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Summary 
The objective of this study was to determine if Ohmsett, including the existing filtration system 
and filter media, is suitable for testing biofuel spill response techniques. 
 
The physical and chemical properties of various biofuels (biodiesels and gasoline/ethanol blends) 
were reviewed to determine if they pose any handling problems or exposure risks to personnel at 
Ohmsett. It was quickly determined that the testing of ethanol/gasoline blends (aka gasohol) at 
Ohmsett should not be contemplated because: 

1.The release of these products on the tank would pose a significant fire and vapor hazard; and, 
2.The ethanol would rapidly and completely dissolve in the tank water and pose a significant 

cleanup problem. 
 
Only biodiesels should be considered for testing at Ohmsett. The various pure biodiesels (aka 
B100) are relatively benign, pose no acute risk to humans if used at ambient temperatures, can be 
considered non-combustible and require no hazard warning labels. No special PPE is required 
for handling pure biodiesels under normal operating conditions. Biodiesel blends (up to 20% 
by volume, or B2, B6, B20, etc.) with petroleum-derived diesel fuel are considered a flammable 
liquid. The petroleum diesel component of the blends imparts inhalation, ingestion and possible 
carcinogenic risks. The handling and PPE requirements for these blends are the same as for the 
pure petroleum component. 
 
The compatibility of the Ohmsett oil storage and distribution system with the chemical 
constituents of various biofuels and blends was assessed. Of prime concern are elastomeric 
components (such as hoses and gaskets) that may be adversely affected by the pure 
biodiesels. Of secondary concern are “yellow” or “red” metals (such as brass, bronze, 
copper, lead, tin and zinc) that will accelerate oxidation of the pure biodiesel and create 
insoluble sediments or gels and salts in the fuel. Biodiesel blends of 20% or less (i.e., B6-20) 
have shown a much smaller effect on these materials. Improper or lengthy storage of pure 
biodiesel or biodiesel blends can result in oxidation and the formation of corrosive materials 
(including organic acids, water, and methanol) that can adversely affect vulnerable materials. 
Unless they are used within a few months, biodiesel and biodiesel blends should be 
stabilized with antioxidants. 
 
Biodiesels are mild surfactants. B100 on the tank water at Ohmsett will naturally disperse 
much more easily than petroleum diesels. This may result in much more contamination of tank 
water requiring remediation by filtration than is normal during skimmer tests with the usual 
Ohmsett test oils or crude oils. Biodiesel blended with diesel can cause dispersion of diesel into 
the water column in blends as low as B10 to B20. This characteristic of biodiesels may also 
necessitate careful handling when moving surface biodiesel slicks to the sluice gate with fire 
hoses and processing it in the oil refurbishing systems.  
 
Biodiesel, particularly blends with higher concentrations than B20 is hygroscopic (picks up 
water) and can hold between 1200 and 2500 ppm water in solution. Recovered biodiesel from 
tests on the Ohmsett tank will contain water that will dramatically increase the 
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biodegradation rate of the biodiesel and acidification. The presence of a water-biodiesel 
interface in a slops or waste storage tank can produce very acidic conditions, with commensurate 
increases in metal corrosion rates, and result in rapid microbial growth in the tank. Internal 
corrosion in biodiesel storage tanks due to the presence of water and microbial growth is not 
prevented using corrosion mitigation tools such as cathodic protection. 
 
Biodiesel degrades about four times faster than petroleum diesel. Within 28 days, pure biodiesel 
degrades 85 to 88 percent in water. Dextrose degrades at the same rate. Blending biodiesel with 
diesel fuel accelerates its biodegradability. Long-term storage of recovered biodiesel is not 
recommended and prompt disposal of the slops will be necessary. Disposal of pure biodiesel 
waste products can be considered non-hazardous. 
 
Laboratory filtration tests with pure Canola, Soy and Tallow biodiesels showed that the 50:50 
mix of Diatomite and cellulose normally used on the leaf filter to clean the tank after 
dispersant testing was effective in removing both biodiesel droplets and chemically 
dispersed biodiesel droplets. 
 
Further laboratory tests showed that powdered activated carbon treatment of the tank water 
will effectively remove dissolved Corexit 9500 from the water in the presence of 3 ppm each 
of the Canola, Soy and Tallow biodiesels. 
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1 Introduction 

The use of biofuels (gasoline blended with ethanol and biodiesels) is being actively encouraged 

by government and industry to diversify energy sources for the transportation sector. While the 

potential benefits of biofuels are great, the best way to respond to spills of these fuels and blends 

is unclear. The introduction of biofuel blends into petroleum fuels changes their physical 

properties and chemical makeup and thus may change the effectiveness of current spill 

mitigation and cleanup procedures (Hollebone et al. 2008). Well-researched spill response 

techniques will be crucial to support the development and promotion of the biofuel industry. 

