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ABSTRACT: This summary of current protocols and on-going re-
search for effectiveness and toxicity testing of chemical agents also 
discusses data interpretation and analyses for these tests. In addition, a 
decision tree to provide an initial framework for discussing the develop-
ment of authorization for the use of chemical treating agents is proposed. 
For the purposes of the study, chemical treating agents include herding 
agents, emulsion treating agents, elasticity modifiers, solidifiers, shore-
line cleaning agents, shoreline pretreatment agents, and dispersants. 

Considerably less information exists on appropriate response op-
tions and techniques to minimize environmental damage from oil spills 
in inland waters than for marine oil spills. Freshwater oil spills are more 
common than the highly publicized marine spills, and have a greater 
probability of contaminating water supplies, impacting population 
centers, and affecting other shoreline structures or facilities. Greater 
water currents, closer shorelines, and potential for floods can be more 
important factors for freshwater than for marine environments. Spills 
in freshwater are also more likely to be lighter-weight crude oils and 
refined products. Traditional mechanical techniques, such as booms 
and skimmers, are often limited by encounter rates, weather, and 
current conditions. Additional techniques such as chemical agents or 
in-situ burning are available to enhance the capabilities of mechanical 
countermeasures in controlling the impacts of significant freshwater oil 
spills. 

Chemical oil spill treating agents are alternative countermeasures 
being considered for use in the United States. Under the implementing 
regulations of the Oil Pollution Act of 1990, regional response teams 
(RRTs) and area committees must plan for the authorization of disper-
sants and other spill control agents. Aside from the regulatory incen-
tive, spill control agents warrant due consideration as viable response 
tools because they offer the potential to reduce impacts of spilled oil on 
the environment. 

The API Inland Spills Work Group asked RRT members in Region 
V to identify the concerns and technical issues that impede them from 
making a decision about the use of chemicals during oil spills in 
freshwater environments. Responses indicated members were con-
cerned primarily with the following issues: toxicity of the chemicals 

(and the chemicals plus oil) to the environment; effectiveness of the 
chemicals in controlling and/or cleaning up the oil spill; impact or 
contamination by the chemical on the public drinking water supplies; 
long-term fate and effect (bioaccumulation) of chemicals in the envi-
ronment; logistical difficulties in applying the chemical during the 
short window of opportunity; and lack of experience and training in 
application of products. 

Based on the RRT survey results, the Inland Spills Work Group saw 
a need for several technical papers to address these key concerns. The 
work group decided to produce papers on chemical treating agent 
effectiveness, toxicity, and drinking water impacts, to provide the RRT 
members with technical information in a short, concise, and easy to 
follow format. 

This summary of information from these briefing papers includes a 
decision tree, developed for RRT V to provide a methodology for a 
discussion of the anticipated benefits and problems associated with the 
use of specific chemical agents. The briefing paper that describes 
drinking water impacts, an on-going project being conducted in con-
junction with the American Water Works Association, is not addressed 
here. 

Chemical oil spill treating agents 

Chemical treating agents are not extensively used in the United 
States, primarily because of the uncertainty of their impacts on the 
environment and human health. The chemical product categories un-
der discussion in this paper24 include herding agents (collecting 
agents), which push or compress oil slicks on the surface of the water 
column by exerting a higher spreading pressure than the oil; emulsion 
treating agents which prevent or break water-in-oil emulsions; solidi-
fiers, which mix with oil and turn it into a rubberlike solid; elasticity 
modifiers, which impart elasticity to the oil; shoreline cleaning agents 
(surface washing agents), which, when applied to oil stranded on the 
shoreline, increase the ease or efficiency of removal by flushing with 
water; shoreline pretreatment agents, which are applied to the shore-
line prior to landfall of the oil and employ various mechanisms to 
prevent oil from adhering to the shoreline; and dispersants, which 
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reduce the surface tension between oil and water and enable waves and 
currents to mix the oil throughout the water column in small droplets. 
With the exception of dispersants, it appears that the chemicals in each 
category consist of formulations that are unaffected by salinity and 
function the same in freshwater and marine environments. 

