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This Latest Literature Review
• Is the fourth in a series – dating back to 1997 

• Emphasizes recent research of 2014 - 2017

• Reviewed more than 1300 papers

• Includes a searchable Excel database of these 1300 papers

• Summarizes the recent research in various subjects
• Emphasis on topics changes over the years – depending on 

importance of issues at the time
• The number of papers increases for a few years after a major spill



Number of publications rose after DWH



Topics vary from year to year depending on 
current research, look at the 3 key issues:



What Are Oil Spill Dispersants
• Dispersants = Mixtures of surfactants (detergents) 

that are intended to deal with oil slicks

• Dispersants are intended to remove oil 
from the surface by breaking slicks 
into small droplets

• Intended protection targets –
Wildlife (birds, mammals) and shorelines



Dispersants - further
• Most dispersants consist of a mixture of surfactants and 

solvents

• These ingredients vary in toxicity and fate in the 
environment

• Corexit 9500 – used extensively at Deepwater Horizon spill 
consists of 3 surfactants 

• The older Corexit 9527 originally in PWS, is gone and only 
9500 remains in the PWS inventory now

• Each of these ingredients can be tracked separately 
during a spill



How are dispersants applied?
• Typically using aircraft



Application by vessel – rarely done



Basic Limitations for Dispersants Applications
• Oil must be fresh and not viscous

• Must be able to deliver adequate dose to oil

• Oil must be thick – not light sheen

• Must be done early - within a time window



A Short History of Use of Dispersants
• In the USA – little use until the Deepwater Horizon spill 

where dispersants were injected at the well head - as well 
as used on the surface

• In Alaska – a few trial runs were carried out on the Exxon 
Valdez spill w/little, if any success (however, the USCG 
Strike Team on the Exxon Valdez was sprayed during one 
test...)

• Elsewhere – used more in third-world countries and 
somewhat in United Kingdom

• Banned in some countries, prime response in others



Initial Deepwater Horizon Dispersant 
Application was Outside the Plume



Surface Dispersant Application –
Deepwater Horizon



Exxon Valdez – application to emulsified 
oil in Gulf of Alaska - unsuccessful

Before or 
after 
application 
– slicks 
appeared 
to be same



The Issues Regarding Dispersants
• Many subjects – but three primary research issues:

• Effectiveness – Do dispersants really work on the oil under 
consideration?

• Toxicity – Does adding the dispersant make the oil more or 
less toxic?

• Biodegradation or Fate of the oil – How does adding 
dispersants affect the oil?



Effectiveness
• Will the dispersant and its application be effective on the 

target oil?

• Define effectiveness – 50% - 100%? – Or, wouldn’t it have to 
be effective enough to protect wildlife (birds and 
mammals) & the shoreline?

• What if dispersants were 
applied and there still was
significant oiling of wildlife 
and shoreline?

• Alaskan issues ~ cold water
fresh water, layering/lensing



Toxicity
• Major considerations: 

1. if dispersants are effective, 
much more oil is put into the 
water column
2. Dispersants make PAHs and 
other oil chemicals that are toxic to marine life more bioavailable in 
the water.

• Some toxicologists find that mechanically-dispersed oil has 
about the same toxicity as chemically-dispersed oil

• Some toxicologists find that chemically-dispersed oil is 
more toxic to fish and aquatic life



Fate and Biodegradation
• Question is – Do Dispersants change or alter the 

degradation rate and fate of oil?”

• Oil degrades to various other compounds – mostly 
oxygenated compounds – how do dispersants change this?

• Small part of oil goes to CO2 - this complete 
biodegradation is called mineralization

• Are other fates changed with the use of dispersants?



Effectiveness
• Not much research in the last review period (2014-2017) 

• Marked by some continuation of laboratory testing and some 
tank testing using non-standard methodologies

• Some discussion on ‘viscosity cutoff’ – the point at which 
dispersants might not work well any more – ‘viscosity cutoff’ 
doesn’t exist – it’s more a matter of oil chemical composition –
also issue is how effective is effective (discussed earlier)

• Much discussion on effectiveness of Deepwater Horizon 
applications



Question re: Deepwater Horizon
• If dispersants were so effective, why did so much 

shoreline oiling take place and why were so many 
birds and other wildlife oiled?

• No specific studies done on effectiveness either subsea or 
on-sea

• The effectiveness on DWH remains open to question

• Analytical techniques for at-sea, laboratory and tank tests 
need improvement



Swirling Flask Test – Oil Rising after 96 
hours



Aquatic Toxicity
• Very extensive studies carried out – not only involving basic 

toxicity tests but also chronic testing with many different 
end-points

• Deepwater Horizon resulted in extensive funding – mostly 
to established research groups

• There were about 220 individual tests by 25 research 
groups

• The majority of these studies concluded that the addition 
of chemical dispersants did not significantly add to the 
toxicity of the oil, but did increase the amount of oil in the 
water and the bioavailability of the oil chemicals, often by 
orders of magnitude



Findings: most find chemically-dispersed oil 
more toxic than mechanically-dispersed



Why would chemically-dispersed oil be 
more toxic than mechanically-dispersed
• The use of dispersant drives PAHs into the water column

• These dissolved PAHs are toxic and bioavailable in the water 

• The concentration of bioavailable PAHs in the water is 
generally much lower with mechanically dispersed oil

• Some researchers also indicate that chemically-dispersed oil 
may be more bioavailable

