and partitioning by subsea current, and oil may emulsify before reaching the surface 

(NRC 2003). The resulting oil slick at the surface is likely to be diffuse and to contain 

emulsified oil, both of which decrease the efficacy of response countermeasures 

including dispersants. Applying dispersants at depth would theoretically increase the 

efficacy of dispersant application by allowing more time and water exposure for 

dispersion. Additionally, it would reduce the amount of dispersant needed by reaching the 

oil before emulsion formation. Dispersing the oil in the water column could also allow it 

to become sequestered in the deep sea, where it could not reach other sensitive habitats. 

The problems of sequestering oil in the deep sea are i) the effects of oil on deep sea 

habitats, ii) reducing the effects of important fate processes including photo-oxidation 

and evaporation, and iii) extending the time oil remains in the environment.  

Early studies indicate that dispersants may have been effective in the creation of 

large deep-sea oil plumes near the Macondo wellhead (Kujawinksi et al. 2011; 

Thibodeaux 2010). These plumes have so far been shown to be persistent over a period of 

months and are subject to subsea transport. Dispersing this oil may have prevented more 

oil from washing ashore, causing devastating environmental and economic side effects 

(Schooner 2010). The oil and dispersants may be very harmful on the other hand and 

affect the Gulf for decades to come. In this way the decision to apply dispersants subsea 

and in such large quantities may yet prove to be brilliant or devastating.  
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Table 1. The Components of Corexit EC9500A and EC9527A (Nalco 2005, 2008; 
Progressive Management 2011b) 
 
CAS Registry 
Number 

Chemical Name Common name Purpose 

57-55-6 1,2-Propanediol Propylene Glycol Water Soluble 
Solvent 

111-76-2 Ethanol, 2-Butoxy-* N/A Water Soluble 
Solvent 

577-11-7 Butanedioic acid, 2-
sulfo, 1, 4-bis(2-
ethylhexyl) ester, 
sodium salt (1:1) 

Dioctyl Sodium 
Sulfosuccinate 
(DOSS) 

Anionic Surfactant 

1338-43-8 Sorbitan, mono-(9Z)-
9-octandecenoate 

Span 80 Nonionic Surfactant 

9005-65-6 Sorbitan, mono-(9Z)-
9-octandecenoate, 
poly(oxy-1,2-
ethanediyl) derivs 

Tween 80 Nonionic Surfactant 

9005-70-3 Sorbitan, mono-(9Z)-
9-octadecenpate, 
poly(oxy-1,2-
ethanediyl) derivs 

Tween 85 Nonionic Surfactant 

29911-28-2 2-propanol, 1-(2-
butoxy-1-
methylethoxy)- 

N/A   

64742-47-8 Distillates 
(petroleum),  
hydrotreated light 

N/A Oil Soluble Solvent 

 

 
*denotes that this chemical is not a component of Corexit 9500A 
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Table 2. Characteristics of EPA’s standard crude oils for efficacy testing. (From: U.S. 
Environmental Protection Agency 2003) 
 

 
1 At 150-Celsius 

2 Not Calculable when viscosity at 1000 Celsius is less than 2.0  
API (American Petroleum Institute) Gravity – An inverse measure of the relative density 
of petroleum liquid and the density of water. Greater API gravity corresponds to lower 
density. API gravity has no units mathematically, but is referred to in degrees.  
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Figure 1. A diagram of oil fate processes (From: NRC 2005) 
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Figure 2. A weathered oil slick (From: Progressive Management 2011a) 
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Figure 3. A tar ball (From: Progressive Management 2011b) 
 

 

59 



 

Figure 4. A diagram of the subsurface transport processes for oil released in deep-water 
(From: NRC 2003) 
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Figures 5. Simplified diagram of dispersants acting on an oil slick and breaking it into 
droplets which can spread throughout the water column. (From: NRC 2005) 
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Figure 6. A detailed diagram of surfactant molecules interacting with oil. Surfactant A is 
sorbitan monooleate (a.k.a., Span 80; HLB ≈ 4.3); surfactant B is ethoxylated sorbitan 
monooleate (a.k.a., Tween 80; HLB ≈ 15). (From: NRC 2005) 
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Figure 7. The chemical structure of select Corexit components.  

Tween 80: Sorbitan, mono-(9Z)-9-octandecenoate, poly(oxy-1,2-ethanediyl): 

 

Tween 85: Sorbitan, mono-(9Z)-9-octadecenpate, poly(oxy-1,2-ethanediyl): 

 

Span 80: Sorbitan, mono-(9Z)-9-octandecenoate: 

 

Dioctyl Sodium Sulfosuccinate (DOSS): 

 

2-Propanol, 1-(2-butoxy-1-methylethoxy)-: 
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Propylene Glycol: 1,2-Propanediol: 

 

Ethanol, 2-Butoxy-*: 

 

* denotes component of Corexit EX9527A only 
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Figure 8. Flask for dispersant efficacy testing. Oil and dispersant are mixed for a set 
period of time and then allowed to settle for a set period of time. Afterwards water is 
collected from the side spout and analyzed for oil content. (From: NRC 2005) 
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CHAPTER 3  
 

THE POTENTIAL BIOLOGICAL AND ENVIRONMENTAL EFFECTS OF OIL DISPERSANT USE  
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Introduction 

 
 Dispersants redistribute oil in potentially useful ways, i.e., preventing oil from 

stranding on shorelines, dispersing slicks on the surface into the water column protecting 

surface dwellers, and breaking oil into smaller droplets potentially accelerating the rate of 

microbial oxidation (NRC 1989, 2003). Organisms living in the water column may be 

affected by higher concentrations of oil and dispersant and the dispersants may change 

the bio-availability of the oil. Additionally, dispersants may impact certain communities 

more than others, some of which little is known, and the relationship between dispersants 

and the risk of oxygen depletion has not sufficiently been studied (Joy and MacDonald 

2010; NRC 2003). Overall, environmental effects of dispersants are characterized by 

uncertainty. It is important to understand the biological and environmental effects caused 

by the use of oil dispersants in response to marine oil spills. To investigate this topic, I 

review aspects of dispersant toxicity, the affects on biodegradation, the impacts on 

communities that are comparable from shallow to deep water, the differences of the deep 

water environment, and the early data from the DWH spill.  

 

Toxicity: The Effects of Dispersants on Biological Systems 

 The most direct way of assessing the impact of oil and oil dispersants on 

biological systems is measuring the toxicity of the substance(s) of concern on a single 

organism. In a general sense, toxicity is the measure of harm a substance imparts on a 

biological system (Klassen 2001). In the case of an oil spill the toxicant, the substance of 

concern, can be any phase or fraction of the hydrocarbon, dispersant or combination that 

comes in contact with an organism (NRC 1989, 2005). Marine organisms can be exposed 
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to oil through ingestion, filtration, inhalation, absorption, and fouling from contact 

(National Commission on the BP Deepwater Horizon Oil Spill and Offshore Drilling 

2011). The impacts of oil and dispersants on biological systems are highly complex and 

can be affected by a variety of biotic and abiotic factors (NRC 1989, 2005). Toxicity 

assessments for oil and oil dispersants can be conducted in the laboratory or in the field 

and each method has benefits and drawbacks.  

 Toxicity is easiest to measure in the laboratory because researchers are able to 

control for complex variables and then discern the specific affects of a toxicant (Klaassen 

2001). Laboratory testing cannot account for all factors that may affect the toxicity in the 

natural environment. Therefore, laboratory tests are primarily useful as reference points. 

The toxicity testing of a substance attempts to quantify lethal and sub-lethal levels of 

effects and the minimum exposure that results in mortality. Duration of exposure is 

important in the toxic effects of a chemical because high levels over a short time may 

cause death and low levels of exposure over a longer period of time may also cause 

death.  This is the premise for tests that are separated into trials to measure acute effects 

(short term usually 24-96 hours) or chronic effects (longer term, often weeks) (NRC 

2005).  

 The most common toxicity tests conducted for oil dispersants are acute lethal 

toxicity tests, which contain a fixed quantifiable endpoint and can be assessed over a 

short period of time to obtain a reliable estimate of the maximum allowable exposure 

(U.S. Environmental Protection Agency 2002; Klemm 2004; NRC 2005). The results of 

acute toxicity tests are expressed in terms of an LC50, or concentration that is lethal to 50 

percent of the test organisms over a given period of time (Klaassen 2001). The LC50 
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concentration is statistically determined from test data using one of two dose-response 

paradigms. A standard dose response model curve assumes that there is a threshold 

toxicant concentration below which there is no response. The level at which there is no 

observable response is referred to as the ‘no observable adverse effect level’ (NOEL). A 

no-threshold model assumes that there is always a response to a toxicant; it is just not 

measurable below a certain level. The EPA standard testing procedures have begun to use 

the no-threshold model because it can express a higher degree of sensitivity (U.S. 

Environmental Protection Agency 2003).  

 To register a dispersant product so that it may be used in response to an oil spill, 

EPA requires that manufacturers submit standardized acute lethal toxicity data on two 

species along with efficacy data for their product (U.S. Environmental Protection Agency 

2003). The required tests are a 48 hour LC50 for the mysid shrimp (Mysidopsis bahia) and 

96 hour LC50 for the inland silverside (Menidia beryllina). The tests are conducted on 

larval stage organisms, as this stage is typically the most sensitive to toxicants. Two 

methods exist for conducting LC50 tests on marine organisms, a static non-renewal test 

and a flow-through test.  (U.S. Environmental Protection Agency 2002; Klemm 2004; 

Aurand and Coelho 2005). For a static-exposure test, organisms are housed in the same 

water without circulation or replacement for the duration of the test and the toxicant is 

added only once, at the beginning. Static tests are typically not preferred because the 

concentration of the chemical may decline from chemical degradation, biodegradation, 

evaporation, and adsorption to the tank walls. In addition, waste can accumulate over 

time confounding the toxic effects. The preferred toxicity testing method is a flow-

through test, in which a constant known quantity of toxicant is added to the system along 
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with fresh water. An equal amount of water is then removed, ensuring that the toxicant 

concentration is constant and there is waste filtration. The flow-through test is the 

standard but is more costly to conduct.  

 Historically, there have been many concerns about dispersants because early ones 

were much higher in toxicity relative to modern formulations. They were derived from 

industrial strength degreasing agents (NRC 1989) and contained high quantities of toxic 

aromatic hydrocarbons (Nelson-Smith 72). Surfactants in early formulations were also 

more toxic than those found in modern dispersants (Abel 74, NRC 89). Factors affecting 

surfactant toxicity are complex but are known to vary based on the hydrophilic-lipophilic 

balance (HLB) and the ionic state of the surfactant. Ionic surfactants are more toxic than 

nonionic ones and early dispersants contained high concentrations of nonionic surfactant 

that enhanced their toxicity.  

 A second concern about dispersant toxicity is that early testing overestimated the 

toxicity of chemically dispersed oil (NRC 1989). These LC50 tests evaluated the relative 

toxicity of oil versus chemically dispersed oil and based toxicity on the nominal 

concentration of oil in the system, which is a major flaw. Nominal concentration is the 

weight of oil per unit volume of water in the experimental system. Because oil and water 

are non-miscible, the organisms in the tests are really subject to the concentration of oil 

dissolved or dispersed in the water column. The fraction of the oil dissolved and 

dispersed in the water column increases with the application of chemical dispersants. 

This is logical as it is the function of the dispersants. Thus, the organisms in this test are 

effectively exposed to higher concentrations of oil.  More recent toxicity testing based on 

the concentration of oil in the water column has shown that the enhanced toxicity of the 
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chemically dispersed oil can primarily be attributed to the relative level of hydrocarbons 

dissolved in the water column (NRC 1989, 2005).  

