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Abstract 

GYLLENBERG, GoRAN & LUNDQVIST, GuNNAR : Some effects of emulsifiers and 
oil on two cope pod species . -Acta Zoo!. Fennica 148 :1-24. 1976. 

Authors' address: Department of Zoology, University of Helsingfors, N. Jiirn
vagsgatan 13, SF-00100 Helsingfors 10, Finland. 

The effects of emulsifiers and oil on Acartia bifi/osa and Cyclops (Mesocyclops) 
oithonoides were studied by examining: The formation of large lipid droplets in 
the rbody issue after death, the mean lethal dose, and the response in terms of 
oxygen consumption. 

At the least toxic concentrations of emulsifier and emulsifier + oil mixtures in 
filtered sea water, the animals contained significantly more soluble lipids than 
animals freshly caught from the sea, the amounts of lipids increasing with the 
time of survival in the test media. 

The concentrations giving the maximal amounts of lipid droplets differed with 
the test substances (Finasol S.C., Finasol OSR-2 and mixtures with oil), suggesting 
difference in their toxicity. This was confirmed by toxic ity tests, which demon
strated (1) that Finasol S.C. was more toxic to -both Acarlia and Cyclops than 
Finasol OSR-2, (2) that Finasol OSR-2 + oil was less toxic to Acartia than Finasol 
OSR-2 alone and (3} that Finasol S.C. + oil was more toxic than pure Finasol S.C. 

When exposed to emulsifiers or oil, the animals first performed escape move
ments. In Cyclops, these movements were random. A well-defined "activity period" 
was observed when oxygen consumption was measured. After this increase in loco
motor activity, the animals sank to the bottom and entered a condition of "narco
sis". None of them died during the 10-12 hour "narcosis" period, but some 
succumbed during the " activity period". In Acartia, the escape movements were 
directed away from the pollutant source. A:fter the initial "activity period", the 
mortality rate was constant, and the specimens died lQ--20 minutes after they had 
entered the stage of " narcosis" . 
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I INTRODUCTION 

Emulsifying substances (or emulsi
fiers) increase the speed of emulsifica
tion and are therefore often used to re
move oil slicks from the surface of the 
water. The emulsifiers used earlier con
tain about 60-80 °/o hydrocarbon sol
vent, with a high aromatic content (for 
example Finasol S.C., BP 1002, Essol
vene), and 8-30 °/o non-ionic surfac
tant. Because the aromatic hydrocar
bons are the most toxic to animals (see 
e.g. WrLSON 1970) , the proportion of 
these substances has been reduced in 
recent emulsifiers (such as Finasol 
OSR-2). The present study treats the 
effects of one highly toxic emulsifier, 
Finasol S.C., and one less toxic emulsi
fier, Finasol OSR-2 , on the metabolism 
of copepods. (A description of the com
position of these emulsifiers is available 
from FINA, 19 Rue de General Foy, 
Boite postale 7 52-08, F -7 5008 Paris , 
France.) 

The experimental animals chosen 
were one typically pelagic marine spe
cies, Acartia bifilosa Giesbr., and one 
freshwater species. Cyclops ( Mesocy
clops) oithonoides G.O.S. C. oithonoides 
also occurs frequently in the brackish 
water zooplankton in the inshore waters 

of the Gulf of Finland (see e.g. HALME 
1958) . 

The aim of the study was to perform 
some simple toxicity tests with the two 
emulsifiers, and with mixtures of oil 
and emulsifier. We also wished to 
study the amount of lipid droplets 
formed after the death of the animals 
from the lipid pools in their bodies, and 
to determine whether they had meta
bolized lipids or absorbed hydrocarbons 
from the surrounding test medium. 
MoRRIS (1974) has observed that in 
copepods exposed to crude oil or oil 
products , the proportion of hydrocar
bons in their lipids increase. 

ome simple tests were made to in
vestigate the escape movements of the 
animals from the point of discharge of 
the emulsifier. 

In a series of experiments run with 
polarographic equipment, fitted with a 
continuous recording device, we also 
examined the response of the animals 
to the test substance in terms of oxygen 
consumption (for details, see GYLLE -
BERG 197 3). During these experiments 
we observed the behaviour of the ani
mals, and compared our visual obser
vations with the oxygen consumption 
values. 

IT METHODS 

In the toxicity test5, 20 animals were placed in 
each of five Pet ri dishes (diameter 10 cm). T he 
test media consisted of sea water with four diffe
rent concentrations of emulsifiers or emulsifiers 
plus oi l. A dish of pure sea water was used as the 
control. After certain periods the number of dead 
animals was recorded and the animals removed 
from each Petri dish . 