Existing toxicity or effectiveness data on a particular chemical agent 
need to be viewed within the context of the spill. Incident-specific 
conditions, such as the amount and type of oil spilled and the habitat 
where the spill occurred, influence the true effectiveness and toxicity 
of an agent relative to its laboratory results. Another consideration 
when applying laboratory data to an actual spill situation is the salinity 
of the water used in the laboratory tests. The effectiveness and toxicity 
tests for oil and treated oil discussed in this paper use seawater and 
include marine organisms to measure toxicity. Data generated from 
these tests should not be necessarily discounted during a freshwater 
incident, however government decision makers should be made aware 
of the salinity discrepancies. 

The decision-making process is primarily based on evaluating trade-
offs that involve comparing the net benefit of different alternatives— 
that is, comparing the effectiveness and toxicity of the product, and the 
product plus the oil, to the impact the oil may have if it is left untreated 
or if another countermeasure is employed. In some specific spill in-
stances, a net environmental benefit may come from using a chemical 
treating agent by itself or in conjunction with one or more mechanical 
countermeasures, as opposed to leaving the oil untreated. 

Laboratory (effectiveness and toxicity) data are often misleading 
because these tests poorly represent spill conditions in the field and 
often do not measure the bioavailable fraction of the chemical agent. 
On-going efforts to develop laboratory effectiveness and toxicity tests 
mimic the natural environment and field conditions as much as possible 
while still maintaining control over variables and replicating samples to 
verify results statistically. Procedures that simulate the real world in all 
details run the danger of becoming so complicated that test results may 
not be reproducible. It is important to design protocols and select 
materials for a procedure to maximize the likelihood for generating 
reproducible results both within the original laboratory and at others. 

Several laboratory effectiveness tests have been developed for differ-
ent types of chemical treating agents. Following the effectiveness infor-
mation is a description of existing toxicity tests for chemical treating 
agents and a discussion of on-going research. The prespill authoriza-
tion decision tree developed for Region V is first described here; it 
incorporates effectiveness and toxicity information. 

Decision tree for the use of chemical oil spill treating 
agents 

A decision tree (Figure 1) identifies the informational requirements 
and decisions needed to consider the use of specific chemical treating 
agents during the prespill planning process, or during response. If the 
decision tree is used during prespill planning, an outcome might in-
clude granting prespill authorization for the use of chemical treating 
agents. If used in an incident-specific manner during response, the 
time frame and technical process for working through the steps in 
the tree would be necessarily compressed to reach a decision within the 
operational window of opportunity for a specific product or products. 

This decision tree provides an initial framework for discussing the 
development of an authorization process for chemical treating agents. 
Local information and geographic-specific variations will need to be 
developed by different RRTs and area committees. The decision tree 
factors the authorization process into simple issues, which then can be 
considered separately. It is intended to provide a methodology that will 
allow for a discussion of the anticipated benefits and problems associ-
ated with the use of specific chemical treating agents. As designed, the 
decision tree must be worked through for each individual chemical 
treating agent and local geographic area. 

The proposed decision tree consists of three types of actions: compil-
ing information, evaluating information, and making a decision based 
on the information that has been compiled and evaluated. The boxes in 
the tree (Figure 1) indicate information compilation steps. Diamond 
shapes indicate where information is evaluated and a decision made. 
Use of the tree is based on the assumption that two types of information 
can be compiled during the process: information of adequate detail and 
quality to describe the product and its basic capabilities, that is, how it 

works, its effectiveness, and its effects, including toxicity; and a clear 
and detailed description of public concerns that must be satisfied prior 
to granting prespill authorization. A decision to use chemical treating 
agents would require balanced consideration of the advantages and 
tradeoffs associated with natural recovery, mechanical containment, 
in-situ burning, and other responses. 

Effectiveness testing of chemical oil spill treating 
agents 

A chemical treating agent is considered effective if its use produces 
the desired result. This desired effect will vary depending upon the 
product's intended purpose. For instance, a product marketed as an 
emulsion inhibitor is considered effective if the oil does not emulsify 
after application of the product. A product's effectiveness is dependent 
upon a number of incident-specific variables including oil type, oil 
amount, and weather conditions such as sea state and air and sea 
temperature. In addition, effectiveness is also influenced by proper 
application during the spill. Effectiveness can vary from predicted 
rates if the product is not applied at the recommended dosage, time, or 
in the recommended manner. 

Effectiveness tests of chemical treating agents should be designed to 
answer the following questions. 

• Does the product produce the desired result? That is, does the 
product do what it is intended to do? 