 Despite limitations of extrapolating laboratory results to environmental effects, 

EPA requires manufacturers of dispersants to submit results from several standardized 

laboratory LC50 tests to secure product approval (U.S. Environmental Protection Agency 

2003). Once a product is approved, it is added to the EPA product schedule on the NCP, 

which details proper use. The EPA NCP product schedule contained 14 dispersant 

products at the time of the Macondo well blowout (Appendix A) (U.S. Environmental 

Protection Agency 2010b). One parameter of the EPA product schedule is an LC50 test of 

a 1:10 ratio of dispersant and No. 2 fuel oil, a heavy refined product. The most widely 

used Corexit dispersant product, EC9500A, when mixed with No. 2 fuel oil has a LC50 

value for inland silversides of 2.61 parts per million (ppm) and a LC50 of 3.40 ppm for 

mysid shrimp (U.S. Environmental Protection Agency 2010b). The second Corexit 

product, EC9527A, was used in this oil spill to lesser degree and limited only to surface 

applications. When EC9527A is mixed with No. 2 fuel oil, it has a LC50 value of 4.49 

ppm for inland silversides and 6.60 for mysid shrimp. Compared to other dispersant 

products listed, the Corexit products appear relatively toxic. The dispersant, Nokomis 3-

F4 (Mar-Len Supply, Inc), combined with No. 2 fuel oil has a LC50 of 100 ppm for inland 

silverside and 58.40 ppm for mysid shrimp (U.S. Environmental Protection Agency 

2010b). The most toxic products listed are Corexit EC9500A on the inland silverside and 

Zi-400 (Z.I. Chemicals) on the mysid shrimp (U.S. Environmental Protection agency 

2010b). Though testing showed EC9527A to be the least toxic of the Corexit products, 

EC9500A may have been preferably used because it does not contain 2-butoxyethanol as 
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does EC9527A (Nalco 2005, 2008). The compound 2-Butoxyethanol is a known to be a 

mammalian carcinogen and a strong irritant, which may pose a risk to response workers. 

 In December of 2010, EPA released an updated guide to its NCP product schedule 

(U.S. Environmental Protection Agency 2010a). This guide contained more detailed 

information than that on the original product summary, calling into question the 

reliability of the data presented above. Because each manufacturer conducted their own 

toxicity tests, each was required to submit an LC50 for both species exposed to dispersant 

only, No.2 fuel oil only, a 1:10 mixture of dispersant to No. 2 fuel oil, and a reference 

toxicant dioctyl sodium sulfosuccinate [DSS or DOSS, a common anionic surfactant]. 

The results presented in this report highlight inconsistencies between different tests that 

confound the direct extrapolation of information from the aforementioned tests (Table 1) 

(U.S. Environmental Protection 2010a). Nokomis 3-F4 mixed with No. 2 fuel oil has an 

LC50 of 100 ppm for inland silverside, which was far less toxic than Corexit EC9500A 

with a LC50 of 2.61 ppm. However, the inland silverside LC50 values for No.2 fuel oil were 

only 100 ppm for Nokomis and 10.72 ppm for both Corexit products. This difference 

highlights inconsistencies in the methodology for these tests, which limits the inferences 

that can be drawn from these results. Similar inconsistencies were present for the 

reference toxicant.  

 Another difficulty in analyzing the data from the NCP is that there are not clear 

patterns between the toxicity of dispersant and the toxicity of the combined dispersant 

and oil (U.S. Environmental Protection Agency 2010a). While Corexit EC9527 and No.2 

oil mixture was less toxic to both test species than the combination Corexit EC9500A and 

No. 2 fuel oil, EC9500A by itself was less toxic to both species. This difference may be 
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accounted for by inaccuracies in mixing, resulting in different effective concentrations of 

the test substance within the water column, which has been a problem in past tests (NRC 

2005). In addition, Nokomis 3-F4 showed a similar level of toxicity as Corexit EC9500A 

in the dispersant only test, but Nokomis 3-F4 significantly decreased toxicity for the 

dispersant and oil test. Nokomis 3-F4 had an LC50 of 29.80 ppm for the inland silverside 

alone and an LC50 of 100 ppm for dispersant and oil. Corexit EC9500 had an LC50 of 

25.20 ppm for inland silverside and an LC50 of 2.61 when combined with No.2 fuel oil. 

The toxicity of combined oil and dispersant is generally believed to be additive or 

synergistic, as is the case with the Corexit test (NRC 2005). The Nokomis 3-F4 data, 

which is consistent in pattern across test species, shows what must be a flaw, inaccuracy 

or inconsistency in the testing procedure for these dispersants. During the response to the 

DWH incident, BP and the US Government were subject to intense criticism for the use 

of dispersants, which were widely believed to enhance the toxicity of the spill (Johnson 

and Torrice 2010). In response, EPA conducted its own independent toxicity tests of oil 

dispersants and released two phases of testing in the summer of 2010. In the first phase of 

testing, LC50 tests were conducted on the two reference species using dispersant only 

(Hemmer et al. 2011). Results across the eight dispersants tested were relatively 

consistent with the values listed on the NCP (Table 2) (Hemmer et al 2011, Judson et al 

2011; U.S. Environmental Protection Agency 2010a). A notable exception was Corexit 

EC9500A, which was less toxic to both test species than shown in independent testing 

and considered almost non-toxic to inland silverside, as it had an LC50 value of 130ppm, 

much lower than the original 25.2ppm value. A second round of testing considered 

cytotoxicity and the potential of these eight dispersants to act as endocrine disrupting 
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compounds (Judson et al. 2010). The test concluded that none of these eight dispersants 

tested showed any significant endocrine disrupting activity, including Corexit EC9500A. 

Endocrine disrupting compounds interfere with cellular communication, including 

hormones and can cause various sub-acute effects that may eventually lead to death 

(Klaassen 2001). The test also showed low potential for cytotoxicty, which is the toxicity 

of these chemicals to individual cells.  

 An independent 2004 study considered the toxicity of Corexit EC500A and oil on 

several species, including the standard EPA test organisms, M. beryllena and M. bahia 

(Fuller et al. 2004). The LC50 results for dispersant alone and dispersant and oil together 

for the inland silverside and mysid shrimp were similar to those on the NCP and the 

independent EPA testing. The researchers also ran tests of decreasing concentration to 

simulate dilution and degradation in the natural environment. The LC50 values obtained 

from these tests were far higher (less toxic) than those obtained from the standard 

constant concentration test. For this test, researchers took care to analyze the total 

petroleum hydrocarbon concentrations that organisms were exposed to, removing the bias 

of early tests, which considered only the nominal concentration. They concluded that 

dispersant and oil is equal to or less toxic than oil alone and that dispersant contribution 

to toxicity under the parameters of these tests was minimal (Fuller et al. 2003). The 

results of this test are similar to EPA results, though this study found dispersants were 

generally slightly less toxic than the EPA test. It is worth noting that this study was 

funded in part by the American Petroleum Institute, the industries main lobbyist. That 

said, the comparable EPA product schedule tests were also conducted by industry 

researchers.  
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 Conclusions that are able to be drawn from this laboratory testing are limited 

because the tests do not account for variations and complexities that exist in the natural 

environment and there were inconsistencies in the NCP product schedule. However, 

recent toxicity testing indicated that newer dispersants are significantly less toxic than 

earlier formulations because of the removal of the aromatic constituents and toxic 

surfactants (NRC 1989). The  dispersant by itself is generally less toxic than the oil 

(Fuller et al. 2004; U.S. Environmental Protection Agency 2010b). Though the toxicity of 

dispersant and oil appears to additive in many tests, the oil is the main contributing factor 

to this toxicity and enhanced toxicity may be from the increased solubility of chemically 

dispersed oil (NRC 2005; U.S. Environmental Protection Agency 2010a). Interestingly, 

each dispersant product was also tested for heavy metal concentration, as this was an 

environmental concern following the DWH blowout (Gertz 2010; U.S. Environmental 

Protection Agency 2010a).  For Corexit EC9500A, all heavy metals were at very low 

concentrations (less than 1ppm).  

 Our understanding of both acute and chronic toxicity will benefit from additional 

field and laboratory studies (NRC 2005). Despite advances, laboratory studies can only 

give so much information about the behavior and toxicity of oil and dispersants in the 

environment. Factors that may affect the toxicity of chemically dispersed oil in the 

environment include efficacy of dispersion, type of dispersant and oil, weathering 

processes including emulsification and evaporation, temperature, salinity, photo-

enhanced toxicity, sedimentation, duration, and concentration of exposure (NRC 2005). 

Laboratory tests cannot account for the relative importance of exposure routes and short-

term tests often fail to account for metabolism and bio-accumulation.  
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 As evidenced by the standardized toxicity tests presented above, mixtures of oil 

and modern dispersants owe their toxicity more to the oil than the dispersant itself (U.S. 

Environmental Protection Agency 2010a, NRC 1989). Dispersants act to change the 

concentrations of oil at the water surface by dissolving and dispersing oil into the water 

column. In theory and in laboratory testing, enhancing concentrations of oil in the water 

column will increase the acute toxicity to subsurface organisms by increasing their 

exposure (NRC 1989). Whether or not this effect will happen in the ocean is questioned 

(NRC, 1989). In the open ocean, chemically dispersed oil will be greatly diluted by the 

volume of water present. This limits the acute biological effects because the 

concentration and duration of exposure will be low compared to those that show acute 

effects in the laboratory. Without the potential to cause acute effects in the open ocean, 

the use of dispersants should decrease the overall damage to ecosystems because 

dispersing oil will limit acute effects to surface dwelling organisms. This fact may not be 

true in sheltered and confined waters with poor circulation (NRC, 1989). Oil that 

accumulates in shallow sheltered bodies of water has the potential to cause acute effects. 

One place that the effects of chemically dispersed oil have been heavily studied is on 

shallow water coral reefs (NRC 2005). Chemically dispersed oil has been shown to 

enhance toxicity to corals when dispersants are applied above a reef however, this 

application limits damage to coastal plants like mangroves.  

 Laboratory tests are typically run under standard conditions (25°C) that do not 

account for the effects of salinity and temperature (U.S. Environmental Protection 

Agency 2002; Klemm et al. 2004). Increased salinity can change the toxicity and efficacy 

of dispersants by salting out surfactants and changing the behavior of oil (NRC 2005). 
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The biological effects of this mechanism are not well understood. In cold waters 

dispersants become less toxic, but in warm waters dispersant toxicity can be enhanced 

(NRC, 2005). Biodiversity and activity levels can be higher in certain warm water areas 

and increased contact with oil leads to higher levels of biological uptake owing to the 

enhanced toxicity. These are important points considering the warm conditions found in 

the Gulf of Mexico during the time of the DWH discharge (National Commission on the 

BP Deepwater Horizon Oil Spill and Offshore Drilling 2011; NRC 1989).   

 Standardized laboratory testing has historically failed to account for photo-

enhanced toxicity, which can contribute significantly to the toxicity of dispersed oil 

(Landrum et al. 1987; Ankley 1994, Boese 1997; Pelletier 1997; NRC 2005). Polycyclic 

aromatic hydrocarbons (PAHs), a toxic component of oil, react with UV light in two 

ways, photo-modification and photosensitization (Figure 1). In photo-modification, free 

radicals are created from the reaction of PAH compounds and UV light, which then 

oxidize into more toxic compounds (NRC 2003, 2005). In photo-sensitization, PAH 

compounds are excited by UV light and transfer energy to dissolved oxygen forming free 

radicals. Free radicals cause cellular damage, but typically require that a large quantity of 

oil be accumulated within tissue to create damaging concentrations of free radicals.  

Typical dispersant toxicity tests do not measure this effect, but can be adapted to simulate 

it (NRC 2003, 2005. Despite the ability to model photo-enhanced toxicity, laboratory 

tests are not the most accurate way to determine effects from varying light intensity and 

penetration in the environment.  

