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INTRODUCTION

Dispersants continue to be 2 lively topic of discussion twenty
years after the TORREY CANYON incident. Little has changed in the
way of documentation. There is still no undisputed documentation
on large-scale experiments or use to show whether dispersants are
effective or not. Similarly, no large scale bivlogical experiments have
convinced all environmentalists that the use of dispersants is safe in
all conditions, although the evidence is becoming increasing clear
that dispersants cause little ecological damage above that by un-
treated oif and that they could, in fact, minimize ecological damage
if they were effective. The current focus on dispersants is now more
on the effectiveness than on the toxicity. The current ermphasis on
joint Environment Canada-U.S. Minerals Management Service work
is on mechanism studies. These are intended to discover the
variables invoived in dispersant action so that insights will be found
on how effectiveness can be improved.

The active ingredients in dispersants are surface active agents
or surfactants. Surfactants have varying solubility in water and have
varying actions toward oif and water. One parameter that has been
used to characterize surfactants is the HLB or the hydrophillic-
lipophilic balance.' A surfactant with an HLB of about 1 to 8
promotes the formation of water-in-oil emulsions and one with an
HLB in the range of 12 to 20 promotes the formation of oil-in-water
emulsions. Dispersants have HLE's in the range of 8 to 11, The
HLB range as defined is only applicable to non-ionic surfactants,
however ionic surfactants can be rated using an expanded scale and
often have HLB’s ranging from 25 to 40. They are strong water-in-
oil emulsifiers, very soluble in water, relatively insoluble in oil, and
generally work from the water to any oil present. Such products
have little applicability to oil on water because they rapidly disappear
in the water column, having litle effect on oil. However, because of
their commonality and cheapness, many ionic-surfactants are
proposed as dispersants. Many of these agents would be better
classed as surface-washing agents.

Surtace-washing agents are surfactant-containing mixtures with
high HLB's and are best suited fo removing ot from solid surfaces
such as shorelines, roads and parking lots. EETD has developed an
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effectiveness test for such agents and results of these tests are
reported in the literature. Many surfactant-containing agents of all
types come onto the market each year, many are re-packaged
industriai cleaners and have little utility in spills.

DISPERSANTS -« FIELD EFFECTIVENESS TRIALS AND ACTUAL USE

Over the past 12 years, 107 test and control spills have been
laid out to test the effectiveness of oil spill dispersants® The results
achieved during these tests show clearly that dispersants are not
highly effective, even under highly controlied experimental situations,
Of greater concern than this is the methodology used to estimate
effectiveness. Some experimenters simply estimated effectiveness
but most based their measure on integrations of water column
concentrations relative to surface slick dimensions. This is not a
correct means to perform the measure because the underwater
concentrations have little positional relationship 10 the surface slick.
Underwater dynamics of the ocean are very different than surface
dynamics. Extreme cases of the positional variances between
surface and sub-surface slicks have been illustrated by Brown and
Goodman in controlled tank testing.® Their work has shown that the
underwater plumes move in highly random fashions with respect to
the surface slick and even two trials conducted on the same day will
not have similar movement patterns. Furthermore, all of the
experimenters who used underwater concentrations to estimate field
effectiveness also used the method of dividing the water into different
compartments and averaging concentrations. Mathematically this is
not appropriate and can result in effectiveness values that are much
larger than the actual values. In fact, because dispersion only occurs
from the thicker portions of the slick and because these only
constitute about 10% of the slick surface area, the error in
measurement can be as great as a factor of 10 in two dimensions
and as great as 10 times 10 or 100-fold in three dimensions or
overalll Other errors in the opposite direction compensate for this
somewhat, but the overall result is a large exaggeration of
effectivensss.

Surface measures are also inadequate. Remote sensing does
not provide a thickness measure and thus calculating volume is
impossible. Numerous surface phenomena also interfers with the
process of estimating slick volume. These have been detailed in a
paper by Goodman and Fingas.' A new technigue for measuring
surface thickness is currently under development by Esso Resources
Canada, Minerals Management Service, Environment Canada and the
American Petroleum Institute. This instrument offers potential to
measure effectiveness on the open ocean.