• Does the test mimic field conditions? 
• Is the product's effectiveness influenced by variables such as oil 

type, oil amount, and air and water temperature? 
• How much of the product is needed to be effective? 
• What application method(s) are necessary to achieve effective-

ness? 
A number of researchers have attempted to develop laboratory 

effectiveness tests for several different types of chemical treating 
agents that take into account the criteria mentioned above. However, 
no test protocols have been completely successful in mimicking field 
conditions; a better understanding of physical processes (chemical 
interactions under spill conditions) is needed to do this. Some re-
searchers have even rejected the approach of mimicking field condi-
tions in order to simplify the test methodology. 

Dispersants. The Environmental Protection Agency (EPA) out-
lines a dispersant effectiveness test (Swirling Flask Dispersant Effec-
tiveness Test) in Appendix C of the National Contingency Plan (NCP). 
Many dispersant effectiveness tests have been developed, and were 
recently evaluated by EPA during their revision of the NCP.7 Because 
of the attention dispersants have received, the focus of the effective-
ness section of this paper will be on other chemical treating agents. 

Herding agents (collecting agents). According to Garrett and 
B arger,14 an effective herding agent must have a maximum film pres-
sure greater than 35 to 40 dynes/cm and low (less than 1%) water and 
oil solubility. In an attempt to select systematically the best materials 
for use as herding agents, taking into consideration the two require-
ments stated above, Barger1 developed a stepwise approach (Table 1). 
The test design and acceptance/rejection criteria provide a fairly quan-
titative measurement of effectiveness. However, the test is conducted 
only on the agent (or potential agent), not with a combination of the 
product plus oil. Additional laboratory tests need to be conducted with 
the product and oil to determine the actual effectiveness of the product 
in herding oil sheens. 

Emulsion treating agents. An effective emulsion treating agent 
decreases the emulsion tendencies of the oil/water system either to 
prevent the formation of (emulsion inhibitor) or break (demulsifier) 
a water-in-oil emulsion.4 Dalmazzone and Bocard10 recommend that 
the ideal effectiveness test for emulsion treating agents should involve 
the following criteria. 

• The test must be simple, easy-to-use, and represent the natural 
conditions of formation of water-in-oil emulsions. 

• The test must be multivarient, adaptable to both studies on de-
mulsification and emulsion inhibition. 

• The test must involve the study of several important parameters, 
such as temperature, nature of the oil, dilution, and mixing re-
gime. 

Several tests for emulsion inhibitors and demulsifiers are described in 
Table 1. The major difference between the tests is the technique used 
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IDENTIFY RESPONSE CONCERNS 
(ISSUES) 

IDENTIFY AND CHARACTERIZE 
CHEMICAL AGENT UNDER CONSIDERATION 

CHARACTERIZE POTENTIAL EXPOSURE 
AND EFFECTS OF CHEMICAL AGENT 

for mixing (for example, controlled shaking, Burrell wrist action 
shaker). The goal is to use a technique that is most representative of 
the mixing that would occur in the natural environment. 

Solidifkrs. In judging the effectiveness of a solidifier, it is important 
to consider: the amount of product needed to immobilize an oil (typ-
ically reported as product: oil ratio), and the amount of time needed 
for the product/oil mixture to solidify. Environment Canada developed 
a laboratory test described in Table 1. There is no acceptance/rejection 
criterion with this test; the amount of product and/or time required for 
solidification is incident specific, dependent upon the conditions under 
which the product is to be used during a spill.23 

Elasticity modifiers. There are no effectiveness tests specific to this 
chemical class. 

Shoreline cleaning agents (surface washing agents). The effective-
ness of a shoreline cleaner is based upon the amount of oil that can be 
removed from a substrate using a given amount of product. EPA is 
currently conducting research to determine a standard effectiveness 
test that will be used for all shoreline cleaning agents on the NCP 
Product Schedule. Clayton6 describes four laboratory effectiveness 
tests, all of which are based on a methodology similar to that described 
in Table 1. The major differences among the tests are in the substrate 
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used (stainless steel trough, stainless steel or porcelain coupon, glass 
slide, commercial aquarium gravel), the amount of time the oil is in 
contact with the substrate before application of the shoreline cleaner 
(10 minutes to 18 hours), the soak time (10 minutes to 1 hour), and the 
method used to determine the amount of oil removed by the cleaner 
(weight differences or spectrophotometrically). 