 Laboratory testing can provide insight about the complexities of oil dispersant 

toxicity in natural environments (Aurand and Coelho 2005; NRC 2005). The Ecological 
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Research Forum (2003) suggested that a series of changes be made to the standardized 

LC50 dispersant and dispersed oil testing procedures. At the top of this list was 

determining an accepted methodology for the ongoing problem of quantifying water 

column exposure to oil and dispersed oil (Ecological Research Forum 2003). 

Furthermore, the standard toxicity tests need to be expanded to include investigations of 

photo-enhanced toxicity by exposure to UV light. Finally, tests should account for the 

evaporation of certain critical hydrocarbon constituents of petroleum to more accurately 

model dispersants in the environment.  

 Once an organism has come in contact with chemically dispersed oil, the effects 

incurred can vary by species, life history, physiology, time exposed to oil, and etc (NRC 

1989, 2005). Species vary in susceptibility to dispersant and oil toxicity as demonstrated 

by mysid shrimp and inland silverside species (Environmental Protection Agency 2010a). 

Similar species may show varying degrees of susceptibility to dispersant and oil toxicity, 

i.e., inland silverside and similarly-sized sheepshead minnow (Cyprinodon variegatus) 

(Fuller et al. 2004). Generally, smaller species have a greater risk from dispersant and oil 

toxicity and this susceptibility raises concerns (NRC 1989, 2005). Another concern is the 

effect oil and dispersants may have in deep ocean and its inhabitants. Deepwater oil 

discharges may have large impacts on the highly specialized deep-water communities 

(NRC 2003). Species that use bioluminescence for communication or food attainment 

may be affected by deep-water plumes of oil and dispersant (National Commission on the 

BP Deepwater Horizon Oil Spill and Offshore Drilling 2011; NRC 2003). Larval and 

embryonic stages of organisms are usually more sensitive to toxicants (U.S. 

Environmental Protection Agency 2003 ;NRC 2005). Individual physiology may be 
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affected by oil toxicity, as feeding and activity may expose an organism to higher levels 

of toxicant.  

 Organisms can come in contact with chemically dispersed oil in various forms, 

dissolved materials, either gases or water soluble hydrocarbons, dispersed oil droplets, 

hydrocarbon solids, or a combination of these via several routes of exposure (NRC 2005), 

i.e., dermal contact, ingestion, respiration and filtration (National Oceanic and 

Atmospheric Administration 2010). The relative importance of the state of the chemically 

dispersed oil and route of exposure are not well understood (NRC 2005). Organism 

response is complex being dependent on level of contact, uptake and internal storage, the 

toxic action of the substance, detoxification, and depuration processes. Generalized 

biological uptake of dissolved phase exposures to chemically dispersed oil is 

characterized by interruption of receptor-mediated pathways leading to narcosis (NRC 

2005). This narcotic effect can be traced to both the components of dispersants and oil, 

particularly PAHs (Di toro 2000). Narcosis can be a predictor of mortality from acute 

toxicity (NRC 2005). (Barron et al. 2004). Toxic effect can be observed when early life 

stages are exposed and can result in deformities and cardiovascular dysfunction (Barron 

et al.2004). Edema, abnormalities in circulation leading to swelling, may also occur from 

exposure to dissolved fractions. Contact with chemically dispersed oil droplets and 

dispersant components may disrupt membrane integrity, smother organisms or gills, and 

can cause internal damage through ingestion (NRC 1989, 2005). Crustacean gills are 

hydrophobic, which attract and lead to damage from surfactant and hydrocarbon exposure 

(Granmo and Kolberg 76; NRC 1898, 2005). Fish gills are mucous coated and are less 

hydrophobic. Surfactant packing at the surface may lead to asphyxiation in fishes and 
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lead to changes in gill membrane permeability. The hydrophilic-lipophilic balance of 

dispersants can affect these and other biological interactions depending on the 

hydrophilic and lipophilic nature of biological membranes (NRC 2005).  

 

Bioavailability and Bioaccumulation 

 The bioavailability of a substance is a measure of how readily a biological system 

accumulates and metabolizes it and increased bioavailability can lead to enhanced 

toxicity because of higher exposure (NRC 2003, 2005). Toxicity of hydrocarbons is 

related to their solubility in water because these dissolved components can diffuse across 

exposed membranes such as gills. Dispersants may enhance the bioavailability of oil by 

enhancing interactions at biological membranes (Wolfe et al. 1998; Wolfe 1998b,c; 

Wolfe et al. 2000, 2001; NRC 2005). Dispersants may also affect membrane permeability 

through interactions with proteins and ion channels. Differences in the bioavailability of 

chemically dispersed oil and physically dispersed oil are unknown, but may differ in the 

total amount of oil dispersed in the water column. Regardless of the relative effects of 

dispersed oil, enhanced uptake through membranes should make chemically dispersed oil 

more toxic. Studies have shown that dispersants enhanced the initial uptake of oil 

components by microalgae (NRC 2005).  

 Bioaccumulation is the tendency for a material to build up over time in the tissues 

of an organism (National Commission on the BP Deepwater Horizon Oil Spill and 

Offshore Drilling 2011). Bioaccumulation depends on the concentration of a substance in 

water and food and the duration and concentration of exposures. Fatty tissues like the 

brain, liver, kidneys and ovaries bioaccumulate more than other tissues. Higher molecular 

80 



 

weight components of oil are the most persistent in organisms (NRC 2003). Chemically 

dispersed oil may enhance bioaccumulation through greater uptake but do not directly 

result in higher levels of accumulation or persistence (Wolf et al. 1998; Wolfe 1998bc; 

Wolfe et al. 2000, 2001; NRC 2005).  

 

Biodegradation  

 Biodegradation of petroleum is the process in which microbes consume oil, 

breaking down hydrocarbons into common, non-toxic molecules that can be incorporated 

in to the environment (Figure 2) (NRC 1989, 2005). Theoretically, oil dispersants should 

increase the rate of biodegradation by breaking the oil into droplets and spreading the oil 

over a larger volume, effectively increasing the surface area and exposure of 

hydrocarbons to bacteria capable of consuming oil (NRC 1989). Despite intensive 

testing, laboratory and field studies have not confirmed this hypothesis (NRC, 2005). In 

testing all possible outcomes have been reached, with some studies showing enhanced 

degradation, others no effect and still others inhibition (Lindstrom and Braddock 2002; 

Literathy et al. 1989; Mulkins-Phillips and Stewart 1974). These effects do not appear to 

be systematically affected by the dispersant and surfactant, the oil substrate, or the 

microbial communities present. Reasons for this confusion may be based on testing 

methodologies and variation in the effects of different surfactants.  

 Researchers have used multiple testing methodologies to measure the rate of 

hydrocarbon biodegradation including the monitoring of oxygen uptake, growth of 

microbes and oil composition. Conclusions based on indirect evidence have caused 

confusion about biodegradation (NRC 1989, 2005). Some studies have monitored oxygen 
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uptake and cited an increase in uptake as indirect evidence of biodegradation (NRC 2005; 

Hazen 2010). Many bacteria strains capable of decomposing petroleum hydrocarbons are 

aerobic and require oxygen in the reactions that degrade the oil. The flaws in this 

methodology are that:   i) it does not account for abiotic reactions, which break down 

hydrocarbons and utilize oxygen, and ii) the failure to include the effects of 

chemosynthetic bacteria that do not require oxygen in consuming petroleum. Measuring 

the growth of microbial communities is another indirect indicator that has been used tp 

measure the decomposition of chemically dispersed oil (NRC 2005). This method may 

overestimate the rate of oil biodegradation if microbes use the dispersants as a preferred 

carbon source or if the oil and dispersants are toxic to bacteriavores on a short timescale 

(NRC, 2005). Measuring microbial growth may also underestimate biodegradation of 

chemically dispersed oil if microbes are limited by nutrients other than oil. A final and 

more direct measure of biodegradation is monitoring oil composition with ion trap mass 

spectrometry or gas chromatograph mass spectrometry (NRC, 2005). This too is limited 

though, by the unknown mechanism of oil degradation, which may be physical, chemical, 

or biological. A solution for future study may be to use multiple indicators to extrapolate 

information.  

 Dispersants and the surfactants contained therein have been shown to have 

varying effects on the rate of biodegradation when other test parameters are held constant 

(Foght et al. 1987). Ionic surfactants have been shown to inhibit biodegradation more 

than nonionic surfactants (Bruheim et al. 1999). Other studies have shown that the 

surfactant hydrophilic-lipophilic balance (HLB) affects the rate of biodegradation (Van 

Hamme and Ward 1999; Varadaraj 1995). Van Hamme and Ward (1999) concluded that 
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an HLB between 12 and 14 enhanced biodegradation, whereas, Varadaraj et al. (1995) 

concluded that an HLB of 8 was optimal. Surfactants have varying effects because they 

may enhance or inhibit interactions at the cell surface, which affect the permeability of 

the biological membrane (Bruheim et al.1999; NRC 2005).  

 Surfactant interactions with the cellular surface may affect microbial uptake by 

three mechanisms: transport of aqueous phase substrate, direct contact with non-aqueous 

phase liquids or solids, and uptake of hydrocarbons present in surfactant micelles (Singer 

and Finnerty 1984; Watkinson and Morgan 1990; NRC 2005). The uptake of aqueous 

dissolved hydrocarbons should not markedly be affected by surfactants because these 

components of oil are the most water soluble and will have less interaction with 

dispersants. The direct attachment of bacteria to non-aqueous oil substrate may be highly 

affected by surfactants because both the bacteria and surfactants act at the surface of the 

oil (Watkinson and Morgan 1990). Bacteria that consume non-aqueous phase substrate 

are typically hydrophobic and the presence of hydrophilic surfactants at the interface 

between oil and water may limit interactions. The final mechanism, the uptake of 

micelles is considered unimportant because its occurrence is unlikely (Schippers 2000; 

Garcia 2001). While bacteria might uptake surfactant micelles containing oil, actual 

surfactant concentrations are likely to be well below the critical micelle count making 

their formation unlikely. The overall effects of surfactants on biodegradation are complex 

because they consist of an interplay between various modes of uptake. The effects of 

surfactant HLB are most likely to change the interactions of bacteria with non-aqueous 

phase hydrocarbons. Long-term effects will also vary because oil may become detached 

from the surfactant over time (NRC 2005).  
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Biological Effects of Using Dispersants in the Deep Sea 

 The DWH was the first ultra-deep blowout and the first instance of subsea 

dispersant application (National Commission on the BP Deepwater Horizon Oil Spill and 

Offshore Drilling 2011). Scientific knowledge of the deep sea, where drilling is now a 

common occurrence, is limited. The potential for discharges of such great magnitude and 

the application of large quantities of dispersant in this environment, as in the case of the 

DWH, necessitates the study of these communities to analyze the potential harm and 

risks. Deep-water petroleum release and dispersant application is likely to affect deep-

water biological communities differently than communities at the surface. The first 

reason for the difference is that deep-water communities have adapted to different 

conditions that surface communities. Second, oil and dispersant released at depth 

potentially behave differently due to the unique parameters of this environment. There is 

limited information in the literature about the effects of large quantities of petroleum on 

deep-water biological communities and little research has been done on  the effects of 

dispersants and oil/dispersant mixtures on deep-sea organisms .  

 This section of the paper will attempt to characterize the unique biological risks 

posed by chemically dispersed oil in the deep sea. Analogous shallow water organisms, 

unique deep-water organisms, and the early data from the DWH will be considered. 