• In most studies, it was found that CEWAF (Chemically-
Dispersed) oil was from slightly to 1.5 to 100 to as much as 
500 times more toxic than the WAF (Mechanically-dispersed) 
oil



Toxicity-testing Lab



Effects on Other Biota or Wildlife
• Corals are severely damaged by oil but especially by 

dispersed oil and dispersants

• Corals up to 14 km away from well head were severely 
damaged during the Deepwater Horizon blowout – but 
mostly by sedimented oil

• Birds show eye irritation indications with dispersants

• Dolphins show indications of genetic effect from dispersants



Damaged Corals – Deepwater Horizon



Biodegradation & Fate of Spilled Oil
• Was extensively studied in this time period

• Biodegradation, which is degradation to any carbon species, 
is often confused with degradation to CO2 which is called 
‘mineralization’

• Mineralization is true conversion of oil to harmless molecules

• Most biodegradation results in conversion of oil components 
to other species, usually oxygenated, which are sometimes 
more toxic than the starting oil



Results of Recent Studies
• Most authors conclude that dispersants suppress biodegradation: 
- 11% of the reviewed papers showed neutral results; 
- 22 % showed positive results (notably - all industry funded); and 
- 67% of studies showed negative results (suppressed biodegradation)

• The reason suggested is that some components of dispersants are 
toxic to some biodegrading bacteria and not others

• This results in a species shift and a delay in biodegradation

• Also, past research shows that dispersants can coat oil droplets and 
make them less available to the bacteria degraders 



Shift of Species
• Several studies show that the presence of dispersants alters 

both the numbers and succession of hydrocarbon 
degrading organisms

• This is the result of selective toxicity of dispersants to some 
species while other species are tolerant of dispersants

• The end result of this number and succession shift is 
generally a reduction in biodegradation compared to a 
situation where dispersants are not used

• Another result is that certain components of oil are 
degraded faster or slower than they would be if 
dispersants were not used



Results of Studies – most studies, about 2/3, 
show that dispersants slow biodegradation



Laboratory Biodegradation Study



Marine Snow Formation

• Marine snow is the formation of mucous-like agglomerates 
including oil 

• Marine snow is produced in spills and is increased by the 
presence of dispersants

• As much as 14% of all the DWH oil may have been 
sedimented to the sea floor as marine snow
• Implications for other spills…?

• This changes the mass balance calculation of the DWH 
significantly



Marine Snow with Oil 



Fate is Impacted by Dispersant Use 
• As noted already, dispersants change the rate and 

direction of biodegradation

• Dispersants enhance the oil and PAH concentration in the 
water column

• Dispersants increase BTEX concentration in water

• Few long-term studies on fate differences between 
dispersed and not dispersed



Other Topics



Dispersant Monitoring Protocols
• It has become apparent that new protocols are needed 

to monitor application effectiveness and effects

• PWS RCAC put forward new protocols for Alaska

• Improvements include: 
• use of a field effectiveness test to pre-screen effectiveness; 
• Use of a pre-application survey to look for biological resources;
• new guidelines for visual observation of effectiveness; 
• use of modern instruments that measure particle size with 

integration to total oil measurements; and
• sampling and analysis of water below slicks; and shipboard toxicity 

measurements



Dispersion Stability
• Research shows that oil dispersions are not stable and can 

resurface

• Need more prominence given to this phenomenon

• Many presume that dispersions are ‘stable’ or ‘permanent’ 
– when they are not



Sub-surface Application
• Much dispersant was applied sub-sea during the 

Deepwater Horizon blowout

• It is not known whether this was effective or positively 
affected the outcome – papers on both sides

• Most studies have used modeling

• There have been no direct experimental studies to date



Human Health Studies – 2
• What is the cause of the respiratory difficulties?

• Probably enhanced nano-droplet production resulting 
from the use of dispersants (aerosolization)

• Two independent studies showed that the numbers of 
nano-droplets increased by a factor of 10 to 100 times 
when dispersant used than when not



Research Recommendations
• Too much money is being spent on dispersants compared 

to other countermeasures – especially skimmers

• Second, use expert subject area scientists – like many of 
the new studies after the Deepwater Horizon spill studies

• Third, minimize the use of consulting houses – focus on 
expert subject area scientists

• Fourth, ensure that literature is reviewed



Specific Recommendations
• Review stability of emulsions and apply to dispersants

• Use as much data as possible from real applications

• Review 2017-18 National Research Council Dispersants 
Committee recommendations

• Do some studies on ‘fin and feather’ issues

• Look for gap areas

• Define what are the true benefits of dispersant uses vs. 
hypothetical



Summary
• This period review (2014-2017) saw a large increase in 

papers – mostly peer-reviewed

• In four reviews (1997- 2017) more than 1300 papers 
reviewed, with more than 350 in the last review

• Many studies were very scientific in last review period –
much better than before, a good trend!



Conclusions (looking at the three key 
research issues) 
• Toxicity –

• Most studies found that chemically-dispersed oil was more toxic to 
aquatic life than mechanically-dispersed oil

• Dispersants increase PAHs and BTEX in the water column

• Biodegradation and fate –
• Most studies found that dispersants slow the biodegradation of oil
• Dispersants change the population of different degrading 

genotypes and thus results in a biodegradation rate and type 
change



Conclusions (continued)
• Effectiveness –

• There is still a question of “is a dispersant application “effective” if 
there is still shoreline oiling and seabird and marine mammal 
oiling?”

• Marine Snow – results in large amounts of oil on the sea floor, this is 
accelerated by use of dispersants



Questions?