Shoreline pretreatment agents. There are no effectiveness tests spe-
cific to this chemical class. 

Toxicity testing of chemical spill treating agents 

Before a chemical treating agent is approved by government deci-
sion makers for use during an oil spill, it must be shown that the use of 
the product does not adversely affect the environment or that its use 
represents an acceptable tradeoff—that is, the environmental effects 
of treated oil are less significant than the effects of untreated oil. 
Although environmental considerations associated with the use of a 
product also include physical effects caused during application, and the 
fate of both the treated oil and unreacted product, many government 

COMPARE 
POTENTIAL DESIRABLE 

AND UNDESIRABLE EFFECTS 

; there any apparent benefits to be gained by using t h e ^ 
product? -^~ 

NO 

YES 

DEFINE ANTICIPATED REQUIREMENTS 
FOR USE DURING RESPONSE 

YES 

YES YES 

CONSIDER AUTHORIZATION FOR USE, AND 
DEFINE SPECIFIC 

CONTEXT(S) FOR USE, OR NON-USE 

DO NOT CONSIDER AUTHORIZATION 
FOR USE 

NO 

Figure 1. Decision tree for consideration of use of chemical agents 
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Table 1. Summary of effectiveness test methodologies for chemical treating agents 

Agent Test description Citation 
Herding The following parameters are measured, in order, on the potential agent: physical 

state, density, viscosity, maximum film pressure, relative durability, minimum 
effective surface concentration. 

After the measurement of each parameter, acceptance and rejection criteria indi-
cate whether the next parameter is measured or whether the agent is rejected 
as a herding agent. 

If the final parameter (minimum effective surface concentration) is accepted (if 
less than 10 mg/m2 of the agent is required to reach 35 dynes/cm), then the 
agent is considered an effective herding agent. 

This test does not specify freshwater or seawater. 
Emulsion The oil and agent are premixed and then added to a funnel containing water. 

inhibitor The funnel is rotated for a period of time, and contents are allowed to settle. 
The free water is drained and the final water content determined by incor-
porating measurements of location of the oil/emulsion and emulsion/water in-
terface before and after rotating the funnel. 

Researchers alter the protocol by varying the rotation speed (30 to 63 rpm), 
method (Burrell wrist action shaker; rotated bottle), and length of time (30 
minutes to 24 hours). 

Where specified, tests use seawater. 
Demulsifier 1. Based on the Bottle Test: A sample of emulsion and demulsifier are mixed in 

a bottle. The amount of free separated water is measured as a function of 
time. 

Researchers alter the protocol by varying techniques of mixing and shaking (con-
trolled shaking or Burrell wrist action shaker). 

The tests use seawater. 

B arger1 

for example, Buist and Ross,3 Daling 
and Brandvik,9 Hokstad et al.,16 

Mackay and Zagorski,17 

for example, Canevari,4 Fingas et al12 

2. The demulsifier is injected before or behind a peristaltic pump in the flow of 
emulsion. A graduated cylinder is filled with the treated emulsion and the 
amount of free water is determined as a function of time. 

The test uses seawater. 
Solidifier The oil and water are mixed for a period of time, then the solidifier is gradually 

added in preweighed amounts in one-minute intervals. Addition of the product 
continues until the oil is solid (a plastic spatula is used to indicate the solidity 
of the oil). 

The weight of the product added and the weight of the oil are used to calculate 
the percentage of product required to solidify the oil in a certain amount of 
time. 

The test uses seawater. 
Shoreline Oil is placed on a substrate and allowed to soak for a period of time before ap-

cleaner plying the cleaner. After a soaking period, the oil is rinsed with water. The 
amount of oil removed by the cleaner is estimated either based on weight dif-
ferences or spectrophotometrically. 

Researchers vary the protocol by using different substrates (stainless steel trough, 
stainless or porcelain coupon, glass slide, commercial aquarium gravel), differ-
ent length of times the oil is in contact with the substrate before application of 
the agent (10 minutes to 18 hours), different soak times (10 minutes to one 
hour), and/or different methods for determining the amount of oil removed by 
the cleaner (weight differences or spectrophotometrically). 

Where specified, tests use seawater. 