Assessing probable impacts to deep-sea communities of flora and fauna is difficult due to 

the relative lack of knowledge about these organisms. It is problematic to predict or study 

impacts without basic knowledge of community ecology (such as rates and mechanisms 

for population control), biological interactions, predation, recruitment and rate and 

potential for recovery (NRC 2003). Furthermore, little knowledge exists about the 
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feeding type, reproduction, life span, growth rate, and sensitivity to contaminants for 

many deep sea organisms. Lack of knowledge is primarily due to the difficulty of 

studying organisms in such extreme environments. Deep-sea communities face a range of 

physical and environmental differences, i.e., pressure and light, from shallow water 

communities. Despite inherent differences, general predictions can be made about the 

effects of oil and dispersants on some deep-sea communities based on information drawn 

from analogous continental shelf organisms, such as plankton, microbes, and the benthos.  

 

Plankton  

 Plankton communities consist of any freely drifting plants, animals, and microbes 

inhabiting the open ocean. The effects of oil and dispersants on plankton communities are 

important because plankton make up the basis of the food chain. In addition, many 

diverse species, including commercially important fish species, have planktonic larval 

stages (NRC 1989; Bond 1996). Unfortunately, studies on the effects of oil and 

dispersant on these communities are nonexistent. A survey of studies by the National 

Research Council (1989) found that dispersed oil is more toxic than oil alone to 

phytoplankton in four out of 11 studies. Studies comparing the toxicity of oil for 

zooplankton are largely inconclusive. Rogerson and Berger (1981) suggested that 

zooplankton communities grew better in dispersed oil than oil alone.  Studies that focused 

on commercially important ichtyoplankton have largely been based on nominal 

concentrations and concluded that chemically dispersed oil is more toxic than oil alone 

(Linden 1975; NRC 1989). A more recent review of studies suggested that when toxicity 

was based on total petroleum hydrocarbon content rather than nominal concentration, 
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chemically and physically dispersed oil were of comparable toxicity (NRC 2005). The 

major concern for plankton communities when using dispersants is that these organisms 

will be exposed to more dispersed oil in the water column, enhancing toxicity.  

 The ability of oil to be passed up the food chain is a second concern when 

considering the effects of oil on plankton. Dispersant surfactants break oil into droplets, 

which overlap in size with the preferred size range of food consumed by many species of 

zooplankton (NRC 2005). Oil consumed by plankton may be transferred up the food 

chain when larger organisms consume the plankton. Wolf et al. (1998) demonstrated the 

ability of a planktavore to accumulate hydrocarbons from the consumption of plankton, 

e.g., 20 to 45 percent of oil found in the rotifers was from consumption of plankton. Oil 

that was originally consumed by plankton move up the food chain to fish and beyond.  

 

Microbes 

 Though some microbes are capable of consuming petroleum hydrocarbons, 

dispersants and oil can be toxic to others (NRC 1989, 2005). The microbial communities 

present in continental shelf waters, the deep-sea, and different geographic regions vary, 

but the effects of oil and dispersants are largely analogous (NRC 2003, 2005). The 

majority of studies investigating the relationships of oil, dispersants and microbes are 

focused on biodegradation and shed little light on overall effects, including toxicity 

(Watkinson and Morgan 1990; Bruheim et al. 1999; NRC 2005; Hazen et al. 2010). 

Furthermore, very few of these studies focus on natural marine populations. 

Biodegradation studies often rely on rate of hydrocarbon uptake or total bacterial 

community growth for results. Growth in a particular strain of bacteria will mask the 
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toxic effects of oil and dispersant mixtures to other members of the community (Linden 

1987, NRC 2005). Dispersants may also alter the ability of bacteria to uptake 

hydrocarbons and can result in increased growth of some strains and toxicity for others 

(Zhang 1994). Ultimately, input of chemically dispersed oil is likely to decrease localized 

diversity of microbes (Zhang 1994; Hazen et al. 2010). Growth of hydrocarbon 

consuming microbes may also lead to oxygen depletion in certain environments.  

 

Benthos 

 The benthos of the ocean consists of communities developed to feed on detritus 

deposited from the water column (NRC 2003). These communities are generally 

negatively affected by the input of oil, as it is toxic to many members of the benthic 

community and heavy fractions of petroleum may sink and smother these communities. 

Oil adheres to suspended sediments and the detritus they consume, which eventually 

settles out of the water column. Dispersants are most likely to affect this community by 

altering oil distribution and the interactions between oil and suspended particulate matter 

(NRC 2005). In shallow water, chemically dispersed oil is more likely to come in contact 

with benthic communities by removal from the surface. In the deep ocean, dispersants 

may actually decrease the rate of sedimentation by decreasing oil interaction with 

suspended particulate matter. Certain benthic residents, i.e. polychaete worms, are 

tolerant of oil and are the first organisms to colonize oil contaminated benthos (NRC, 

2005). These are benthic communities that colonize soft substrates and those found in 

hard substrates (Little 2000; Nybakken and Bertness 2005). Hard bottom communities 

are typically genetically and ecologically diverse (Nyabakken and Bertness 2005). These 
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communities are afforded protection from drilling in the Gulf of Mexico but can be 

impacted by large-scale oil discharges as can soft bottom communities (NRC 2003).  

 

Unique Communities and Characteristics  

 Certain characteristics of deep-sea communities may make them more susceptible 

to oil releases, for instance minimal exposure to pollution (NRC 2003). Diversity in deep-

sea communities is augmented by the presence of microhabitats. These communities 

include those surrounding chemical seeps and those that inhabit localized hard substrate. 

These habitats differ in light, temperature, pressure, oxygen availability, food availability, 

and production of nutrients. Even small-scale discharges may have large impacts on the 

overall diversity of an area by affecting one or more of these habitats. A rare advantage 

of deep-sea communities is that the cold temperatures of deep water may lower the 

toxicity of chemically dispersed oil (NRC 1989). One distinctive feature of the deep-sea 

is that it is a low to no light environment. Deep-sea plumes of oil,  as seen after the 

DWH, will increase the turbidity of the deep sea, possibly impacting the organisms in 

unforeseen ways (NRC 2003; National Commission on the BP Deepwater Horizon Oil 

Spill and Offshore Drilling 2011; Kujawinski et al. 2011).  

 The deep ocean is characterized by large slow moving currents that interact in a 

limited manner with the faster moving streams of water in the upper water column (NRC 

2003; Joye and MacDonald 2010; Joye et al. 2011). This low level of mixing in the deep 

ocean results in slow oxygen exchange. Chemical changes in the deep sea may affect the 

water chemistry. Of particular concern with oil, is that chemical and more importantly, 

biological degradation of hydrocarbons, utilizes oxygen directly in reactions (NRC 2003). 
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These reactions lower oxygen levels locally and result in hypoxia and anoxia (Joye et al. 

2011). This is of particular concern in the deep ocean environment where oxygen levels 

are already low and are minimally at most replaced by mixing (NRC 2003). Additionally, 

dissolved oxygen in the deep ocean is not replaced by in situ photosynthesis (Joye and 

Macdonald 2010). Thus, depletion of deep-sea oxygen may be prolonged and detrimental 

to the communities. 

 The organisms that inhabit the water and benthos immediately surrounding deep-

water chemical seeps comprise distinct deep-water communities (NRC 2003). These 

microhabitats, known as chemosynthetic seep communities are common in the Gulf of 

Mexico between 300 and 1000m deep (NRC 2003; Joye and MacDonald 2010). These 

organisms depend on extremes in their environments to survive, but are very sensitive to 

changes in the chemistry of their environment. Chemical seeps, including petroleum 

seeps, are often characterized by low local diversity due to lack of competition (Davis 

and Spies 1980). Petroleum seeps are characterized by mats of chemosynthetic bacteria 

of the genus Beggiatoa. These bacteria synthesize carbohydrates from carbon dioxide 

using inorganic sources of energy, such as sulfide oxidation through hydrogen sulfide. 

Many organisms present in deep-sea communities are long lived, this combined with low 

levels of diversity may make recovery from damage slow or non-existent. The advantage 

chemosynthetic communities have is a tolerance of low oxygen concentrations, but the 

sheer volume of pollution and chemical flux brought about by a well blowout can harm 

even the communities of natural petroleum seeps (Joye and Macdonald 2010). 

 The negative environmental effects of subsea dispersant are likely to be driven 

primarily by changes in oil behavior rather than dispersant toxicity (Johnson and Torrice 
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2010). Dispersants may enhance the exposure of plankton communities to oil and 

subsequently affect the other levels of the food chain (NRC 1989). Chemically dispersed 

oil will likely impact some microbial communities decreasing diversity and others may 

thrive (NRC 2005). Dispersant application to oil will vary in its effects to benthic 

communities, though deep-water communities may benefit from lower sedimentation. 

Highly adapted deep-water communities are likely to be negatively impacted from 

changes to the chemical and physical environment, toxicity, and oxygen depletion. 

Despite the potential negative impacts to deep-sea communities, another consideration of 

chemically dispersing oil in the deep ocean, is that oil sequestered in the deep-sea is 

subject to less transport than oil closer to the surface (Maltrud et al. 2010). Oil 

sequestered in the deep-sea will impact fewer communities than oil subject to surface 

transport, but the impacts may be proportionately greater due to dilution. The ultimate 

effects and tradeoffs of chemically dispersing oil in the deep ocean remain to be 

determined.  

 

Deepwater Horizon 

 The Macondo well blowout is the only ultra-deep sea blowout and therefore, the 

first occurrence to investigate the environmental and biological effects from a deep sea 

oil discharge and subsequently subsea application of chemical dispersants (National 

Commission on the BP Deepwater Horizon Oil Spill and Offshore Drilling 2011). The 

effects should be easy to discern though, as this was the largest accidental marine spill in 

the history of the United States (National Commission on the BP Deepwater Horizon Oil 

Spill and Offshore Drilling 2011; Federal Interagency Solutions Group 2010). The 
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blowout was unprecedented in size, the location of the wellhead, and the duration of the 

spill. Deep-water ecosystems were exposed to oil and dispersants for prolonged periods 

of time, but science cannot accurately predict the consequences. The knowledge of deep-

sea gulf ecosystems is mostly limited to specialized communities, such as those around 

natural seeps and localized hard substrate. Scientific knowledge has not advanced with 

the spread of deep-sea drilling.  

 A significant portion of the oil discharged from the Macondo well was 

sequestered in deep-sea plumes between 1000 and 1400 meters (Camilli 2010; Dierks 

2010; Hazen et al. 2010; Valentine 2010). Hydrocarbon concentration in these plumes 

was high enough to cause acute toxicity and the plumes were shown to contain high 

levels of toxic PAHs. Up to 15 percent of the oil discharged from the well was physically 

dispersed, so plumes would have formed without dispersant application (Federal 

Interagency Solutions Group 2010), though dispersant application likely enhanced the 

plumes. Dispersant surfactants were detectable within the oil plumes, but this does not 

infer that dispersants were the cause behind the creation of the plumes (Kujawinski et al. 

2011). The concentrations of hydrocarbons encountered in the plume were diluted with 

distance from the well, but were persistent for up to 60 days and 300km of transport. Oil 

deposits on the sea floor have also been reported (Burdeau and Borenstein 2010).  

 The effects of the spill in the deep ocean are still generally unknown, but 

scientists have monitored both oxygen depletion and microbial degradation. Prominent 

scientists were initially concerned with the potential of the spill to cause widespread 

oxygen depletion (Joye and MacDonald 2010; Joye et al. 2011). However, monitoring 

suggests that though depleted oxygen levels were found within plumes and low levels 
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occurred around plumes, the decrease in oxygen levels were generally localized to the 

vicinity of the undersea plumes (National Incident Command Joint Analysis Group 

2010). Widespread oxygen depletion may have been prevented by currents that supplied 

sufficient mixing. Still, the concentration of hydrocarbons encountered in deep-sea 

plumes and the presence of dispersants was sufficient to cause toxic effects to exposed 

organisms. Hazen et al. (2010) attempted to analyze the level of biodegradation in the 

deep-sea plumes and while drastic oxygen depletion has not been seen, the plumes 

stimulated the growth of γ-proteobacteria, which are closely related to known 

hydrocarbon degrading bacteria. Their growth suggested faster than expected 

biodegradation at the low temperatures encountered in the deep sea. The density of all 

bacteria was found to be higher within the plume, but lower in taxonomic richness. This 

is consistent with studies that show oil and dispersants stimulate growth of select 

communities while causing toxicity in others (NRC 2005).  