Records were also made of the survival of the 
animals tested in the respiration chamber of the 
polarographic system. The dead individuals could 
be recognized as they bent their pereiopods back
wards and ceased to perform filter movements, 
often also bend ing their urosoma upwards in a 
sharp angle to the prosoma . 

In the tests in which the formation· of lipid 
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FIG. 1. The modified part of the polarographic equipment (cf. Fig. 1 in GYLLE BERG 1973). A = 
reservoir bottle for emulsifier solu tions, D = magnifying glass for visual observations of the copepods in 
the respiration chamber {R), facilitated by the use of a lamp (L). E = oxygen electrode E5046 in thermo
stat cell D 616 (Radiometer ). K = water flow from and into the crystal Lauda K4R, maintaining the 
temperature of the water bath and the thermostat cell at ± 0.01 ° C. M = synchronous motor, S = 
glass syringe, W = waste water container. 

droplets was studied, the animals were placed in a 
medium with a known concentration of emulsi
fier or emulsifier and oil. Parallel tests were run 
with filtered sea water, in order to observe the 
formation of lipid droplets in animal in a pure 
water culture. When the animals had died, or 
immediately before they died, they were picked up 
from both types of media and the amount of lipids 
contained in their bodies was measured. 

The lipid droplets formed in the body after 
death were stained with Fettrot 7B (Ciba) and 
Oil-Red-O by the techniques presented by Romeis 
{1968:258-259). The Oil-Red-O and Fettrot 7B 
methods stain the total amount of lipid material, 
including lipoids and certain hydrocarbons, pro
viding that these substances occur as fluids form
ing droplets . 

The volume of the lipid droplets wa~ estimated 
as the sum of several spheres, by measuring the 
radius of each sphere with the aid of a micro
meter. The volume of the animals was calculated 
as the sum of an ellipsoid {prosoma) and 
three cylinders {urosoma and the antennulae, see 
GYLLENBERG 1973). The volume of the lipid 
droplets is given as a percentage of the volume 
of the animals. 

The test chamber used for studying the escape 
movements had a volume of 2.1 m! and was con
structed from two object glasses, which formed the 
larger sides, and a piece of silicon tubing bent 
to form the smaller sides and the bottom. Within 
the chamber the animals could move in two di
rections: horizontally and vertically. A droplet of 
concentrated Finasol S.C. solution {0.025 ml) was 

discharged into an upper corner of the water body 
in the chamber, and the positions of all the ani · 
mals were recorded at regular intervals. 

A detailed description of the polarographic 
equipment used in the experiments is given in 
GYLLENBERG (1973). The recorder was a REC51 
servograph (Radiometer/Copenhagen ) with the 
high-sensitivity module REA112 . 

The follow ing modifications were made to the 
apparatus {cf. Fig. 1) : 

1. The route leading the reservoir water past 
the respiration chamber was eliminated . Control 
values for the reservoir water were obtained by 
replacing the respiration chamber containing ani
mals with the empty chamber. This arrangement 
reduced pressure differencies in the system. 

2. The water flow from the electrode was 
directed into a waste-water container {W in Fig. 
1), which was covered with a lid . The air in the 
container was sucked out at a constant rate through 
a tube in the lid, by a glass syringe (S) connected 
to a synchronous motor {M). This arrangement 
produced an extremely stable water flow through 
the polarographic sy tern. 

The waste water could not be led directly to 
the syringe, since this was found to interfere with 
the movement of the piston . The piston was 
greased with paraffin oil. 

3. The outlet tube from the reservoir bottle 
(A) with pollutants was placed in the middle of 
the bottle, so that the concentration of the mixture 
would be unchanged, since it was observed that 
the emulsifiers or oil tended to precipitate after 
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several hours. For the same reason on ly freshly 
homogen ized mixtures of emulsifiers or oil with 
sea water cou Id be used. 

The surface of the reservoir bottle was kept at 
the level of the pO•-electrode throughout the 
experiment, in order to avoid pres ure differencies 
in the system, which might affect the p02 values. 

4 . The tube from the respiration chamber to 
the p02-elect rode was shortened, so that the lag 
between oxygen pressure changes in the respiration 
cha mber and registration by the electrode was 
minimized. This also reduced possible oxygen dif
fusion through the walls of the plastic tube. The 
water fl owing ou t of the respiration chamber 
reached rhe electrode within one minute. 

5. Only the oxygen electrode was used in 
1974, since we found that the pH values measured 
by the pH elect rode cou ld not be transformed in-to 
pC02, as explained in GYLLENBERG (1973). The 
pH is probably affected both by excre tion prod ucts 
of the animals {ammonium products increasing 
pH), and by the emuls ifiers {progressively depress
ing pH, see P ER KINS 1968). 