Dalmazzone and Bocard10 

Fingas et al13 

Clayton,6 Fingas et al13 

regulators depend on a chemical's acute toxicity data to provide the 
primary indication of environmental impact. In relying on toxicity data 
in making their decision, regulators implicitly assume that laboratory 
toxicity data directly mimics real-world situations. This assumption is 
erroneous because toxicity is the result of a complex time-dose-re-
sponse relationship; and variables such as habitat, season, dilution, 
and type and amount of oil spilled can influence the toxicity of an 
added chemical. Laboratory toxicity tests as they are currently de-
signed (standard 48- or 96-hour LC50s) provide comparative screening 
information on products (that is, product A is more toxic than product 
B) but do not provide toxicity data that can be quantitatively applied to 
a real spill situation. 

A standard toxicity test approach has several defining characteris-
tics: tests are frequently conducted using open vessels (without lids); 
the organism is normally exposed to the toxicant for 24,48, or 96 hours, 
depending upon the test; acute tests are normally performed in a static, 
not flow-through, environment; and the lethal concentration is often 
determined by measuring the nominal concentration, the total toxicant 

volume per volume of water. In light of these factors, the standard 
toxicity test methodology applies best to toxicants that are readily 
soluble in water, non-volatile, chemically stable, and free of contami-
nants. It also provides more realistic results where, in the environ-
ment, the species are typically exposed to the toxicants for a duration of 
one to several days. While useful for toxicants other than oil, this 
standard toxicity test is not appropriate to judge the relative toxicity of 
either spilled oil or oil plus chemical treating agents for the following 
reasons. 

• Crude oil is composed, in part, of lightweight compounds that are 
highly volatile. When running a test in an open container, the 
lightweight components, which also have a high acute toxicity and 
are highly water soluble, will usually be lost within a day. 

• Depending on the oil spilled and the weather conditions at the site, 
an organism will only be exposed to the acutely toxic components 
of the product for a period of hours (not days) before advection, 
spreading, evaporation, dissolution, and emulsification occurs. 

• Static conditions do not mimic the natural environment, where 
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water typically flows due to currents, tides, and/or weather condi-
tions. 

• Oil and many chemical treating agents contain a high percentage 
of sparingly soluble fractions. According to NRC,18 the sparingly 
soluble material floats on top of the water and test organisms are 
not exposed to it, they are only exposed to the water-accommo-
dated fraction. The water-accommodated fraction contains only 
the fraction of a product that remains in the aqueous phase after 
mixing and settling.8 If the toxicant is very sparingly soluble, the 
organisms will be exposed to a much smaller actual concentration 
than the nominal concentration (total toxicant volume per volume 
of water) reported. The results will make the toxicant appear 
much less toxic when the effects observed were in fact caused by 
the very much lower water-accommodated fraction. 

Toxicity tests typically used in oil and chemical agent research in the 
United States examine water-column exposure and do not address 
shoreline or sediment exposure. Therefore, the focus of this paper will 
be on water-column toxicity tests. However, in the United Kingdom, 
before a dispersant can be applied to a rocky shore, its toxicity is 
measured using two tests, one of which (the beach test) assesses 
toxicity of the product due to direct spray onto intertidal organisms.19 

EPA dispersant toxicity test. In the October 22, 1993, issue of the 
Federal Register, the EPA presents the proposed rule for the National 
Oil and Hazardous Substances Pollution Contingency Plan.11 This rule 
details the methodology for the revised standard dispersant toxicity 
test using two test organisms, the silverside (Menidia beryllina) and the 
mysid shrimp (Mysidopsis bahia) (Subpart J, Section 3). In the test, 
the species are exposed to five concentrations of the test product (the 
dispersant), to No. 2 fuel oil alone, and to a 1:10 mixture of the product 
to oil. To aid in comparing results from tests performed by different 
workers, the EPA also requires that a reference toxicant, dodecyl 
sodium sulfate (DSS), be run. The silverside are exposed to the toxi-
cants for 96 hours, while the shrimp are exposed for 48 hours. LC50's 
are calculated based on mortality at the end of the exposure period. 

The EPA recommends that the same dispersant toxicity test also be 
used to evaluate toxicity of surface washing agents (shoreline cleaners) 
and surface collecting agents (herding agents). The EPA test is limited 
in several ways. 