In summary, field trials of dispersant effectiveness have not
shown any quantitative or qualitative proof of high {>80%) dispersant
effectiveness.  Analytical means do not exist at this time 1o
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accurately quantify dispersant effectiveness in field trial situations,

Dispersant usage during some notable large spills has been
reviewed by a number of authors.*®  The problem with actual spili
data is that some observers may have reported seging evidence of
effactiveness and others directly the opposite. In nane of the cases
were any analytical means tried to Quantify effectiveness or aven to
provide better estimates, Dispersants are used more frequently in
countries like Great Britain and in many Arabic counties.  Again, no
Quantitative results are available to show effectiveness nor lack of
such,

of these resuits shows that there is poor correlation in effectiveness
results between the various test methods.” A recent study by the
present author has shown that lack of correlation is primarily a
function of settling time allowed between the time that the energy is
no longer applied and the time that the water sample is taken from
the apparatus.®  Another important factor is that of the oil-to-water

ratio in the apparatus. When these two parameters are adjusted tg

be the same and to larger values test resuits from most apparatys
are similar. Results from more energetic dispersant effectiveness
tests, such as the Mackay test and the Labofina or Warren Springs
test, are somewhat higher but, when corrected for natural dispersion,

Early studies were used to help to come to an understanding of
laboratory effectiveness ests. It had been found that the existing
tests vield different results for different dispersant-oil combinations.
This was especially true when the ol lype was varied, rather than the

Gil were often quite ineffective on that same oil in another apparatus
or test protocol. Additionally, the main test ther in the literature, the
Labofina (or Warren Springs or Rolling Flask) test and the Mackay
(or MNS or Macka -Nadeau-Steeiman} est produced resuits that
quite different. The former test uses » separatory funnel with 250
il of water and 5 mi of oil 1o test the dispersant. The resulting oil-
water ratio is 1:50, a factor that shall fater be shown o be of
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TABLE 1 EFFECTIVENESS 1N FOUR APPARATUS
OiL DISPERSANT DISPERSABILITY iN PERCENT
SMHHNGfFLQWING IMBOFWA MNS
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significance. The separatory funnel is rotated at 33 rem for 10
minutes and then a sample taken after a settling time of 2 minutes
and analyzed colorimetrically. The Mackay apparatus, on the other
hand, employs 10 mL of oil and 6 L of water to yield an oil-to-water
ratio of 1:600. Energy is supplied by a high velocity stream of air,
Sampiing is done dynamically - no settling time is allowed. The
rasults of the two tests differ with oils - the Mackay test consistently
gave higher numbers for heavier oils and especially for very viscous
oils. The Mackay effectiveness numbers were also very noisy and
had a tendency to be very high or very low. The Labofina
effectiveness values tended to only appear in the mid-range of values
- that is around 50%. Atternpts to correlate both results with fisld
values were futile. The first effort of EETD was to generate a good
data set with both devices to determine what the variances indeed
were. The second effort was to test other concepts to see if every
device or test yields unique effectiveness vaiues. An oscillating hoop
test which employs an oil-to-water ratic of 1:200 using the given
protocol was tried. The values produced using this apparatus and
test protocol showed values more similar to the Mackay test than to
the Labofina, however the data was also noisy like that from the
Mackay test. Early conclusions from these study were that lab tests
produced unique results based on their protocols and test features.
This offered no hope for further understanding of dispersants
effactiveness.

EETD continued research despite the pessimistic conclusions
noted above. The first effort was the development of a rapid and
simple test. The purpose of this was to speed research. About 10
tests per day could be done with the Labaofina apparatus then in use
and about & for the Mackay apparatus. It was obvious that to
perform tests for many oils and dispersants in many different
conditions, that a faster test was needed. The development resulted
in the Swirling Flask test which employs a standard 125 mL flask
with a bottom spout for decanting the sample. Depending on the
type of test, 30 to 50 runs could be conducted in one day. The
protacol chosen for the test was an oif to water ratio of 1:1200 and
a settling time of ten minutes. The first results achieved with this
new test did not correlats well with either the Mackay or Labofina
tests results and there was almost no correlation with the oscillating
hoop test results. What was dramatically different from al three tests
was that results were repeatable within 5%. Results from other tests
were often ten times this value!

Testing continued using the new apparatus. The effectiveness
of many oils and several dispersants were measured. Values
appeared o be correct but low compared to those for other tests,
Variation of effectiveness with settling time was measurad extensively
and it was found that the effectiveness changes as an exponential
function with settling time settling from 0 t0 10 minutes and then
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only changes a small amount after 10 minutes, This settiing time
was also measured in the Labofina ang Mackay tests ang found to
be the same. Some of the *noise” in both the latter tests can then
be explained by the settling time. In the Fase of the Labofina,
sampling is done at the 2-minute mark, a time at which particles arg
rapidly rising to the surface. Any smalf error in timing can resutt in
significant variation in amount of ol sampled and subsequenﬂy
effectiveness. Test results using the swirling flask apparatus are
presented in Table 2

