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Overview 
• The Scientific Method 

• Test Facility & Field Test Descriptions 

• Functional Norms 

• Dispersant Testing & Effectiveness 

• Crude Oil Toxicity 

• Transferability to Operational Setting 

• Mitigating Consequences Through Policy 
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Understanding Key Oil Properties 

• Specific Density (SD) Describes if Substances Float on Water 
o Values >1 sink 

o Values <1 float 

 ANS Crude:  SD= 0.88-0.93 

• Pour points describe temperatures at which liquids become semi-solid 
o ANS Crude:  PP= -8 °C 

• High viscosity reduces dispersability.  Temperature affects oil viscosity 
o V= 29-34cP at 0C & 14-16cP at 15°C 

• Natural vs. Chemically Enhanced Dispersion 

• Sedimentation and adherence can alter buoyancy 
o Turbid coastal waters typically have increased turbidity, sedimentation, and risk 
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How We Know What We Know   
• Academic Research 

• US Testing Primarily at OHMSETT (Leonardo, NJ)  

• USCG’s Research & Development Center (New London, CT) 

• Field Tests in Norway, Canada, France, Netherlands, the UK, and US 

• Operational Case Studies from Major Spills  

• Scientific Method 
o Pros:  Controlled, Measured, Accurate, Repeatable, Conducive to 

Hypothesis Testing and Precise Experimentation, Peer Reviewed by SMEs, 
Published, Criticized, Refined, and Produces Results/Recommendations 

o Cons:  Scale is Often Limited, Precise Environmental Replication is Often 
Limited, Describe Results Within Specific Parameters, Results Only Describe 
Measured Endpoints, Waste Management, Cost 
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OHMSETT Testing 

• 610’ L x 60’ W x 10’ D 
• 2.6 million gallon test tank 
• Filled with saltwater (26.7 ppt) 

• Source oil:  Blended Cook Inlet and ANS Crude 
• 5 treatments, 3 replicates each 

• (Corexit 9500, Finasol, Accell, ZI 400, Control) 
• Air temp:  23°F – 48°F  

• Avg:  34°F 
• Surface water temp:  26°F - 32°F 
• Surface application via spray bar 
• 20 minute tests 
• Breaking wave every 4-6 waves 

 

Test Conditions 
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Comparative Dispersant Test Results 

*Droplet ≤70 µM remain dispersed.  Larger droplets resurface.   

Dispersant Type Median Droplet Size (uM)* 
 

Mean % Effectiveness % Improvement 
Over Control 

Comments 

Corexit 83.85 72.7 46 No foam or freezing, 
minimal resurfacing 

Finasol 95.28 72.2 45 Greater viscosity, 
needs 5% more 

pressure to spray, 
minimal resurfacing 

Accell 138.37 51.3 25.7 Droplets remain 
shallower than others 

ZI 400 382.98 45.7 -0.8 Major surface 
foaming and oil 

resurfacing.  Product 
froze in nozzles 

Control 457.26 49.8 --- 
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Functional Norms 

• Authors summarized 54 field tests to establish operational norms 

Highlights 

• Most hydrocarbon stay in upper <10m 
• Oil concentrations quickly decline below 2m 
• [TPH] averages 10mg/L in upper 10m in 1st hr 

• Measured range equals 1-150 mg/L  
• Typically dilutes to around 1mg/L within 5 hrs 

• 3-5 ringed PAHs are more abundant in CEWAF than WAF 
o PAHs exist within any plume, but dispersants change their  
       location (i.e. water column vs. surface) 

• High viscosity fuels, like HFOs, disperse poorly 
• Field tests range from 1:1 to 1:67, but show optimal DOR at 1:20 
• Lab tests support 1:20 dispersant/oil ratios 
• 90% of slick lies within 10% of slick area 

• Intra-slick thickness may vary by 5 orders of magnitude, so  

      maintaining appropriate DOR can be challenging 

• Aerial platforms can improve application accuracy 
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Oil Toxicity 

• Gametes & free swimming larvae are most sensitive 
life stages 
o Gamete viability (EC50 for fertilization rate) dramatically 

reduced at 0.32% (v/v) for 1hr exposure 

• Embryo sensitivity greatest during 1st 24hrs post-
fertilization 
o Chorion hardening confers partial resistance after 

fertilization 

• [Exposure] 4x more important to free swimming 
embryo mortality than exposure duration (through 
10dpf) up to 3% (v/v) 

