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The use of dispersants of petroleum is often recommended in accidental aquatic
pollution situations where an oil layer is susceptible to reach the banks of a river
or a water pond. The petroleum is then emulsified in the water which allows it to
be bioavailable for degrading organisms. This bioavailability may be also
responsible of an increase of the oil toxicity for the living organisms in the water.
Additionally the dispersant itself is potentialy toxic and its release in the
environment must be controlled.

The use of petroleum dispersants at sea is well known and has been extensively
studied (Nelson-Smith 1968 ; Blackman 1974 ; Nagell et al. 1974). Some
procedures for the standardization of the dispersants were developed including
toxicity tests on marine organisms (Shelton 1969 ; Laroche et al. 1970 ; Harris et
al. 1977 ; Rewick et al. 1981).

Some studies deal with the use of dispersants in freshwater systems and their
effects on freshwater living organisms (Rehwoldt et al. 1974 ; Payne 1982 ; Wong
et al. 1983 ; Lockhart et al. 1987). The methods used were reviewed by
Vandermeulen in 1987. Recommendations about the use of oil dispersants were
formulated by the ASTM in 1984 (Allen 1984). It is generally admitted that their
use must be limited to the cases where a mechanical elimination of the oil layer is
not possible or may be dangerous for the fauna.

In the case of river streams, where the confining of the oil layer is often
impossible, the effect of dispersing the oil creates a strong peak of pollution
running along the river flow. The living organisms are submitted to a short and
intense pollution leading to acute effects.

The purpose of this work is the study of the time dependence of the acute toxicity
of oil and dispersants on a sensitive freshwater organism : Daphnia magna.

Two different oils were used : a crude oil from the southwest of France and a gas
oil free from volatile substances after being equilibrated with atmosphere. Two
commercial dispersants were used : British Petroleum Enersperse 1037 and Dasic
Freshwater for this study.

Send reprint requests to Eric Vindimian at the above adress.
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MATERIALS AND METHODS

The dispersants used were Enersperse 1037 commercialized by British Petroleum
and Freshwater by Dasic International limited, Hampshire, U.K. Oil emulsions
were prepared using either a polytron homogenizer or ultrasonication during 1 hr
at 4°C. The oil drops were monitored with a microscope, the emulsion was
homogenous with an average particle size of 2 m. Further dilution of those stock
solutions never changed this particle size.

Individuals from the Daphnia magna clone of our laboratory were used. Attention
was paid to use only daphnids aged 5 to 18 hr to prevent motting during the first 6
hr of the test.

Tests were conducted in closed tubes in order to eliminate water-gas interface and
avoid the formation of air bubbles.

The potential effect of closing the tubes was evaluated by running control tests
with chromium, in accordance with the French standard AFNOR T90301
(Association Frangaise de Normalisation). The results of the control tests are
summarized on Table 1.

Table 1. Control test using potassium bichromate.

Conditions IC50*, mg/L Clgs
Open 10 mL tubes, 5 daphnids per tube 1.08 0.73-1.50
Closed 5 mL tubes, 4 daphnids per tube 1.08 0.67-1.75
Closed 27 mL tubes, 5 daphnids per tube 0.96 0.66-1.39

* The 24-hr IC5 must be within 0.9 to 1.5 mg/L for the validity of the test.

Tests were carefully carried out to prevent the formation of gas bubbles in the
tube. When that occurred the test was discarded and run again. The daphnids
seemed to float at the water-gas interface which caused a change in the test result
and reproducibility. The number of immobilized daphnids was checked at regular
time intervals during the test (15, 30, 60, 90, 120, 180, 240, 360, 1440 min.).

The IC5 was defined as the concentration of toxicant for which 50% of the
daphnids were immobilized and calculated using the probit method (Finney
1971). When the conditions of application of this method were not valid, for
instance when immobilization changes from 0% to 100% from one concentration
to the concentration immediately above, the IC5q was estimated using the
geometric mean of the highest ineffective concentration and the lowest effective
concentration. The IC5( and the concentrations were expressed in pL/L of the oil
solution in water.

The IC5) versus time, oil type and dispersant was modeled using multiple linear
regression. The first step of the regression analysis was the weighing of
observations using a robust iterative regression based on the Andrew's sine
procedure with a constant value of 2.1. This led to a 0 weigh for the uncalculable
ICs( values like > 5000 pL/L. The second step was a stepwise regression to
discard the insignificant independent variables according to their Student t values.
The classical regression procedure was then run using the weighed observations
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and the relevant set of independent variables. All the calculations were performed
using the Number Cruncher Statistical Software on an IBM PC compatible
microcomputer. The variables used in that procedure are summarized in Table 2.

Table 2. Variables used in the regression procedure for modeling ICsq versus
time, oil type and dispersant.