Ill 

A. Preliminary tests with the polaro
graphic equipment 

Tests were performed to find out 

6. In the experiments with crude oi l, the oil 
was put on the urface of the water in the respi
ration chamber. A different type of chamber was 
used, in which the water flow was directed from 
the midd le of the chamber downwards . Th is left 
a non-turbu lent space at the top of the chamber, 
which could be filled with oil. 

The oi l used was sample A 28905 from ynas
hamn, Sweden, originating from Venezuela, with 
a sulphur content of 1.9 %. The emu lsifiers tested 
were Finasol S.C. and Finasol OSR-2. 

The experimental animals were caught at tor
fjarden immediately outs ide rhe Zoological Station 
of T va rminne, Finland , and by Drumso bridge, 
Helsinki . The Acar1ia specimens could not be 
cultivated in the laboratory, since they require re
circulating water flow systems (cf. ZILLIOUX & 
LAC Kt E 1970) and fresh flagellate cultures as food 
(cf. CoRKETT 1970, H EtNLE 1970), which could 
not be obtained . The Acartia specimens su rvived 
for about 48 hours in filtered sea water. Cultures 
of Cyclops oithonoides could be maintained for up 
to a yea r, by introducing algae (Scenedesmus) into 
the cu lture jars . 

RESULTS 

whether the emulsifiers dissolved in sea 
water affected the p0 2 values recorded 
by the oxygen electrode. Table 1 pre
sents the means and standard errors of 

TABLE I. Results of test runs with maximum concentrations of emulsifiers or oil and with filtered 
sea water: mean (X) in mm Hg, standard error (S.E.), number of readings ( ), t-value and corre
sponding probability {P ). The oi l was introduced on the surface of the water in the respiration chamber. 

x S.E . t-value p 

sea water 159.3 0.05 

1:} c sea water + 
2 oi l 0.1 mill 159 .0 0.21 

1.19 0.2<P<0.3 

sea wa ter 131 .9 0.46 
6 1 

N ea water + d c 10 000 ppm 149 .8 0.53 ::s .... Finasol 0 R 

0 .33 o.7<P<o.8 

sea water 132.3 0.96 4 1 
sea water + 4J "' 
10 000 ppm 148.7 0.62 

c Finasol S.C. 

J ::s ... 
sea water + 
10 000 ppm 142 .1 0 .29 

1.38 0.2<P<0.3 

12 .7 P<0.001*** 

Finaso l 0 R 
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FIG. 2. The relation between mean lethal dose (MLD) values (from probit analyses) and time in 

hours on a double logarithmic scale for Finasol S.C. solutions. Standard errors (sy) are indicated. 
line a (asterisks) = MLD values from the continuous water flow system with A cartia bifi/osa 
line b (open circles) = MLD values from Petri dishes for Cyclops oithonoide.r 
line c (plus signs} = MLD values from Petri dishes for Acartia bifilosa 

the means of the p02 values read every 
tenth minute with the highest concent
rations of oil and emulsifier used and 
with pure filtered sea water. The t-test 
gave a significant divergence for the 
emulsifier Finasol OSR-2 on the third 
run. It was observed that extensive use 
of this emulsifier affected the p02 va
lues in concentrations above 1000 ppm. 
For this reason only solutions up to 100 
ppm could be used in the experiments. 
The standard error is within the 0.5 Ofo 
limits of the mean. 

The movement of the water current 
directed into the respiration chamber 
was observed by staining sea water 
with a water resistent dye (Evans blue). 
The dye was spread evenly all through 
the chamber as it entered from the inlet 
tube, and did not leave any spaces with 
unstained water where the animals 
could escape from exposure to the 
emulsifier. 

B. Escape movements 

The measure used for the distance 
that the animals had reached from the 
starting point of diffusion of the emul
sifier (P) was the length of a vector in a 
polar coordinate system with P in ori
go. The vectors were classified into 
four frequency distribution categories 
(for the distances 1-14 mm, 15-2 
mm 29-42 mm and 43-56 mm). The 
empirical frequency distribution was 
tested against the theoretical distribu
tion (assuming random dispersal) with 
the x2 test (Table 2). With the Acartia 
individuals the x2 values were signifi
cantly different after 10 minutes ' ex
posure onwards indicating that the 
animals actively avoided the source of 
pollution. 11 the readings were done 
on living animals. The corresponding 
x2 values for Cyclops individuals show 
that thi animal move randomly 
around until death regardless of the 
diffusion of emulsifier into the water. 