 

Recently, research has begun at the laboratory and bench scale on countermeasures for biofuel 

spills on water (Cooper et al. 2008, Hollebone and Yang 2009). The next logical step is to 

continue this research at larger scales at Ohmsett; however, before doing this it is prudent to 

confirm that the various systems at Ohmsett will be compatible with biofuel physical and 

chemical properties and that the tank remediation systems will work with biofuels. 

1.1 Background 

Biofuels (bio-diesels and gasoline/ethanol blends) are becoming more prevalent in the 

marketplace. For example, presently there are 179 plants that can produce a combined 2.69 

billion gallons of biodiesels annually in the continental U.S. (http://www.biodiesel.org). Since 

biofuels have physical and chemical properties different than the petroleum products that they 

are replacing, it is inevitable that interested parties will request testing of potential 

countermeasures for spills of biofuels at Ohmsett. At present, the implications of testing biofuel 

spill response techniques for the facilities and personnel conducting tests at Ohmsett are 

unknown. 

1.2 Objective 

The objective of this study was to determine if Ohmsett, including the existing filtration system 

and filter media, is suitable for testing biofuel spill response techniques.  
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1.3 Goals 

More specifically, the goals of the study were to: 

1. Research the physical and chemical properties of various biofuels to see if they pose any 

handling problems or exposure risks to personnel during use at Ohmsett, and what 

procedural changes and/or PPE would be appropriate to minimize the risks. 

 

2. Ascertain if the oil storage and distribution systems are compatible with various 

unweathered biofuels and their chemical constituents. 

 

3. Determine if the tank cleaning and vacuum system are capable of safely removing biofuel 

from the surface and bottom of the tank. 

 

4. Verify, through small-scale testing, whether the existing leaf filter coated with the blend 

of cellulose and diatomaceous earth filter aids presently used for dispersant testing, can 

effectively remove dispersed biofuel droplets from the tank water. Also, determine 

whether dispersed/dissolved biofuel will interfere with the removal of dissolved 

dispersant by the powdered activated carbon system. 
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2  Physical and Chemical Properties of Biofuels 

The published physical and chemical properties of various biofuels (biodiesels and 

gasoline/ethanol blends) were compiled and reviewed to determine if they pose any handling 

problems or exposure risks to personnel during use at Ohmsett. It was quickly determined that 

the testing of ethanol/gasoline blends (aka gasohol) at Ohmsett should not be contemplated 

because: 

3. The release of these products on the tank would pose a significant fire and vapor hazard; 

and, 

4. The ethanol would rapidly and completely dissolve in the tank water and pose a 

significant cleanup problem. 

 

Only biodiesels should be considered for testing at Ohmsett. 

 

The properties of typical biodiesels and biodiesel/petroleum diesel (petrodiesel) blends are given 

in Table 1. 

 

Representative MSDS sheets are provided as reference material for Ohmsett safety review 

purposes.  

 

MSDS for B100  

 

MSDS for B6-20 

 

To summarize, the various pure biodiesels (aka B100) are relatively benign, pose no acute risk to 

humans if used at ambient temperatures, can be considered non-combustible and require no 

hazard warning labels. Overheated pure biodiesels (above ~ 130°C [266 °F]) may pose a vapor 

inhalation risk. No special PPE is required for handling pure biodiesels under normal operating 

conditions. Where splashing of the product is possible, safety glasses with side shields are 

recommended. Breathing apparatus is required only when aerosol or mist is formed. 
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Biodiesel blends (up to 20% by volume, or B2, B6, B20, etc.) with petroleum-derived diesel fuel 

are considered a flammable liquid. The petroleum diesel component of the blends imparts 

inhalation, ingestion and possible carcinogenic risks. The product must carry the following 

OSHA label “Aspiration (inadvertent suction) of liquid into the lungs can produce chemical 

pneumonia or even death. Produces skin irritation upon prolonged or repeated contact.” 

Respiratory protection is required only when the product produces vapor that exceed permissible 

levels or excessive vapors are produced. No special protective clothing is normally required. 