MECHANISM STUDIES

first round of mechanism studies focused on changing
i serving the effect on

se that had poor

75%).  Most commercial

ity characteristics. The tests showed

that dispersed oil could be i

hour period.
Tests conducted on the oscillating haop, Labofing, Mackay and

the Swirling Flask test showed on

@ very disturbing finding. Al of the
first three tests wera insensitive 1o whether the oil wag placed in the

water or on the oil, Only the swirling flask testeq showed no trace
, in the case of the three offending

This finding would imply at
. that in the cage of the first 3 apparatus, the dispersant

rather than vice versa which is
the way it would be in nature or in the

swirling flagk apparatus, This

the protocols or apparatus were
deficient in measuring dispersant effectiveness,

irling flask. Similar results
were observed for the settfing time. When the four apparatus were
Tun using an oil-to-water ratio of about 1:1 and a settling time of
ten minutes, Nedrly identical

results were produced for many oils,
but not for all Examination

of the properties of the deviant oils
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revealed that all wers naturally dispersable. Blanks {samples without
dispersants} were run in the respective apparatus and blank values
subtracted from the value run with dispersant. In other words,

At the same time as the abave tests were under way, a new test
was developed o confirm the effect of vi-to-water ratio. This test
is different in concept than any of the other tests and is unigue to
tests around the world. The test, known in EETD labs as the
flowing-cylinder test, employs a measuring cylinder with a top and
bottom side-spout, Water is circulated from the bottom side-spout
through a filter to catch dispersed oil and returned to the cylinder via
the top spout. The only dispersing energy supplied to the system
is the small amount of energy resulting from the fall of the chemical
from the top spout to the ol layer (a distance of about 3 cm).
Dispersed oil is continuously removed from the systemn so that there
is No interference of dispersed oil with any processes that may be
on-going. The height between the surface of the oil and the
withdrawal spout is about 30 cm. This ensures that only rore stable

was used to measure the effect of oil-to-water ratio on dispersant
effectiveness. 1t was found that effectiveness was constant with oil-
to-water ratic from about 1:800 up to 1:1,000,000 and that

to 1:100. This was confirmed by performing the same experiment
in the other three apparatus. It was concluded that this effectiveness
was due to a change in mechanism of dispersant action between
high oil-to-water ratios and low. In the case of low ratios, the
surfactant may interact to form agglomerates and micelles, thus
interfering with the main process by removing surfactant. This woliid
account for the lower effectiveness at the lower ratios. Because
dispersion ar sea would invoive high ratios, laboratory equipment
should strive to do the same,

A s o R gy i ot e
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The next round of experiments focused on the measurement of
dispersed oil droplet sizes produced in the differant apparatus. After
several hundred measurements, it was found that in all apparatus,
all oils with all dispersants resulted in the same droplet size of 30
microns VMD. This occurs when the apparatus are Operated at the
optimal settling time and with the optimal oil-to-water ratio, as noted
above. The meaning of VMD should be explained at this point. In

contains more oil than 100,000 - 1 micron droplets,

The significance of the droplet-size finding is that there exists a
distribution size of oil droplet sizes, 30 microns VMD as found in the
experiments, which are stable and to which all oil spill dispersions
will tend. The significance of this finding is two-foid. First, further
measurement of sizes is meaningless since the same number is the
result and second, most oil dispersions are relatively stable. The
only variance noted in stability is caused by the dispersant,

Analysis of remote sensing data showed additional problems
with dispersants including, herding of the oil and the diract passage
of dispersant into the water column, Initial thinking was that
rendering dispersants more olecphilic would cure both of these
problems. Studies aiso began in EETD labs to examine possible
formulation changes for dispersants. Early work focused on “doping*
existing dispersant formulations with surfactants that would render
the mixture more oleophilic. This did not result in success because,
as can be seen later, dispersant technology is very critical in terms
of oil/water soiubility.

Investigations into the basics of surfactant technology hag
brought some revelations into the whole issue of dispersants and

formulation is sometimes even provided in general terms by
surfactant suppliers. The formulation was first developed as a low-
toxicity domestic degreasing or oil-removing formula.  The logic
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done to producs a stable product with an average HLB of around
10. The ionic surfactant is present 1o give even tighter packing but

One of the problems examined by a number of researchers was
the herding, or pushing aside, of the oif by the dispersant. This was
observed at a number of field trials and during actual applications.
Before 1880 or 80, most people believed that this phenomena was