 Generally, the Macondo well discharge may have significant ongoing effects on 

many important gulf species. Fortunately, the majority of the oil discharged was kept 

both away from shorelines by prevailing winds and out of the loop current by a circling 

eddy (Hamacher 2010). The oil still impacted a very rich and diverse environment. Of 

particular concern is that the blowout was located in the middle of the Atlantic bluefin 

tuna spawning ground and may have negatively and drastically affected the larvae of this 

already endangered species (National Commission on the BP Deepwater Horizon Oil 

Spill and Offshore Drilling 2011). The spill may also have long lasting impacts on gulf 

oysters, which were impacted coastally and coincidentally they spawn in the late spring. 

The oil eventually covered 40 percent of the offshore area known to be used by oyster 
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larvae (National Commission on the BP Deepwater Horizon Oil Spill and Offshore 

Drilling 2011).  The effects of this spill are likely to be ongoing for years (Schooner 

2010). The exact effects of the use of dispersants in the deep sea are unknown as of now. 

Ultimately, the verdict on the use of dispersants in subsea application for biological 

benefits is still undetermined (Schooner 2010). 
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Table 1. Toxicity data for select dispersants (From: U.S. Environmental Protection 
Agency 2010a) 
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Table 2. Results of EPA independent toxicity testing of eight oil dispersants. Data for the 
inland silverside (M. Beryllina) compared to NCP information. (From Hemmer et al. 
2010) 
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Figure 1. The two pathways of photo-enhanced toxicity for polycyclic aromatic 
hydrocarbons (From: NRC, 2005) 
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Figure 2. Mechanisms of biological hydrocarbon degradation (From: NRC 2003) 
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CHAPTER 4 
 

 THE POLITICAL FRAMEWORK THAT SURROUNDED THE APPLICATION OF DISPERSANTS 
IN THE DEEPWATER HORIZON OIL SPILL 
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Introduction: The Parties Involved 

 
 The BP oil spill involved a wide array of actors both in terms of primary parties 

involved in the spill response and in terms of secondary parties affected by the spills 

broad reaching impacts (National Commission on the BP Deepwater Horizon Oil Spill 

and Offshore Drilling 2011). BP is the obvious primary responsible party. BP owned the 

rights to the well and was in charge of overseeing drilling by its contractors and its own 

employees. Despite this, BP was not the only responsible industry actor. The DWH 

drilling rig was owned and operated by Transocean Limited, a drilling contractor. 

Contractors from Halliburton Corporation were in charge of drilling cement during 

drilling operations alongside workers from at least two other contracting companies.  

The majority of the employees on the drilling rig were Transocean workers 

(National Commission on the BP Deepwater Horizon Oil Spill and Offshore Drilling, 

2011). These employees worked alongside BP employees on the rig, and took orders 

from BP. Because Transocean was responsible for day-to-day operation on the rig, BP 

tried to pass the blame for the blowout onto them (Steffy 2011). BP claimed that 

Transocean had not followed proper drilling procedures, which resulted in the blowout. 

BP was known to have a corporate culture that did not properly value safety, which draws 

questions to its claims against Transocean. Transocean employees also testified that BP 

had ordered them to forgo typical safety measures to save money and time (Freudenburg 

and Gramling 2011). Ultimately, BP as the leaseholder was responsible for overseeing all 

safety and maintenance procedures in the well-drilling process, lending little credibility to 

their attempt to shift blame (Steffy 2011).  
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BP also tried to shift the blame for the blowout to Halliburton, the other major 

contractor on board the DWH (Steffy 2011). Halliburton was in charge of drilling 

cement. It was ultimately up to Halliburton to seal the well, and it is likely that a failure 

of this cementing resulted in the fatal blowout (National Commission on the BP 

Deepwater Horizon Oil Spill and Offshore Drilling 2011). That said, a string of bad 

decisions from BP may have been responsible for the failure of the cement job. It was a 

BP engineer who ultimately decided to use too few centralizers, devices that hold the 

pipe in the center of the casing ensuring a sound cement job (Steffy 2011). BP laid blame 

on its two major contractors at the Macondo well and this  shifting of blame became 

something of a pattern.  

The manufacturer of the failed blowout preventer, Cameron International 

Corporation, was also named as a responsible party (National Commission on the BP 

Deepwater Horizon Oil Spill and Offshore Drilling, 2011). Whether the design of the 

blowout preventer was flawed or if maintenance prevented it from functioning properly 

remains the subject of uncertainty (National Commission on the BP Deepwater Horizon 

Oil Spill and Offshore Drilling 2011; Steffy 2011). Regardless of why, this final 

protection against blowout failed alongside every other safety measure. As was the case 

with Transocean and Halliburton, Cameron International also found itself in legal action 

following the disaster (Bergin 2011).  

In the aftermath of the blowout, the shifting of blame among industry actors was 

more consistent than any admissions of responsibility. The shifting of blame actually 

resembled the internal operations of BP to some degree. In the two decades leading up to 

the blowout, BP had adopted a policy of shifting managers frequently to avoid one person 
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being labeled as responsible in the event of an accident (Steffy 2011). Similarly, it was 

very unclear just who was responsible for the Macondo blowout. A full year after the 

spill, BP is filing lawsuits against Transocean, Halliburton and Cameron International for 

their roles in the spill (Bergin 2011). This latest action is an attempt by BP to make other 

responsible parties share the cost for the spill rather than a direct attempt to continue 

shifting the blame. Ultimately, regardless of any carelessness on the part of other industry 

actors, BP had the ultimate responsibility as the owner of the lease under the provisions 

of the Oil Pollution Act of 1990. Under this act BP was also responsible for mitigating 

the damage of the spill and was therefore continually involved in the decisions to use 

dispersants in the aftermath of the spill.  

Under the Oil Pollution act of 1990, the United States government was required to 

be involved in and oversee the mitigation of this oil discharge (National Commission on 

the BP Deepwater Horizon Oil Spill and Offshore Drilling, 2011). A variety of 

government agencies became primary actors in the spill as a result. BOEMRE, the 

Department of the Interior agency in charge of offshore drilling was responsible for 

overseeing and approving drilling operations and contingency planning (Steffy 2011). 

Suggestions of corruption within BOEMRE and close ties to industry were cited as 

contributing factors for the spill. Once the blowout occurred, other agencies had to step in 

to assist in the mitigation process.  

The Framework of the Oil Pollution Act of 1990 establishes a hierarchical system 

of response teams (National Research Council (U.S.) Committee on Understanding Oil 

Spill Dispersants: Efficacy and Effects, 2005). At the top of this hierarchy is the National 

Response Team (NRT), which is co-chaired by the USCG and the EPA. This group is 
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tasked with providing the framework for the NCP, which outlines the appropriate 

response to oil spills. Under the NRT, a Regional Response Team (RRT) provides 

regional planning for federal incidents and this team has authority to authorize the use of 

oil dispersants. Under the RRT, area committees provide more site specific planning. The 

decision to use dispersants must also be approved by the federal natural resource trustee 

agencies, the Department of Commerce and the Department of the Interior. The Oil 

Pollution Act (1990) is highly complex and involves many government actors coming 

into play. The NCP contains provisions to shortcut the dispersant approval process, thus 

limiting the interactions of the agencies to expedite decisions.  

 In addition to the primary actors from industry and government, the far-reaching 

effects of the DWH accident brought many secondary actors into play. The American 

Petroleum Institute (API) received scrutiny in the National Commission on the BP 

Deepwater Horizon Oil spill final report (2011). The API develops safety standards and 

procedures for the oil and gas industry in the United States. The Department of the 

Interior has historically adopted these procedures as formal regulations. The API, 

however, is also the primary lobbyist for the oil industry, calling into question its ability 

to generate reliable safety standards regardless of expense.  

 The joint response to the oil spill involved the use of dispersants alongside many 

other oil spill response techniques. The dispersants BP chose to use were manufactured 

by the chemical engineering company, Nalco (Voith 2010). Nalco was not a primary 

actor in the spill response because it supplied BP with its products and their 

recommended use without directly influencing their use in the spill. Nalco, like other 

actors from industry came under pressure from the public and government during the 
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spill. EPA eventually forced the company to disclose the composition of its products 

(Johnson and Torrice 2010). Nalco fought back and attempted to prevent itself from 

becoming framed as a dispersant company, as dispersants account for a small portion of 

their product line (Voith 2010). The unprecedented amount of dispersants used in 

response to the DWH spill only boosted Nalco’s profits by 1 percent.  

 Private industries in the Gulf and the general public living along the Gulf Coast 

were heavily impacted by the BP DWH discharge (BBC World Service 2011a; BBC 

World Service 2011b). The fishing and tourism industries in the Gulf were the hardest hit 

and tourism is only beginning to recover a year after the spill, but the total impact on the 

fishing industry has yet to be realized. Many economically important Gulf species, such 

as oysters, may have been impacted in terms of their reproduction prolonging the affects 

of the spill (National Commission on the BP Deepwater Horizon Oil Spill and Offshore 

Drilling 2011). Under the Oil Pollution Act of 1990 BP is responsible for compensating 

all parties affected by the oil discharge. The extent of liability was questioned and policy 

makers in Washington sought to raise the cap set by the Oil Pollution Act (1990), which 

had not been updated since 1990. The impacts of the spill are still affecting communities 

a year after the spill and its damage is likely to be felt for some time (Bresenahan 2011). 

The  affects of the spill on the health of response workers and local populations who live 

and work in the effected areas are also questioned. Some workers directly blame the 

dispersants for impacting their health, but there is no direct evidence that the effects of 

the dispersants on their own caused health problems (National Commission on the BP 

Deepwater Horizon Oil Spill and Offshore Drilling 2011). 
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Legal Framework 

 The legal framework for the application of dispersants to oil spills can be split 

into response planning and emergency response. Both categories fall under the umbrella 

of the Oil Pollution Act of 1990. In response planning, BOEMRE, a subset of the 

Department of the Interior, is responsible for overseeing industry in planning and 

preparedness (National Commission on the BP Deepwater Horizon Oil Spill and 

Offshore Drilling, 2011). BOEMRE both approves drilling plans and emergency response 

plans, which industry is required to submit (Steffy 2011). Response plans are evaluated 

on several parameters (National Commission on the BP Deepwater Horizon Oil Spill and 

Offshore Drilling 2011). First, the action specified in the plan must be effective and 

reasonable and include plans for dispersant use and burning. Industry is required to show 

proof of response equipment inventory sufficient to carry out the actions specified in their 

plan. If the industry actor itself requires assistance in carrying out effective response, 

contractual agreements must be shown. The response plan must also include a calculation 

of the worst-case scenario possible from each well drilled. 

Under the Oil Pollution Act (1990), industry is responsible for containing and 

mitigating any harm caused as a result of their activities (National Commission on the BP 

Deepwater Horizon Oil Spill and Offshore Drilling 2011; NRC 2005). The act also states 

that government should be capable of handling emergency scenarios. This creates a 

difficult situation because the government is dependent on private industry for its 

technology, experience, and resources. The framework created under the Oil Pollution 

Act (1990) provides a network of appropriate response options to assist industry in 
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mitigating spills. The framework also provides government with a plan of action should it 

need to assist.  