Neoprene, nitrile, polyvinyl alcohol (PVA), polyvinyl chloride and polyurethane gloves should 

be worn to prevent skin contact. Where splashing of the product is possible, safety glasses with 

side shields are recommended. 

 

Table 1. Physical properties of typical biodiesels and blends. 

 

 B100 B6-20 

Appearance  Amber Liquid  Clear to Amber Liquid 

Physical state   Liquid  Liquid 

Substance type   Mixture  Mixture 

Color  Amber  Clear or Amber 

Odor  Slight  Slight Hydrocarbon 

Molecular weight  290  180 

pH  Neutral  Neutral 

Boiling Point, ºC (ºF)  315–350 (599–662) 180–340 (356–644) 

Flash Point, ºC (ºF)  100–170 (212–338) 60–80 (140–176) 

Pour Point, ºC (ºF)  -5 to 10 (23 to 50) -35 to -15 (-31 to 5) 

Specific gravity  0.87 @ 25 °C  Approx. 0.8 @ 25 °C 

Density  7.35 lbs/gal  6.76 lbs/gal 

Vapor density  No data available.  4-5 

Vapor pressure  <1 mm Hg @ 72 °C  1-10 mm Hg @ 100 °F 

Solubility (equilibrium) 20–100 ppm  20–40 ppm 

Viscosity 4.0–6.0 @ 40 °C  1.9-3.4 @ 40 °C 
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3 Compatibility of Oil Storage and Distribution Systems 

The compatibility of the Ohmsett oil storage and distribution system with the chemical 

constituents of various biofuels and blends was assessed. Of prime concern are elastomeric 

components (such as hoses and gaskets) that may be adversely affected by the biofuels. Of 

secondary concern are “yellow” or “red” metals (such as brass, bronze, copper, lead, tin and 

zinc) that will accelerate oxidation of the biodiesel and create insoluble sediments or gels and 

salts in the fuel. 

 

With prolonged exposure, B100 can degrade; soften; or, seep through filter media, hoses, gaskets 

seals, elastomers, adhesives and plastics. Binders used in cellulose (paper) filters, polypropylene, 

Buna or Nitrile rubber, polyvinyl and Tygon materials are particularly vulnerable to B100. 

Materials such as Teflon, Viton, fluorinated plastics and Nylon are compatible with B100. Table 

2 (from the National Renewable Energy Board Report NREL/TP-540-43672) gives specific 

materials compatibility for B100 (whose chemical name is methyl oleate). 

 

Most tanks designed to store diesel fuel will be adequate for storing B100. Acceptable storage 

tank materials include aluminum, steel, fluorinated polyethylene, fluorinated polypropylene, 

Teflon, and most fiberglass. Lead solders and zinc linings should be avoided, as should copper 

pipes, brass regulators, and copper, brass or bronze fittings. The fuel or the fittings will tend to 

change color and the insolubles generated on contact with these metals may plug filters. 

Potentially affected equipment should be replaced with stainless steel, carbon steel, or aluminum.   

 

Biodiesel blends of 20% or less (i.e., B6-20) have shown a much smaller effect on these 

materials. The effects are virtually non-existent in low-level blends such as B2. When handling 

blends of B20 or less normal monitoring of hoses and gaskets for leaks is sufficient. Blends of 

B20 and lower reduce the impact of metal compatibility issues.  

 

 

 



 

 

Table 2. B100 materials compatibility. 
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In some cases the storage of crude or other test oils used at Ohmsett leaves a deposit in the 

bottom of fuel lines, tanks, and delivery systems over years of time. Biodiesel acts as a cleaning 

agent and can dissolve these sediments and result in fluid contamination until the whole system 

has been cleaned of the sediments left by the previous fuel. This phenomenon has not been 

observed with B5 and lower blends, and may occur when first using B20 or higher. The cleaning 

effect of B20 and lower blends occurs only with systems that have significant amounts of 

sediment. Although experience is limited, with higher blend levels than B20 if any sediment is 

present it is picked up almost immediately by the biodiesel.  

 

When biodiesel made from soybean oil is blended at 2% by volume with average No. 2 

petrodiesel, the cold flow properties of the finished B2 blend are similar to those of the 

petrodiesel alone. With B20, the cold flow properties of the blend can be 3-10 °F higher than 

average No. 2. There can be more biodiesel impact when using biodiesel from different 

feedstock (Table 3) or with lower gelling diesel fuel. In some cases, the increased gel 

temperature of B20 is within the variability seen with petrodiesel from supplier to supplier and 

no further precautions are needed in cold weather but it is always good to measure the cold flow 

properties of a biodiesel blend. As biodiesel components greater than B20 are added, the cold 

flow properties become more like the B100. Table 3 lists the cloud and pour points of various 

B100 biodiesels. Care must be taken to be sure a biodiesel or blend will not gel in cold 

conditions while in storage at Ohmsett.  