Variables Typc* Values
Oil I -1= crude oil, 0= no oil, 1= gas oil
02 1 Square of Oil
LogT I Natural logarithm of time in hours
Disp I -1= Enersperse, 1= Dasic freshwater
OD 1 Interaction Oil X Disp
TO 1 Interaction Time X Oil
TD 1 Interaction Time X Disp
Logl D Natural logarithm of IC5q

* 1: independent variable, D : dependent variable.

RESULTS AND DISCUSSION

As the toxicity of oils can be strongly dependent on the quality of the emulsion, a
first comparison was carried out using two different kinds of emulsification
procedures. The results of this comparison are summarized on Table 3 ; no
significant difference was found between those two different procedures.

Table 3. Comparison between the two types of emulsification of the oil.

Oil Time, min IC5( Pol*, uL/L. ICso US*, ul/L
Enersperse 30 256 265
1037 60 258 265

90 258 265

120 256 265

180 256 260

240 256 260

360 250 260

1440 157 161

Dasic 120 >5000 >5000
Freshwater 180 5000 >5000
240 917 770

360 310 331

1440 256 152

* POL means that the oil was emulsified using an Polytron rotating homogenizer,
US means that the oil was emulsified using ultrasonication

The comparison of the toxicity of the two dispersants with and without crude oil
and atmospheric gas oil is reported on Table 4.

The Dasic Freshwater dispersant is less toxic than the Enersperse especially for
short term exposure. The crude oil is far more toxic than gas oil, the latter
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revealing essentially the toxicity of the dispersant. The graphs Figures 1 and 2
show the comparative toxicity of those dispersants and mixtures versus time.
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Figure 1. Toxicity of Enersperse.
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Figure 2. Toxicity of Dasic.

The differential toxicity of the dispersants is strongly time dependent. The Dasic
freshwater is only slightly less toxic than the Enersperse 1037 if the usual 24-hr
test is used. For a shorter exposure duration the ICg of Dasic is very high
whereas the Enersperse is much more toxic. This phenomenon does not allow the
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choice of the less toxic dispersant on a classical 24-hr toxicity test basis. This
emphasizes the interest of the use of different time intervals for the assessment of
the toxicity of oils.

Table 4. Toxicity of crude oil and atmospheric gas oil compared with the
dispersant toxicity. The crude oil or gas oil was mixed with the dispersant in the
proportion 9 to 1. (* means that the ICg was not calculated using the probit
method)

Oil Time Dispersant Crude Oil Gas Oil
min ICSO, p.L/L ICSO’ ML/L ICSO’ ILUL

Enersperse 30 261 >249 >500
1037 60 262 163 *>500
90 262 107 >500

120 261 110 424*

180 258 87 397*

240 258 53 397*

360 255 45 374*

1440 159 40 345

Dasic 30 >5000 218 6488
Freshwater 60 >5000 117 2130
90 >5000 74 1906

120 >5000 74 1481

180 >5000 69 1211

240 844 53 932

360 321 50 231

1440 204 35 99

As the dispersion of oil leads to short term peaks of pollution, the Dasic should be
recommended on a toxicological basis. However, this recommendation must take
into account the results of effectiveness and degradation tests for the knowledge
of the global behavior of the oil for the optimum use of dispersants in case of an
accidental oil spill.

The Table 5 summarizes the result of the multiple regression analysis. A strong
oil dependence was found, the total regression equation predicted the Log of ICs(
with an overall correlation coefficient of 0.991.

The regression equation is the following :

Log(ICsg)= 6.1 + 116 Oil - 04 Oil2 + 02 Disp +
0.3(OilxDisp) - 0.29 Log(T)

The oil toxicity is the most important variable that must be taken into account in
such cases of pollution. This is clearly shown by the coefficient of the variable Oil
in the regression equation. The fact that the gas oil is far less toxic than crude oil
could be due to the evaporation of toxic volatile fractions of the oil. This fact is of
peculiar practical importance since dispersion can occur in field situation after a
resting period, the oil layer staying at the surface of water to allow the
volatilization of toxic substances. The monitoring of the toxicity of the oil prior to
its dispersion could be a helpful in the decision making for an oil spill in
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freshwater. A simple and easy to handle daphnid short term toxicity test could be
this monitoring tool.

Table 5. Result of the multiple linear regression : The student t values where used
to calculate the probability that the associated coefficient is equal to zero. The
CI95 are the 95% confidence intervals on coefficients.

Variables Coeff. CI95% T value probability
Intercept 6.11 88 <0.0001
Oil 1.16 1.09:1.22 39 <0.0001
Disp 0.20 0.15:0.25 8 <0.0001
Log (Time) -0.28 -0.35:-0.23 -10 <0.0001
Oil X Disp 0.30 0.24:0.36 10 <0.0001
0il X Oil -0.40 -0.51 :-0.29 -8 <0.0001

In spite of the described difficulties of manipulation, lethal tests with Daphnia
magna can give valuable information about short term toxicity of the dispersants
and the mixtures oil-dispersant.
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