Applying dispersants to any oil spill begins with the hierarchical framework 

mentioned above involving the National and Regional Response Teams and the area 

committees (NRC 2005). In the event of a spill, an onsite USCG official will be 

designated the Federal on Scene Coordinator (FOSC), whose job is to ensure a safe and 

effective response. In order to apply dispersants, the FOSC must deem chemical 

dispersion an appropriate response. To justify use, the FOSC must consider if the 

application of dispersants will have the desired effect, if dispersants can be affectively 

applied, and if the environmental tradeoffs of dispersant use are in favor of their 

application (NRC 1989). If the FOSC is in favor of applying dispersants, the official must 

seek the approval of all parties in the response framework. The USCG and EPA co-chairs 

of the NRT, the state representative of the RRT and the federal resource trustees, the 

Department of Commerce, and the Department of the Interior all must concur that the 

plan submitted by the FOSC is sound.  

 Consulting each of the necessary parties is a time consuming process, which can 

hinder the ability of responders to enact an effective and rapid response (U.S. 

Environmental Protection Agency 2003; NRC 2005). The NRT revised the NCP to 

require the RRT’s and Area committees to provide plans for preauthorization of 

dispersant use. The revised plan allowed for three modes of dispersant authorization. In 

waters meeting certain requirements, most frequently three nautical miles (nm) seaward 

and greater than 10 meters in depth, dispersant application has been preapproved (Figure 

1). The dispersant products authorized are limited to those approved by EPA and listed 
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on the NCP Product Schedule (U.S. Environmental Protection Agency 2010). If a spill 

occurs in waters in which dispersants have been preauthorized, the FOSC may allow 

application of dispersants immediately following a spill without further authorization.  

 In situations that do not meet the requirements of preapproval, two further options 

for dispersant application exist (U.S. Environmental Protection Agency 2003; NRC 

2005). In some predetermined waters closer to shore than three nm and others that do not 

meet the requirements of pre approval, an expedited approval option exists. In this case 

the FOSC can receive approval from the NRT co-chairs and the federal resource trustee 

agencies but submitting a request of limited information. In areas that are not approved 

for pre authorization or expedited approval, the FOSC request for dispersant use must be 

approved through the entire command chain of NRT, RRT, and federal resource trustees 

on a case-by-case basis.  

 In all cases of dispersant use, responders are limited to a number of preauthorized 

products listed on under the NCP, which have been approved by EPA (U.S. 

Environmental Protection Agency 2003; NRC 2005). At the time of the DWH spill 14 

dispersants were listed on the product schedule. In order to be listed, the manufacturers of 

products must submit standardized efficacy and toxicity data to EPA for approval. 

Among the products approved at the time of the Macondo blowout were Corexit 

EC9500A and EC9527A. These two products were selected by BP and applied under pre-

authorization until the NRT sought to limit the application of dispersants (National 

Commission on the BP Deepwater Horizon Oil Spill and Offshore Drilling 2011).  

 In the Gulf of Mexico at the time of the DWH discharge two similar 

preauthorized zones existed in the Gulf of Mexico (United States Coast Guard 2011; 
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NRC 2005). In Florida, Mississippi, and Alabama, dispersants were preauthorized three 

nm seaward to the extent of the exclusive economic zone and in waters deeper than 10 

meters. Case-by-case approval was needed for waters closer to shore or less than 10 m of 

depth. Case-by-case approval was also required for State and Federal special 

management areas including national marine sanctuaries, national or state wildlife 

refuges and national parks. Additionally, the Florida west coast required case-by-case 

approval of dispersant shoreward of nine nm. Texas and Louisiana had similar, though 

slightly altered regulations. Dispersants were preauthorized in waters seaward of three 

nm to the exclusive economic zone or in waters of 10 m or more in depth, whichever was 

further from shore. Dispersant use was limited to daylight hours and was to be based on 

weather conditions, sea state, the type of oil, history of the spill, and the risks involved. 

Furthermore, dispersants were always to be applied in the deepest possible waters. The 

one restriction for case-by-case approval in these states was application of dispersants 

within the Flower Gardens National Marine Sanctuary.  

 Response to the Deepwater Horizon oil spill was flawed from the start (National 

Commission on the BP Deepwater Horizon Oil Spill and Offshore Drilling 2011). BP did 

not show sufficient attention to detail in their emergency planning, which Boemre 

approved without question. The response plan written up by BP was ineffective. It also 

underestimated the worst-case scenario, further undermining the planned response. This 

plan also drew heavy criticism for its poor analysis of environmental impact (Reed and 

Fitzgerald 2011). It did not express concern or contingency planning for effects on 

endangered Gulf species, instead addressing impacts to animals including walrus, which 

do not inhabit the Gulf of Mexico.  
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 Dispersants were applied on the DWH spill beginning April 22, 2010 under 

preauthorization (National Commission on the BP Deepwater Horizon Oil Spill and 

Offshore Drilling 2011). Because the spill was located in a preauthorized zone, 

responders we legally allowed to use any EPA approved product without concern for the 

size of the treated area, volume of product used, or the duration of use (Figure 2). The 

application of dispersants sub-sea was something that had not been considered at the time 

of the Macondo blowout and was not covered by the NCP. Shortly after the blowout, BP 

began asking for approval to use dispersants at the wellhead. Scientists and federal 

responders were concerned with the unknown effects of dispersants at depth. Because the 

NCP did not address the method of dispersant application, responders were confused 

about the legality of sub-sea application. EPA claimed that sub-sea use of dispersants was 

not covered by the NCP and that authorization would require high-level approval. 

Communication problems within EPA slowed the response authorization of sub-sea use, 

which angered the USCG and National Oceanic and Atmospheric Administration 

(NOAA) that saw sub-sea application as a useful tool. 

 While awaiting EPA approval for sub-sea dispersant use between April 30th and 

May 10th, on the scene scientists developed a protocol for monitoring the success of sub-

sea dispersant application (National Commission on the BP Deepwater Horizon Oil Spill 

and Offshore Drilling 2011). On May 10th, EPA adopted the testing protocol and began 

allowing dispersants to be applied at depth. The application technique that BP developed 

was limited to the application of 15,000 gallons of dispersants per day. Responders 

monitored toxicity during the sub-sea application and the toxicity levels never exceeded 
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the guidelines set forth by EPA. Thus, sub-sea dispersant use was allowed to continue for 

the duration of the spill.  

 An interesting twist in the story of dispersant use during the DWH spill was the 

conflict that it created amongst response authorities (National Commission on the BP 

Deepwater Horizon Oil Spill and Offshore Drilling 2011). By the end of May, EPA had 

become concerned with the quantity of dispersant being used in the Gulf of Mexico and 

ordered BP to curb their use by up to 75% (Voith 2010). The USCG, co-chair to the EPA 

on the NRT, and BP resisted the EPA directive on the grounds that dispersants were a 

highly effective tool that could not be removed from use (National Commission on the 

BP Deepwater Horizon Oil Spill and Offshore Drilling 2011). BP began applying for 

approval on a case-by-case basis so frequently that EPA threatened to stop dispersant use. 

This provoked a backlash from the USCG who complained that the EPA was revoking 

the rules it had created in the first place. This situation was about to come to a head when 

the capping of the well diffused it. 

 

What Scientific Input Pertains? 

 The creation of an effective policy regarding oil dispersants is dependent on 

expert input from a variety of fields. To begin, the fate of oil in the environment must be 

understood (NRC 1989, 2003, 2005). This process requires oceanographers to understand 

the behavior of oil, chemists to understand its breakdown, and biologists to understand 

the organisms that interact with oil. The dispersants themselves must be created and 

optimized by engineers. An understanding of how the product works and how it is best 

used must also come from engineers. Finally, oceanographers, toxicologists and 
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ecologists are necessary to understand the effects of the dispersant on the oil spill and its 

effects on the surrounding environment. The DWH spill was unprecedented in its 

application of dispersants by amount and location (Johnson and Torrice 2010). The 

policy guidelines for the legal application of dispersants before the spill were not 

sufficient and required modification. Subsequently, scientists from government, industry, 

and academia have responded to provide information as to the effects of the spill and the 

effects of dispersants. Toxicologists worked during the spill to determine the effects of 

dispersants on wildlife (Hemmer et al. 2010; Judson et al. 2010). Oceanographers too 

have begun to unravel the affects of the dispersant and consider how their application 

may have affected the environments damaged by the spill (Kujawinski et al. 2011; 

Thibodeaux 2011).  

 

Strength of Positions 

 The science and opinion behind the use of oil dispersants is split into two 

viewpoints. On one side, industry, the government, and a wide array of scientists believe 

that dispersants are an effective tool when used properly (Johnson and Torrice 2010; 

National Commission on the BP Deepwater Horizon Oil Spill and Offshore Drilling, 

2011; NRC 1989, 2005). Most actors will not claim that dispersants are a good thing; 

after all they are used in response to oil spills, which are ecological disasters. Rather, 

those in favor of dispersant use claim that they are the lesser of two evils and can help 

expedite recovery after an oil spill. Some scientists and environmentalists on the other 

hand consider dispersants to be highly toxic and a bad option in any circumstance 

(Torrice 2010b; Gertz 2010). Toxicologist Susan Shaw even went as far as to claim that 
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the use of dispersants was not a consideration of environmental tradeoffs, but rather a 

tool to improve industry public relations by hiding the extent of the oil (Gertz 2010).  

The problem in reconciling the opinion of the two viewpoints is that we are still 

missing a large amount of information on the effects of dispersants (NRC 1989, 2005). 

The environmental, chemical, and biological variables effecting the application and 

effects of dispersants are so complex that it is impossible to achieve a thorough 

understanding of all variables involved. The parties in favor of dispersant use could argue 

on the precautionary principle that the prevention of damage to coastal and surface 

communities without their use merits application despite the tradeoffs. The parties against 

dispersant use might use the precautionary principle to claim that dispersants should not 

be used in any circumstances based on the increased toxicity of dispersed oil and the 

unknown effects. In the end, it is clear that using dispersants is the choice between the 

lesser of two evils. That said, substantially more research has shown dispersants to be an 

effective tool despite their drawbacks and that the potential increase in toxicity is 

outweighed by their benefits in most circumstances (Fuller et al. 2004; Judson et al. 2010; 

NRC 2005).  

The best source of information regarding oil dispersants and the policy behind 

their application comes from two National Research Council texts (NRC 1989, 2005). 

These texts thoroughly review the effects of dispersants on oil spills, their efficacy, 

toxicological and environmental effects. The 2005 text also contains a thorough analysis 

of the necessary decision making process in preparation for the application of dispersants. 

Both texts analyze the tradeoffs and provide a fair and unbiased analysis of dispersant 

use. These sources are the closest one can come to finding an “Honest Broker” opinion 
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that considers tradeoffs and effects in the use of dispersants. Many academic peer 

reviewed papers and government reports provide “impartial arbiter” stance on the toxicity 

and utility of dispersants, but do not go as far as these NRC reports in providing a 

complete picture (Fuller et al. 2004; Hemmer Barron and Greene 2010).  

 

Control of Information 

 Despite the reliable sources of information on dispersant use, actors involved in 

the BP DWH spill attempted to spin information in their favor. BP repeatedly used its 

scientists and engineers to downplay the extent of the spill (National Commission on the 

BP Deepwater Horizon Oil Spill and Offshore Drilling 2011). Following the spill, BP 

also attempted to claim that the Gulf would recover quickly without properly weighing 

the extent of the possible impacts of the spill (BBC World Service 2011b). The time 

passed since this spill has been too short to allow the direct conversion of science into 

policy, “scientification of policy”, but examples baring similarity may be found. When 

the EPA considered revoking the rights for BP to use dispersants, both BP and the USCG 

argued on the grounds that science had led to the current policy and that it should be 

followed (National Commission on the BP Deepwater Horizon Oil Spill and Offshore 

Drilling 2011). This approach attempted to bypass caution by EPA due to the potential 

unknown impacts of the unprecedented dispersant use.  