 

Improper or lengthy storage of biodiesel or biodiesel blends can result in oxidation and the 

formation of corrosive materials (including organic acids, water, and methanol) that can 

adversely affect vulnerable materials. Although only limited research has been done on this 

issue, tests indicate the degree of oxidation may be more important than the concentration of 

biodiesel. Unless they are used within a few months, biodiesel and biodiesel blends should be 

stabilized with antioxidants to reduce compatibility issues. 
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Table 3. Cloud and Pour Points of Various Types of B100 Biodiesels 

 

Finally, biodiesel is generally more susceptible than petroleum to microbial degradation. In the 

case of spills in the environment, this is a positive attribute because they biodegrade more 

rapidly. However, microbial contamination of fuel storage tanks can plug dispensers and filters. 

This is not unheard of for petroleum diesel, but anecdotal evidence suggests it is a greater 

problem for biodiesel blends. The best way to deal with this issue (for both petroleum diesel and 

biodiesel) is adequate fuel storage tank housekeeping and monitoring, especially eliminating 

water in contact with the fuel. Water bottoms must be removed from tanks, and standing tanks 

should be sampled and tested for microbial contamination. 
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4 Suitability of Tank Cleaning and Vacuum System 

In this task, the compatibility and operability of the tank cleaning systems (tank sweeping 

booms, sluice gate system, oil refurbishing system and bottom vacuum system) with biofuels 

was evaluated. The purpose was to determine if the physical and chemical properties of biofuels 

and their blends with petroleum products could pose any problems with the effective operation of 

the systems.  

 

The same materials compatibility issues noted above for the oil storage and distribution systems 

will apply to the tank cleaning and vacuuming equipment as well.  

 

In terms of sorbent use with biodiesels, biodiesel pick-up is very similar to that of petroleum of 

same viscosity for most sorbent types. 

 

Biodiesels are mild surfactants. B100 on the tank water at Ohmsett will naturally disperse much 

more easily than petroleum diesels and form a white, milky emulsion. This may result in much 

more contamination of tank water requiring remediation by filtration than is normal during 

skimmer tests with the usual Ohmsett test oils or crude oils. Biodiesel blended with diesel can 

cause dispersion of diesel into the water column in blends as low as B10 to B20. This 

characteristic of biodiesels may also necessitate careful handling when moving surface biodiesel 

slicks to the sluice gate with fire hoses and processing it in the oil refurbishing systems.  

 

Biodiesel, particularly blends with higher concentrations than B20 is hygroscopic (picks up 

water) and can hold between 1200 and 2500 ppm water in solution. Recovered biodiesel from 

tests on the Ohmsett tank will contain water that will dramatically increase the biodegradation 

rate of the biodiesel and acidification. The presence of a water-biodiesel interface in a slops or 

waste storage tank can produce very acidic conditions, with commensurate increases in metal 

corrosion rates, and result in rapid microbial growth in the tank. Internal corrosion in biodiesel 

storage tanks due to the presence of water and microbial growth is not prevented using corrosion 

mitigation tools such as cathodic protection. 
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Biodiesel degrades about four times faster than petroleum diesel. Within 28 days, pure biodiesel 

degrades 85 to 88 percent in water. Dextrose (a test sugar used as the positive control when 

testing biodegradability) degrades at the same rate. Blending biodiesel with diesel fuel 

accelerates its biodegradability. For example, blends of 20 percent biodiesel and 80 percent 

diesel fuel degrade twice as fast as #2 diesel alone. As such, long-term storage of recovered 

biodiesel is not recommended and prompt disposal of the slops will be necessary. 