• BSD couldn’t be induced 11dpf at 3% (v/v) 

• Dispersant exposure, alone, not different from 
control water (NAS Report, 2005) 

 

 

Representative Herring Data 
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Data Applicability 

• Toxicity begins with exposure, which isn’t automatic  
• Constant exposure lethality much greater than spiked /  
      attenuated treatments (WAF LC50=7x lower;  
      CEWAF=5-27x lower) 
       - Decisions from spiked/attenuated treatments are more  
          more ecologically relevant 
• Species Sensitivity Distributions (SSDs) reveal inter-species  
variation 

Findings 
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Generalizations 
• The Dose Makes the Poison 

• Life stage at exposure often more important than exposure concentration 
when predicting effects 

• Exposure Duration is Much Less Important Than Concentration or Life Stage 
when Exposed 

• SIMAP Model Predicts Weathered Crude (for 10h) is 4x Less Toxic 

Note:   
• Maximum [TPH] during DWH reached 2 mg/L at 1m depth approx 30 minutes after 

surface dispersion   

• Subsea concentrations ranged from 0.03-0.07mg TPH/L near source  
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Persistence Depends on: 

• Mixing energy (wave action/sea state) 

• Temperature 

• Chemical composition  

• Weathering state 

• Water flow rate 

• Wind Speed 

• Adsorption/Sequestration in soil/water/sediment/vegetation/biota 

Dispersability Depends on: 

• Salinity  

• Emulsification state 

• Application rate (dosage) 

• Means of application  

• Maintaining appropriate dispersant : oil ratios 
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Wise Policy Utilizes Scientific Knowledge to Reduce Risks 

Science: 

• Dispersed oil typically sinks ≤30’ 
• Gametes, embryos, & newly hatched fish 

are most vulnerable 
 

• Critical habitat has disproportional 
importance 

• Crude oil is highly toxic to many species 
 

• Weathering and environmental variables 
affect dispersability.  Oil changes 
constantly  

• Effectiveness reduced with time 
• Precise application becomes challenging 

in high winds 
• Refined product dissipates rapidly, 

complicating dispersant efficacy 

Policy: 
• Policy calls for use in waters ≥60’ deep 
• Policy avoids freshwater and nearshore application 

to protect many species.  Diffusion, depth, and 
seasonality protect others   

• Preauthorization area begins 24nm offshore.  
Avoidance areas identified 

• Spotter planes locate bait balls, rafting birds, marine 
mammals, haul-outs.  Daylight application only  

• Pilot tests precede full scale use every operational 
period, and SMART Tier III monitoring characterizes 
success 

• Preauthorization only valid prior to 96hrs post-spill 
 

• High winds favor natural dispersion.  Dispersants 
discouraged in winds >27mph 

• Preauthorization only applies toward crude oil spills 
 

12 



References and Questions 
• Bejarano AC, Clark JR, & Coelho GM. 2014. Issues and Challenges with Oil 

Toxicity and Implications for Their Use in Decision Making: a quantitative 
Review. Environ Toxicol Chem. 33(4):732-742.  

• Fiocco R, Lewis A.  1999.   Oil Spill Dispersants.  Pure Applied Chem. 71:27-
42.   

• Lessard RR, Demarco G.  2000.  The Significance of Oil Spill Dispersants.  
Spill Sci Technol Bull.  6:59-68.   

• McIntosh S, King T, Wu D, and Hodson PV.  2010.  Toxicity of Dispersed 
Weathered Crude Oil to Early Life Stages of Atlantic Herring (Clupea 
harengus). Environ Toxicol Chem.  29(5): 1160-1167.  

• National Research Council.  2005. Oil Spill Dispersants:  Efficacy and Effects.  
The National Academies Press, Washington, DC, USA.  

• Nichols JA and Parker HD.  1985.  Dispersants:  Comparison of Laboratory 
Tests and Field Trials with Practical Experience at Spills.  Proceedings, 1985 
Oil Spill Conference. February 25-28, 1985, Los Angeles, CA, USA. American 
Petroleum Institute, Washington, DC, pp 421-427.   

13 