 Beyond spinning science to benefit parties involved, there were also attempts by 

both BP and the federal government to limit information during the response. In the days 

following the blowout, BP sought to downplay the significance of the spill consistently 

providing low flow rate estimates (National Commission on the BP Deepwater Horizon 
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Oil Spill and Offshore Drilling 2011). In limiting the information about actual flow rate 

BP sought to limit damage to its public relations. Instead, this effort undermined attempts 

by BP to save its image and undermined early spill response (Shogren 2011). The US 

government was also complicit in limiting the flow of information. Independent scientists 

complained of having samples seized and barred from working in certain areas after the 

spill (Flatow 2010; Hooper-Bui 2010). Supposedly this only occurred for scientists who 

had not been cleared by unified command to work in certain areas, but it caused backlash 

within the scientific community and fueled wider distrust.  

 

Risk Assessment, Future Directions and Conclusions 

  When considering the full effects of the spill in hindsight, it remains difficult to 

assess the impact and merit of using oil dispersants in unprecedented amounts and 

through new application types (National Commission on the BP Deepwater Horizon Oil 

Spill and Offshore Drilling 2011; Schooner 2010). Significant risk assessment went into 

the creation of the Oil Pollution act of 1990 and into the NCP created by EPA (National 

Commission on the BP Deepwater Horizon Oil Spill and Offshore Drilling 2011; U.S. 

Environmental Protection Agency 2011a; United States Coast Guard 2011). These 

analyses attempted to provide a reasonable framework for making the decisions between 

the tradeoffs of dispersant use. Very early in the spill, it became apparent that risk 

assessment had not kept pace with the development of drilling technology. As a result, 

responders lacked sufficiently developed plans for dispersant use and effective 

containment technology. Failures in risk assessment began with the failure by BOEMRE 

to update analysis schemes to account for the advances in drilling technology. Without 
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appropriate regulation, industry preparedness also faltered. In its preparation of 

contingency plans, BP relied on the flawed and inadequate analyses provided by 

BOEMRE. BOEMRE was the government agency with the closest ties to industry and 

should have been the most prepared but as this agency fell behind, National Response 

planning lagged even further. The failure of risk assessment to keep pace with technology 

resulted in a need for emergency responders to adapt and perform in situ analyses during 

the response to the Macondo Blowout.  

 Major changes need to be made in national contingency planning and industry 

oversight to prevent another similar disaster from occurring. BOEMRE needs to provide 

better oversight of industry to ensure that gaps between contingency planning and 

technological advancement do not occur to such a substantial degree in the future 

(National Commission on the BP Deepwater Horizon Oil Spill and Offshore Drilling 

2011). The National Commission report on the BP oil spill suggests that an offshore 

authority be created as a new department within BOEMRE. This department would be 

solely responsible for overseeing the offshore drilling industry providing focused 

oversight. The offshore authority should be responsible for updating and periodically 

reviewing risk analyses and the state of emergency preparedness. This enhanced 

regulation could prevent the occurrence of a similar incident. The offshore authority 

should also be responsible for creating a unified government response, in which it could 

lead and organize response from the EPA, the USCG, and NOAA. The lead of the 

offshore authority should incorporate the expertise of each agency, while providing the 

framework for a more unified and prepared response. Along with unified response, an 

interagency approach to risk assessment should be adopted to analyze oil spill risks, 
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issues, and impacts. This unified analysis must be periodically updated and incorporate 

environmental reviews and outside consultations.  

Major changes also need to occur to the NCP to provide a better national 

response. EPA should create a plan for the handing of any oil spills of national 

importance that differs from response to minor spills (National Commission on the BP 

Deepwater Horizon Oil Spill and Offshore Drilling 2011). This plan should increase the 

level of government involvement in any spill that is a threat the public health and welfare. 

The increased level of government involvement should come from the National and 

RRT’s. Clear plans need to set forth to provide easy clear communication with and 

enhanced roles for high level government officials with EPA and other involved 

agencies. This change could prevent confusion over established polices as occurred over 

the preapproval of dispersants and the legality of their use in deep water. Enhanced 

communication with high-level officials will also provide expedited decision making on 

important matters. The NCP should also be modified to provide analysis of human health 

impacts during response. Considering the potential adverse health effects of burning oil 

and applying chemical dispersants in decision making could result in a safer and more 

appropriate spill response.  

The framework of the National Environmental Policy Act (NEPA) should be 

updated to include planning and analyses of the offshore drilling industry and potential 

accidents (National Commission on the BP Deepwater Horizon Oil Spill and Offshore 

Drilling 2011). NEPA requires that the federal government consider the impacts of its 

proposed operations on the environment, thus incorporating environmental values (U.S. 

Environmental Protection Agency 2010b). Adding provisions for the offshore oil industry 
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could lower the risk in the industry. It would also require that regulators provide stronger 

emphasis on the environmental effects of a spill and its response. A stronger emphasis on 

environmental protection during a spill response can help stem some negative backlash 

and balance the needs of diverse interests.  

Changes need to begin being made in dispersant policies whilst larger changes 

occur. The EPA needs to periodically review its protocols for product listing on the NCP 

to ensure that responders have sufficient information to make decisions surrounding 

dispersants use (National Commission on the BP Deepwater Horizon Oil Spill and 

Offshore Drilling 2011). Further changes need to be made to the NCP to include limiting 

guidelines on dispersant use including, maximum application time, area, and volume 

before further review is required. The NCP product schedule could then be modified to 

include these guidelines for each product based on other parameters such as toxicity. To 

improve the efficacy of these changes further research needs to be conducted on 

dispersants and the effects of their use on environmental tradeoffs, including their effects 

on bioremediation with special attention paid to deep-water application (National 

Commission on the BP Deepwater Horizon Oil Spill and Offshore Drilling 2011; NRC 

2005). The EPA and NOAA should have a role in this research, but independent 

scientists should continue to be involved. To ensure that adequate research is conducted 

congress should also establish a fund for oil spill research.  

Improvement cannot come solely from government, especially when the government 

is reliant on industry for technological advances (National Commission on the BP 

Deepwater Horizon Oil Spill and Offshore Drilling 2011). Improvement in industry 

contingency planning and safety regulations together with government planning will help 
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prevent another such accident and prepare a more appropriate response plan in the event 

that another unexpected accident occurs. Two initiatives have come from industry so far 

to improve the safety of deep water drilling. Four out of the five major oil and gas 

corporations operating in the Gulf of Mexico came together to create a non-profit 

organization called The Marine Well Containment Company. BP has subsequently stated 

that it intends to join. The company will provide containment equipment capable of 

operating in up to 3000 m (10,000 ft) of water and collecting 100,000 barrels of oil per 

day. This equipment would be capable of being operational within 24 hours of a blowout. 

The startup members would have free access to the capability of the company as a result 

of a combined one billion dollars start-up cost. Others could gain access to this 

technology on a contractual basis. A second more modest but less expensive proposal has 

been proposed by the existing Helix Corporation. Their proposal is to modify the 

equipment designed to contain the Macondo blowout for a more general use. Both of 

these proposals are promising. Each needs to ensure that its structure can adapt to 

respond to future technological changes within the drilling industry to guarantee long-

term efficacy. 

 In conclusion the established framework for oil spill response, including 

dispersant application, was not sufficient at the outset of the Macondo blowout (National 

Commission on the BP Deepwater Horizon Oil Spill and Offshore Drilling 2011). The 

reason for this was that industry oversight had not kept pace with drilling advances. Lack 

of sufficient framework made on-site risk analysis a necessity. Responders made the best 

decisions possible considering the tradeoffs in dispersant application, including use at 

depth. The results of these actions are still not fully elucidated. Continued monitoring of 
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the effects of this spill and input from a variety of players in the scientific community can 

provide necessary information for future policy. Future policy needs to consider new 

scientific input alongside political and social tradeoffs to ensure that the best decisions 

are made in future accidents. A joint approach from government working with industry is 

necessary to accomplish these goals.  
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Figure 1. Dispersant pre-authorization map: US Coastlines. Note preapproval of 
dispersants in the Gulf of Mexico 3 nautical miles from coasts in waters greater than 10 
meters (From: NRC, 2005).  
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Figure 2. BP dispersant use decision tree. This diagram was part of the BP incident 
response plan submitted to BOEMRE (From: Progressive Mangament 2011a). 

 

 

129 



 

 
 
 
 
 
 
 
 
 
 
 
 

CHAPTER 5 
 

 CONCLUSIONS ABOUT THE USE OF CHEMICAL DISPERSANTS IN MARINE SPILLS  
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 The first large scale attempt at using oil dispersants was in 1967 (NRC 1989). A 

Liberian tanker named the Torrey Canyon ran aground on the Western Cornish Coast of 

England releasing roughly one million barrels of crude oil into the English Channel. This 

event was one of the first large scale marine oil spills and impacted over 200 km of 

English coast and 80 km of French coastline (Rogowska and Namiesnik 2010). Over 

10,000 barrels of various dispersants were applied to aid in breaking up the massive 

slicks of oil (NRC 1989). The dispersants applied had low success, as the solvents 

quickly evaporated and the surfactants remained. These did not mix well with seawater 

and instead they formed stable and persistent emulsions of surfactant, oil and water. The 

dispersants used were highly toxic to marine life, and the most toxic dispersants formed 

the most persistent emulsions. Subsea biological impacts were not well studied at this 

time, but impacts to the coastline were highly visible, including the presence of dead 

limpets and empty barnacle and mussel shells for miles. The toxicity of the dispersants 

was attributed to the aromatic hydrocarbons in the solvents and alkyphenol surfactants 

(NRC 1989). This first major application of dispersants gave them a bad reputation that 

continues up to the present. Further damage to the environment occurred when the British 

Air Force unsuccessfully attempted to burn the oil by bombing oil slicks with napalm 

(Jenelov 2010).  

 Tanker spills were of great concern during the second half of the 20th century 

(Rogowska and Namiesnik 2010). One of the most famous incidents was the highly 

publicized Exxon Valdez spill in Prince William Sound, Alaska, (Exxon Valdez Oil Spill 

Trustee Council 1994). This spill is now the second largest accidental spill in United 

States history, following the DWH (National Commission on the BP Deepwater Horizon 
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Oil Spill and Offshore Drilling 2011). This spill had profound and long lasting 

environmental effects that have been well documented elsewhere (Jenelov 2010; Exxon 

Valdez Oil Spill Trustee Council 1994). Oil dispersants were not used to a large degree in 

this oil spill. Poor weather conditions prevented the application until it was deemed that 

dispersants would not be useful due to oil weathering. Dispersants were used in the 

process of cleaning rocky shorelines. Two Corexit products were used on beaches, the 

dispersant 7764 and the surface-washing agent 9580. It was believed that shoreline 

application would remove oil from coated beaches by facilitation dissolution into the 

surf. Dispersants were not highly successful in this application and caused further 

concern due to the large amounts of kerosene solvents they contained, which effectively 

increased the oil load on beaches. This effect led to the discontinued use of Corexit 

dispersant products in shoreline application. Today, the use of these dispersants is 

discouraged within three miles of the shore (Voith 2010). 

 As of the late 20th century, tanker spills trended downwards as improved 

regulations enhanced safety records (Jernelov 2010). Ruptures in pipelines and in marine 

drilling accidents began to trend upwards during this same period as subsea drilling 

began in earnest in the late 1950’s (Jenelov 2010; Steffy 2011). The most comparable oil 

spill to the DWH, is the 1979 Ixtoc I blowout in the Bay of Campeche, Mexico (Figure 1) 

(Waldichuk 1980). The Ixtoc I well was located in 50 meters of water 80 km from the 

Yucatan Peninsula on the southern Gulf of Mexico continental shelf. The blowout 

initially discharged 30,000 barrels of oil per day and after months of flow over three 

million barrels of crude oil were released before a relief well finally killed the blowout. 