 

Disposal of pure biodiesel waste products can be considered non-hazardous. 
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5 Filtration and Powdered Activated Carbon Systems 

The effectiveness of the leaf filter system for removing dispersed oil droplets and suspended 

solids from the tank water, and the powdered activated carbon system for removing dissolved 

dispersant from the tank water, after biofuel testing was assessed. This was accomplished by 

small-scale laboratory testing with three types of pure biodiesel: Canola, Soy and Tallow. The 

samples were obtained from Environment Canada’s Environmental Science and Technology 

Service in Ottawa. Vacuum flask tests (Figure 1) to emulate the existing leaf filter coated with a 

50:50 blend of Diatomite FW-60 (a diatomaceous earth filter aid) and the cellulose filter aid 

presently used to clean the tank of dispersed oil droplets after dispersant testing, were conducted 

to determine if these can effectively remove dispersed biofuel droplets from the tank water. In 

addition, laboratory testing was conducted to see whether biofuel test residues will interfere with 

the removal of dissolved dispersant by the Ohmsett powdered activated carbon system. The test 

procedures used were based on those employed to develop the present dispersant effectiveness 

testing and tank cleanup protocols (SL Ross 2000, 2002 and 2003). 

 

 Figure 1. Laboratory test setup. 
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5.1 Filter Aid Tests 

The analytical instrument used to measure dispersed oil and dispersant in water was a Horiba 

OCMA-350 non-dispersive infrared oil content analyzer. This instrument measures the 

absorption of IR light by a sample in the 3.4 to 3.5 µm wavelength range. This is the wavelength 

of light absorbed by the C-H bond. In order to measure the oil content of a sample of water, it is 

shaken with a solvent that extracts the hydrocarbons. The solvent used was IR-spectroscopy 

grade perchlorethylene (also known as tetrachloroethylene). 

 

The tests were intended to simulate the operation of the Ohmsett leaf filter, but the loadings of 

filter aid (both the pre-coat and the body-coat) used were higher than those that are used at 

Ohmsett. The purpose of this was to ensure that any beneficial effects of the filter aids would be 

easily detected. The tests involved filtering samples of distilled water contaminated with about 

50mg/L of each the three biodiesels, and each of the biodiesels pre-mixed with1:20 Corexit 

9500. All samples were stirred with a magnetic stirrer to ensure thorough dispersion of the 

oil/dispersant into the water prior to extraction and/or filtering. The filter used was a ceramic-

type Buchner funnel fitted with medium-to-fine Fisher brand P8 filter paper (5.5 cm diameter) 

and placed on a 1-L glass Kimax filter flask. A water-tap aspirator provided vacuum. Prior to a 

filter test, a “pre-coat” of filter aid was placed on the filter paper. This involved mixing a slurry 

of 6 g of Diatomite and 6 g of cellulose in 200 mL of tap water and filtering the slurry (as a 

comparison, this is about four-times as much pre-coat as would be normally used on the Ohmsett 

leaf filter). For a test, 6 g of Diatomite and 6 g of cellulose was mixed with 500 mL of the 

contaminated water and filtered (this is about a 50-times greater concentration of filter aid in the 

body-coat slurry than would be used with the Ohmsett leaf filter). 

 

The measurement with the Horiba OCMA-350 of the concentration of biofuel and/or dispersant 

in the samples proved particularly vexing. In the end it proved necessary to record the absolute 

absorbance of the samples, as the “zero” setting for the analyzer with each individual biodiesel 

and biodiesel with Corexit 9500 combination was different for pre-filtered and post filtering 

samples. Figure 2 shows the results for the filtering tests. 
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Figure 2. Filter aid test results for each biodiesel with and without dispersant. 

 

The 50:50 mix of Diatomite and cellulose was effective in removing both biodiesel droplets and 

chemically dispersed biodiesel droplets. One interesting observation was that the concentration 

of chemically dispersed biodiesel was consistently less than the concentration of naturally 

dispersed biodiesel, in the same level of mixing energy. 

 

5.2 Powdered Activated Carbon Tests 

Simple tests were undertaken to determine whether or not the presence of dispersed biofuel 

droplets in the water would prevent the Ohmsett powdered activated carbon (PAC) system for 

removing dissolved dispersant from functioning. This laboratory-scale test involved treating a 

volume of water premixed with 10 ppm of Corexit 9500 and containing 3 ppm each of the 

Canola, Soy and Tallow biodiesel with 50 ppm Nuchar SN PAC. The presence of dispersant was 

determined by measuring the interfacial tension of the water and USP grade mineral oil (see SL 
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Ross 2003 for an explanation of this technique). Figure 3 presents the results. It is clear that the 

PAC treatment does effectively remove dissolved Corexit 9500 from the water in the presence of 

3 ppm each of the Canola, Soy and Tallow biodiesels. 
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Figure 3. Effect of biodiesels on PAC treatment of dispersant-contaminated water. 
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