• No. 2 fuel oil, a light oil, is not representative of all oil types or 
stages of weathering. Very light oils, medium oils, and heavy oils 
contain different concentrations of the soluble and more toxic 
compounds. For each of these oil types, the concentrations of 
soluble compounds will vary for fresh and weathered oil; 

• The test mixes the water and oil (and dispersant) together; it does 
not require that the water-accommodated fraction of the oil be 
used; 

• The test is conducted in open vessels; and 
• The exposure periods (48 hours or 96 hours) are longer than would 

be encountered in a real oil spill situation (except in rare situations 
of a closed natural system). 

The EPA test instead provides relative toxicity data (A is more toxic 
than B), which is meaningful and helpful when comparing several 
different products using the same test oil. However, the data may not 
be presented to regulators in a way that indicates that the values are 
relative. This can be misleading and may lead to decisions to prohibit 
use of a product that actually could be used safely. Because of its 
limitations, the EPA test does not provide data that can be directly 
applied to a spill situation. This test does not realistically predict what 
will happen in the field because too many variables and discrepancies 
exist between an actual situation and the laboratory. 

Current method development. Other organizations have attempted 
to develop test protocols that simulate real conditions, based on ex-
pected use patterns of exposure (that is, concentration and duration), 
and have high repeatability so that data generated by different labora-
tories can be compared. The use of the water-accommodated fraction 
of the toxicant is very important in simulating real conditions. 

A number of methods have been developed to obtain a water-
accommodated fraction. Generally, all the methods mix the oil and 
water, collect the water, and then use it as the toxicant for testing. 
However, variations exist among laboratories in sample preparation, 
such as mixing method, mixing energy, and settling time, which can 
alter the water-accommodated fraction and thus alter data generated 
from the test. By not having a standard step-by-step methodology that 
different laboratories can use, data cannot be readily compared. Girl-

ing et al15 and CONCAWE8 provide guidelines for preparing the water-
accommodated fraction. 

• Mixing conditions should be continuous and vigorous enough to 
ensure good contact of the product and aqueous phase without 
inducing emulsions. 

• Adequate contact time between the product and the aqueous 
medium must be allowed during preparation of the water-accom-
modated fraction to ensure that the concentrations of the dis-
solved constituents in the two phases have achieved equilibrium. 

• Measures should be taken to ensure that volatile constituents of 
the product are retained during preparation (using a sealed con-
tainer with minimal headspace). 

Environment Canada and the State of California are developing 
methodologies to obtain the water-accommodated fraction. The goal 
of both groups is to develop a protocol that is easily followed and widely 
accepted, so that tests have high repeatability and results are compara-
ble as well as being realistic and more applicable to an oil spill. 

Environment Canada. Environment Canada has brought together a 
working group of U.S. and Canadian experts to develop a standard 
methodology for preparing a water-accommodated fraction for toxicity 
tests. A literature search identified variations among published tox-
icity test methodologies, which will be the focus of the new tests. The 
following are the main variables that Environment Canada is testing in 
developing their methodology.2 

• Selection of mixing method—using a vortex with defined head-
space compared with using gentle mixing with negligible head-
space 

• Selection of mixing energy—a mixing energy must be defined that 
produces a water-accommodated fraction at equilibrium within a 
reasonable time period, without producing an emulsion 

• Selection of settling time—length of time the sample should sit 
following mixing to allow for recoalescence of dispersed oil and 
unstable emulsion 

• Selection of mixing duration—length of time the oil/water mixture 
should be stirred to obtain equilibrium 

• Means of handling solid oil—develop a suitable method for han-
dling oil that does not readily spread on the water surface at room 
temperature. Examples of solid oil include heavily weathered 
crude and burn residue. 

• Selection of lighting conditions—to determine if photo-oxidation 
is an influence; several experiments will be performed in both the 
dark and light. 

Environment Canada is currently reviewing data from preliminary 
tests and designing final test procedures. 

State of California. Researchers from the California Department of 
Fish and Game and the University of California at Santa Cruz in 
association with the Marine Spill Response Corporation (MSRC) are 
also developing a standard methodology for isolating the water-accom-
modated fraction of oil for toxicity tests. This group has tested toxicity 
of dispersants in the past; however, their current interest is testing oil, 
dispersants, and oil/dispersant mixtures. Because the researchers have 
not previously worked with oil in their test system, they must first 
establish standard test solution preparation methods including the 
preparation of a water-accommodated fraction. 