Work done by Betcher on herding has shown that surfactants with
HLB's greater than 10 do herd and that this effect increases as the
HLB increases. This indicates that either the dispersant has high
HLB’s or that the surfactants ara Separating to cause herding. The
latter is largely confirmed by analysis of remote sensing data at the
Beaufort Sea trials which shows surfactant on the Sea surface slowly

The solvents in the old dispersant mixtures were aromatic
petrcleum solvents ang were quite toxic to aquatic Jife, After the
TORREY CANYON incident, this was changed to less toxic petroleum
solvenis. The generation of "no mix” dispersants saw thig change
to butyl cellosoive ang polyols. Butyl celiosolve is now regarded as
& chemical with potential heaith " problems. Improvements in
dispersants could also include soivent change because the current
solvents have g tendency to move the surfactants into the water
rather than dccommodate them to the oil,

Investigation into dispersant formulation continued with work on
simple mixtures, Rendering the existing mixtures more cleophilic
resutted in only slightly improved performance for fighter oils,
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Significant lessons were leamed about dispersant action
mechanisms:  that surfactant HLB is much more critical than
originally thought (one surfactant family showed a high effectiveness
with an HLB of 10.2, whereas the member with one more methylene
group showed no effectivensss and caused the oil to form
emulsion); that only surfactants with HLB of 10 showed promise, that
mixtures of surfactants to yieid an average HLB of 10 using high and
low HLB products were not as sfiective as single surfactants nor did
their group effectiveness indicate as high an effectiveness as would
be expected; that ionic surfactants by themselves had no
effectiveness and simply went into the water; and that most solid
surfactants did not work , largely because they would not mix with
the oil.
in 1988, a joint study with the U.S. MMS was begun to examine
another phenomenon, that of the accelerated weathering caused by
dispersants.’ 1t was known that dispersants caused accelerated
weathering of the oil, but the extent to which this might occur was
not. Two series of experiments were run, the first phase using
standard dispersant laboratory effectiveness apparatus, the Mackay,
the Labofina and the Swirling Flask test. The method of performing
the experiment was to measure oil in the water column and left on
the surface so that a mass balance could be achieved. In oils not
treated with dispersant all mass could be accounted for within the
experimental error of about 5%. For dispersant-treated oils the loss

mass was taken as the amount lost due to accelerated
weathering. This round of experiments resulted in the findings that
the amount of weathering was dependent on the oil type. The
amount lost from the treated oil was about haif of the maximum
amount lost through normal weathering on exposure for long periods
of time. For a series of common oils, this averaged about 10%, but
could be as much as 20% for a very light oil.

The second phase of the experiment involved analysis of both
the ol in the water and the oil remaining on top by gas
chromatography and compare this to the starting oil, Using
chromatographic analysis, it was found that accelerated weathering
again occurred to about the same percentage as found before. In
addition to this, a very important discovery was made, that the
composition of the oil in the water column and on the surface had
compositional changes other than those caused by weathering aione.
't was found more n-alkanes were taken into the water column for
those chain lengths correspondling to the same chain iength of the
oleophilic portion of the surfactant. Surface oil was deficient in these
same compounds, confirming the hypothesis that this was absorption
to the oleophilic portion of the surfactant. The oil on the surface
contained a higher amount of n-alkanes of longer chain lengths than
did the starting o, showing that separation of the oil does coowr to
a certain extert and that certain portions, eg. ionger molecules, areg

B T —
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less dispersable. These findings are significant, showing that longer-
chain surfactarts may be necessary to achieve greater dispersion,

must compensate for the acceierated weathering and that there are
lesser dispersable components of the oil,

The findings of the mechanism studies conducted up to 1990,
can be summarized as follows:

1. That separation of mixed surfactaryt systems ocours,

2. That herding is limited to Jow wave heights, <2 to 3 cm,

3. Herding in existing dispersants is largely due to the high HLB

fractions of mixed surfactant systems currently in use,

4. Dispersant use results in accelerated weathering of the oil,

5. Dispersants draw more of the oils compounds that correspond
i to their cleophilic chain lengths into the water,
1 8. That long chain lengths and perhaps other components of the
oil, are dispersed less than shorter chain lengths.
7. That the droplet sizes produced by most dispersants and
most oils in most apparatus may have the same size distribution

EFFECT OF TEMPERATURE, SALINITY, AMOUNT OF

DISPERSANT AND MIXING TIME
The effects of a number of basic parameters on dispersant
effectiveriess were testad using the swirling flask apparatus operated
in a normal configuration and using standard procedures except for
7 interest.® Dispersant was pre-mixed

TN MM LR S G ESE s

the variance in the parameter of |
with the oif to ensure a higher degree of repeatabifity. Al
experiments were performed with Alberta Sweet Mixed Blend (ASMB)
crude ol and the dispersant Corexit 9527, except where noted,

increasing temperature. Thers is approximately a two-fold rise in
effectiveniess with a three-fold rise in temperature, A large part of
this variation is due to the decreasing viscosity of the ol with
temperature rige.