This was the largest oil spill in history at that time (Lee et al.1980).  
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 Response to the Ixtoc appears to be comparable to the DWH incident, which was 

caused by a similar event (Jernelov 2010). Many failed measures were tried before a 

relief well finally stopped the discharge (Waldichuk 1980). Responders attempted to top 

kill the well with drilling mud and even added tennis-ball sized lead spheres to the 

drilling mud at one point, which managed to slow the flow. Another measure that slowed 

the flow was the placement of a 3010 ton containment dome referred to as a “sombrero” 

over the wellhead. Similar techniques were used in responding to the Macondo Blowout, 

but also failed (National Commission on the BP Deepwater Horizon Oil Spill and 

Offshore Drilling 2011). The oil discharged from the Ixtoc blowout was a relatively light 

crude (Jernelov 1981). Despite this fact, and the relatively shallow depth of the well, the 

oil that reached the surface was found to be partially emulsified. This emulsification is a 

major concern in deepwater blowouts because it lowers the efficacy of response. 

Responders used most available methods to clean up after the Ixtoc spill including 

burning, containment booms to protect shorelines and lagoons, and dispersants. Over 

9000 metric tons (60,000 barrels) of dispersant were used including 6750 tons of Corexit 

EC9527A (Jernelov 1979). Response saw some success, but the magnitude of this spill 

meant environmental damage would occur.  

 The spill threatened Gulf of Mexico ecosystems from the continental shelf, 

including flat uniform sediment bottoms inhabited by shrimp, invertebrates, mollusks and 

fish, to the pelagic deep-water environment, which is among the most productive in the 

world due to upwelling and nutrient inflow from rivers (Jernelov 1979). Coastlines also 

contained coral reefs and mangrove habitats. The oil released had acute toxic effects on 

many inhabitants and the shrimp, fish and octopus harvest dropped for many years after 
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the spill. Studies found low evidence of bacterial degradation following the spill (Atwood 

1982; Lizarraga Partida 1982). The microbial community present had the capability to 

consume oil, but was limited by other nutrients and sediment inflow from rivers. In the 

years following the spill, large bacterial blooms were noted along the coast (Jernelov 

1979). Zooplankton were shown to decrease in magnitude for at least three years 

following the spill and population structures were also dramatically altered (Guzman del 

Proo 1986). Though this spill occurred on the continental shelf, its impacts are the best 

basis for understanding the long-term consequences of the DWH spill.  

 Despite the upward trend in accidents, subsea drilling has had a relatively good 

safety record (Steffy 2011; Jernelov 2010). Over the last half century more than 50,000 

subsea wells have been drilled in the US Gulf of Mexico, including over 700 in 

deepwater below 1500 meters (500 ft). Far more wells have been drilled worldwide, 

including in third world countries with poor safety records and yet few major accidents 

have occurred. Aside from the major Ixtoc I blowout of 475,000 metric tons and the 

Macondo blowout of 672,000 metric tons, only one other blowout has resulted in a spill 

of over 100,000 metric tons - the Nowruz well in 1983 (Table 1) (Federal Interagency 

Solutions Group 2010; Jernelov 2010). That blowout; however, is an anomaly as it 

occurred in Iranian waters after Iraqi aircraft attacked the platform. Following these 

spills, the other major subsea blowouts were all below 30,000 metric tons of oil and 

occurred at shallow water depths (Jernelov 2010). Blowouts of note from this list include 

a Norwegian Spill in 1977, a Nigerian spill in 1980 and an Australian spill in 2009. 

Within the US Gulf of Mexico there were only five blowouts that exceed 1,000 barrels of 

oil spilled between 1964 and 2009 and the most recent occurred in 1970 (Table 2) 
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(Progressive Management 2011). With so few accidents to study, most scientific 

knowledge about deep-sea spills is theoretical or has come from field tests (Johansen 

2003; NRC 2003). One study in the North Sea simulated blowouts and pipeline leaks in 

840 meters of water, which helped scientists to better understand the behavior of oil in 

deep water, including slick and emulsion formation (Johansen 2003).  

 For now, the DWH is the only example of an ultra deep-water well blowout and 

the largest accidental marine oil discharge in history at nearly five million barrels (Table 

3; Figure 2) (Federal Interagency Solutions Group 2010; National Commission on the BP 

Deepwater Horizon Oil Spill and Offshore Drilling 2011). For scale, five million barrels 

is 210 million gallons. This spill is also the only example of subsea dispersant use and the 

use of dispersants on such a large scale (Kujawinski 2011; National Commission on the 

BP Deepwater Horizon Oil Spill and Offshore Drilling 2011). In total, 43,900 barrels or 

about two million gallons of dispersants were applied. It is still too early to understand 

the full environmental and biological impacts of the DWH spill. The government oil spill 

commission seems to believe that many of the worst feared impacts have not come to 

fruition, most of the oil stayed out of the loop current. There is little evidence for 

widespread oxygen depletion in deep water and most of the oil has disappeared from the 

surface and the mind of the public after the spill. Independent scientists are more hesitant 

to express optimism before we have all the facts (Joye and Macdonald 2010; Schooner 

2010). The effects of dispersant use remains to be  fully understood, but for now it 

appears that they served their intended purpose in removing oil from the surface and 

sequestering it in the deep sea, possibly enhancing microbial degradation (Hazen 2010; 

Schooner 2010; Kujawinski 2011). Whether these assumptions are accurate or not, the 
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spill will impact biological communities for some time to come and we still do not know 

to what extent, especially for deep sea communities. The oil, provided it is not too dilute 

or degraded, may yet reach European shores from transport in the gulfstream (Figure 3) 

(Jernelov 2010; Maltrud 2010).  

 Our current state of knowledge about oil dispersants leads to the conclusion that 

they are useful tools in appropriate circumstances, but that their use contains intrinsic 

tradeoffs (NRC 1989, 2005). Dispersant will always add chemical weight to a spill. 

Chemically-dispersed oil toxicity is primarily driven by the components of oil. The 

dispersant affects the distribution of oil, which may impact certain communities more 

than others. Highly complex and precise ecological studies need to be conducted on the 

impacts of dispersants and the decision to use these chemicals in response to oil spills. 

Otherwise, we will rely on assumptions, the value of protecting shorelines, and highly 

visible animals such as marine mammals and seabirds over inhabitants of water column. 

The question of enhanced petroleum bioremediation through dispersant use also remains 

a point of uncertainty (NRC 2005). A better understanding of biodegradation needs to 

come from studies that examine multiple parameters of oil decomposition, including 

oxygen depletion, the variability in biological communities, and chemical composition of 

oil. Despite our relatively paltry knowledge of oil spill mitigation, some experts believe 

that research and development on mitigation techniques is money and time wasted 

(Jernelov 2010). The magnitude of oil that can be released in these events is so great that 

any technology will unlikely be able to prevent severe environmental damage. Due to the 

potentially catastrophic nature of subsea blowouts, some scientists believe that research 
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and development priorities should be in the prevention of blowouts and the development 

of technology for capping them, if they occur. 

 Regardless of safety concerns, drilling in deep water is on the rise throughout the 

world (Minerals Management Service 2004). With global energy use continuing to grow, 

oil drilling is likely to increase and venture into even deeper waters. In the Gulf of 

Mexico, deep-water production has increased an average of 16 percent per year since 

1985 (BOEMRE 2011b). As of April 27, 2011 there were over 500 leases and 22 active 

drilling and production sites in the Gulf deeper than 300 meters (1000 ft) (Table 4; Figure 

4) (BOEMRE 2010, 2011a). The only way to prevent environmental damage from oil 

spills is to prevent them from occurring. The only way to ensure prevention is to stop 

drilling. Drilling will not stop until the world is willing to find other sources of energy 

production, pay more for sustainable energy, or oil production becomes as costly as other 

forms of energy. 
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Table 1. Notable global blowouts prior to the Deepwater Horizon (From: Jernelov 2010). 
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Table 2. Notable blowouts in the U.S. Gulf of Mexico 1947-2009 (From: Progressive 
Management 2011). 
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Table 3. Deepwater Horizon oil budget (From: Federal Interagency Solutions Group 
2010)  
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Table 4. Petroleum drilling and production operations in the Gulf of Mexico as of April 
27, 2011 (From: BOEMRE 2011a) 
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Figure 1. The locations of the two major Gulf of Mexico blowouts (From: Jernelov 2010) 
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Figure 2. The actual surface extent of the Deepwater Horizon spill (From: National 
Commission on the BP Deepwater Horizon oil spill and offshore drilling 2011) 
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Figure 3. Theoretical extent spilled oil by depth six months after the blowout, based on 
dye modeling. (a) dye release at 0–20 m depth; (b) dye release at 20–210 m depth; (c) dye 
release at 210–800 m depth; (d) dye release at 800–1500 m depth. Color represents 
dilution factor on a logarithmic scale. (From: Maltrud et al. 2010) 
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Figure 4. Oil and gas leases in the Gulf of Mexico as of May 12, 2010 (From: Progressive 
Management 2010a) 
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APPENDIX A 
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The toxicity and efficacy summary for each of the 14 dispersant products listed on the 
EPA National Contingency Plan (From: U.S. Environmental Protection Agency 2011) 
 

Toxicity(LC50 values in 
ppm) 

Effectiveness (%) 

Product (1:10 Product-to-No. 2 
Fuel Oil ratio) Menidia 

(96‐hr) 
Mysidopsis 
(48‐hr) 

Prudhoe 
Bay Crude 

Oil 

South 
Louisiana 
Crude Oil 

Average of 
Crude Oils 

BIODISPERS  5.95  2.66  51.00  63.00  57.00 

COREXIT® EC9500A  2.61  3.40  45.30  54.70  50.00 

COREXIT® EC9527A  4.49  6.60  37.40  63.40  50.40 

DISPERSIT SPC 1000™  7.90  8.20  40.00  100.00  73.00 

FINASOL OSR 52  5.40  2.37  32.50  71.60  52.10 

JD‐109  3.84  3.51  26.00  91.00  58.50 

JD‐2000™  3.59  2.19  60.40  77.80  69.10 

MARE CLEAN 200  42.00  9.84  63.97  84.14  74.06 

NEOS AB3000  57.00  25.00  19.70  89.80  54.80 

NOKOMIS 3‐AA  7.03  5.56  63.20  65.70  64.50 

NOKOMIS 3‐F4  100  58.40  62.20  64.90  63.55 

SAF‐RON GOLD  9.25  3.04  84.80  53.80  69.30 

SEA BRAT #4  23.00  18.00  53.55  60.65  57.10 

SEACARE ECOSPERSE 52 (see 
FINASOL® OSR 52) 

5.40  2.37  32.50  71.60  52.10 

SEACARE E.P.A. (see DISPERSIT SPC 
7.90  8.20  40.00  100.00  73.00 

1000™) 

SF‐GOLD DISPERSANT (see SAF‐RON 
9.25  3.04  84.80  53.80  69.30 

GOLD) 

SUPERSPERSE™ WAO2500  3.70  2.53  77.84  87.56  82.70 

ZI‐400  8.35  1.77  50.10  89.80  69.90 
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Toxicity(LC50 values in 
ppm) 

Effectiveness (%) 

Product (1:10 Product-to-No. 2 
Fuel Oil ratio) Menidia 

(96‐hr) 
Mysidopsis 
(48‐hr) 

Prudhoe 
Bay Crude 

Oil 

South 
Louisiana 
Crude Oil 

Average of 
Crude Oils 

ZI‐400 OIL SPILL DISPERSANT (see ZI‐
400) 

8.35  1.77  50.10  89.80  69.90 

 

 