The California team performed a series of experiments to determine 
the amount of spinning and settling time necessary to create a stable 
water-accommodated fraction without the formation of emulsions.22 

Ultraviolet (UV) absorbance of a water-accommodated fraction solu-
tion was measured after 2, 24, 48, 72, and 96 hours of spinning and 
after 0, 1, 2, and 4 hours of settling at each of the spinning times. 
Water-accommodated fractions of one to two liters was used. Results 
using open containers indicated that 24 hours of spinning with two 
hours of settling was sufficient to achieve a stable solution. Results 
from experiments using a sealed container also indicated that 24 hours 
of spinning was sufficient. However, results with the different settling 
times using the sealed container were inconclusive. This may be due to 
the methodology selected to measure the concentration (UV absor-
bance). Researchers are considering other ways to measure the hydro-
carbon concentration including total organic carbon (TOC) and gas 
chromatography/flame ionization detection (GC/FID). 

Although refinement of a standard method for preparation of a 
water-accommodated fraction is continuing, the California researchers 
have developed a preliminary protocol based on results described 
above. This preliminary methodology22 follows. 
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• Sterilize filtered seawater; 
• Add the oil directly to the water (use a gas-tight syringe for highly 

volatile oils); 
• Seal the bottle with a teflon stopper, and place it on a stir plate; 
• Measure water height from meniscus to bottom of the bottle. 

Mark 75 percent of this height to signify location of 25 percent 
depth vortex; 

• Begin stirring, adjusting the speed to achieve a stable 25 percent 
depth vortex; 

• Stir for 22 hours; 
• Allow solution to settle for 2 hours; and 
• Drain the solution from the aspirator bottle making sure not to get 

any of the surface slick in the receiving vessel. 
Once the water-accommodated fraction protocol is finalized, the re-
searchers will conduct tests with oil, dispersants, and oil plus disper-
sants using a variety of native California species including juvenile 
mysids and abalones. The group will use a continuous flow-through, 
closed system for testing, which will more closely mimic the natural 
environment.21 

In association with the California research and in conjunction with 
MSRC, a group with Exxon Biomédical Services, Inc. (EBSI) in New 
Jersey is performing dispersant toxicity tests using the flow-through 
toxicity testing apparatus developed by California. During the first 
phase of their work, EBSI evaluated the test system to determine the 
degree of repeatability in acute LC50 estimates when toxicity tests are 
conducted by different laboratories, and to evaluate differences be-
tween these test results and results of dispersant toxicity tests con-
ducted using more conventional, nationally standardized methods and 
test species. EBSI concluded that the California test method provides a 
useful approach for testing sensitive, early life stages of marine organ-
isms under continuous flow conditions.20 

In the second phase of their dispersant research EBSI has proposed 
to conduct 96-hour pulsed exposure, flow-through toxicity tests using 
the California testing apparatus. Tests will be conducted on mysids and 
silversides using Kuwait crude oil and dispersed Kuwait crude oil. It is 
expected that the water-accommodated fraction will be prepared 
based on the methodology developed by the California researchers.5 

Although the toxicity tests being conducted in California and EBSI 
are with dispersants, similar test methodologies can be applied to 
toxicity testing of other chemical treating agents once the basic meth-
odology of isolating the water-accommodated fraction is refined. 

Conclusion 

Mechanical countermeasures are virtually the only tool used in 
freshwater spill response. Such measures usually recover just a small 
fraction of the spilled oil; however, other techniques, such as chemical 
treating agents, are available to enhance response capabilities. If a 
chemical treating agent can enhance response operations and/or pro-
tect or minimize impacts on resources of public concern, then authori-
zation for use is desirable and warranted. The proposed decision tree 
provides guidance to the decision makers in evaluating these products. 
However, few standards exist for evaluating chemical oil spill treating 
agents (other than dispersants) for effectiveness and toxicity, espe-
cially in a freshwater environment. It is important, therefore, that 
standard laboratory effectiveness and toxicity test protocols be devel-
oped for the various chemical treating-agent classes using freshwater 
and freshwater organisms. Many of the same concepts in the effective-
ness and toxicity test protocols discussed in this paper for marine 
systems can be directly applied to the development of standard fresh-
water protocols. 
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