(parts-per-thousand or degrees salinity) and falls down very sharply
with a decrease or intrease in salinity. Freshwater effectiveness is
nearly 0 for all four combinations. Separate experiments werg
conducted with other dispersarts, including those designed oy
freshwater with similar resuits. This indicates that ionic interaction is
necessary to the dispersion process, at lsast for the dispersants

e A Ao i g .
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tested. The decrease in effactiveness with salfinity increase above 40
Ppt was unexpected, but is easily explained by the fact that the main
surfactants in the products tested are non-ionic, These formulations
are optimal at a moderate ionic strength.

The effect of the amount of dispersant was studied by
conducting a series of experiments using differing amounts of
dispersant in the oil, ASMB in every case. The ratio of dispersant to
oil was varied from 1:5 to 1:80 in steps of 5 parts of cil. Results of
this experiment are shown in Figure 3. The curves are logarithmic
and are fitted using a least-squares methodology. The correlation
Coefficients for the values arg i

0.99. The behavipur of the various dispersants are consistent, the

A doubling of dispersant can easily result in a doubiing of
effectiveness and vice versa. Loss of dispersant in an experiment
can resutt in a very significant difference.

The effect of mixing time was investigated by running the
standard swirling flask experiment for times different than the usual

mixing time. 1 s mixing energy, as hag been shown by other
experiments, that will increase dispersant effectiveness.

METHODS OF PREPARING CAUBRAT{ON CURVES

colour at a specific wavelength.  This value is compared to a
standard curve and an effectiveness assigned. The preparation of
the standard curve was traditionally done by injected the appropriate
amount of oil directly into the methylens chioride and measuring
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VARIATION OF EFFECTIVENESS
WITH MIXING TIME
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colour density. When the swirling flask test was developed, it was
found that the traditional approach of preparing standard curves was

measurements at three separate wavelengths (340, 370 and 400 )
to overcome errors caused by the lack of resolution of the
spectrometer.

The effect of the dispersant on the calibration procedure was
tested but was not included because the commercial dispersants
tosted did not show a significant sffect, However, the reinvestigation
of this in recent times has shown that some surfactant mixtures will
result in high colorations of the methylene chioride causing high and
incorrect dispersant effectiveness. Tabie 3 gives summary values of
S0me experiments conducted to investigate calibration procedura,

Tabie 3 EFFECT OF CALIBRATION PROCEDURES ON EFFECTVENESS VALUES
Cii/Dispersant EFFECT IVENESS IN PERCENT AS GIVEN BY EACH CALIBRATION PROCEDURE
Combination  TRADITIONAL STANDARD STANDARD + CORRECTION

4]

ASMB + Corexit a3 an 33
issungnak + BQ "] L] 2% x
Issungnak + Corexit prd 2
Notnan Wells + BQ s 57 at 33
Synerude + BO 40 27 30

The means for performing each form of calibration is as follows.
The “tradiitional* method, not generally used by Environment Canada,

standard procedurs plus adding the dispersamt premixed in
Proportion to the actual test (1:25, dispersant to oil). This method

directly compensates for dispersant coloration but would require that
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Colorimetric readings are taken and subtracted from the ultimate
experimental results.  Thig method has the advantage that a
correction is achieved for sach dispersant without having to draw up
an entirg calibration curve. As can be seen from the table, thig
method yields results similar to the procedure of preparing an entire
calibration curve but is much simpler.

The results in Table 3 show that the dispersant BQ yields much
higher dispersant effectiveness than is correct. The dispersant BQ

SUMMARY RESULTS OF RECENT STUDIES
The recent studies can be summarized as follows:
1" The effs;ct of temperature is largely the result of changing

Dispersant effectiveness rapidly decreases when salinity is increased
or decreased. Freshwater effectivensss of presemt-day dispersants
is very low,

3. The amount of dispersant is very important to effectiveness.
Effectivensss falls to nearly G for a light oil at a dispersant to oil ratio
between 1:40 and 1:60,

4. Mixing time has little effect on effectiveness, and

5. Calibration procedure for laboratory dispersant effectiveness
tests is important. Calibration procedure must include contact with

performing the compensation but g very  tim
Compensation can by performed simp
blank through the calibration procedure.

8-Consuming.
ly by running a dispersant
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