TABLE 2. The distances reached by the test animals from the out let point (P) of the emulsifier Finasol S.C., measured as the length of a vector in the polar coordinate system with P in origo (see text). The empirical test values (E) were compared wi"th the theoretical frequency distribution (T) (assuming random movement} for different frequency classes, and for the time periods indicated. 

distance 
in mm pre-exp . 

start 2 min . 
from P situation 

E T E T E T 

1- 14 6 8 5 8 5 8 
15-28 ll 9 9 9 12 9 
29-42 8 7 8 7 6 7 
43-56 5 6 8 6 7 6 

X! 1.254 1.935 2.435 
prob. P 0.5<P<0.7 0.5<P<0.7 0.3<P<0.5 

distance 
in mm pre-exp. 

start 5 min . 
from P situation 

E T E T E T 

1-14 7 8 6 8 7 8 
15-28 8 9 10 9 8 9 
29-42 9 7 8 7 10 7 
43-56 6 6 4 6 5 6 

X! 0.808 1.421 1.688 
prob . P o.8<P<o.9 p = 0.7 0.5<P<0.7 

A. Acartia bifilosa (30 anima ls ) 

5 min. 10 min. 

E T E T 

2 8 1 8 
7 9 7 9 

11 7 11 7 
10 6 10 6 

7.397 11 .52 
O.G5<P<0.1 0.005<P<O.Ol ** 

B. Cyclops oitho11oides 

15 min. 60 min. 

E T E T 

6 8 5 8 
12 9 11 9 
5 7 5 7 
7 6 9 6 

2.238 3.641 
0.5<P<0.7 0.3<P<0.5 

20 min. 

E T 

1 8 
10 9 

8 7 
11 6 

10.55 
0.01 <P<0.025* 

2 hrs 

E T 

7 8 
8 9 
5 7 

10 6 
3.474 

0.3<P<0.5 

45 min . 

E T 

0 8 
10 9 
12 7 
8 6 
12.3 5 

0.005<P<O.Ol ** 

4 hrs 

E T 

6 8 
10 9 
5 7 
9 6 
2.683 

0.3 <P<0.5 

10 hrs 
(all dead) 

E T 

5 8 
11 9 
7 7 
7 6 
1.736 

0.5<P<0.7 

> 

E 
N 
0 
0 
t-" 
0 
Cl 
() 
> 
'"" ~ 
~ 
.... ... 
00 

...., 
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MLD 
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FIG. 3. The relation between mean lethal dose (MLD) values (from probit analyses) and time in hours 

on a double logarithmic scale for Finasol OSR-2 solutions. Standard errors (sy) are indicated 
line a (sta rs ) = MLD values from Petri dishes, Finasol OSR-2 + oil, for Acarlia bifi/osa 
line b (open circles) = MLD values from Petsi dishes for Cyclops oithonoides 
line c (asterisks ) = MLD values from the continuous water flow system for Acarlia bifi/osa 
line d (plus signs) = MLD values from Pet ri dishes for Acartia bifi/osa 

Apparently the emulsifier affects only 
the intensity of its movements (cf. flow
ing water polarographic experiments). 

C. Toxicity tests 

The results of the toxicity tests are 
shown in Figs. 2-3. For every reading 
of the number of dead individuals a 
probit analysis was performed (see 
SAuNDERS & FLEMING 1971), by plot
ting the logarithm of the emulsifier 
concentration against the number of 
dead animals in a probit scale. This 
analysis gave mean lethal dose (M.L.D.) 
values for given periods, and sy (stan
dard error of the concentration value 
measured at the probit value 5.0). 
These M.L.D. values and standard 
errors are plotted against time in Figs. 
2-3. The following interpretations can 
be made: 

1. The relation between the M.L.D. 
values and time is linear on a double 

logarithmic scale. The slope of all the 
lines is the same. 

2. The Acartia individuals surviv
ed longer in the continuous water flow 
system in the polarographic experi
ments. 

3. The mixture of oil and Finasol 
OSR-2 was less toxic for Acartia bi fi
losa than Finasol OSR-2 alone. The 
mixture of oil and Finasol S.C. killed 
all the Acartia specimens within one 
hour at all concentrations (lowest con
centration 10 ppm), for which reason 
no M.L.D. value could be calculated. 

4. Finasol S.C. was much more 
toxic for both Acartia and Cyclops than 
Finasol 0 R-2. 

D. Content of fluid lipids 

The experiments in which the con
tent of lipids was determined were per
formed with copepodites and young 
adults which normally store fluid li-
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FIG. 4. Acartia bifilosa, freshly caught young 
adult, stained with O il-Red-O after death . o 
lipids are visib le in this animal. 

pids as food reserves (see e.g. WEsE -

BERG-LuND 1939 and B E •so & L EE 

1975). Adult females use all their lipid 
reserves for egg production, and when 
freshly caught do not contain any lipid 
droplets at all (BENSON & L EE 1975) . 
However, a control series with onlv 
females in different concentrations o.f 
emulsifiers revealed that after exposure 
to emulsifier solutions they always con
tained fluid lipids in addition to the 
egg lipids (cf. Figs. 9-11 for Acartia 
females in Finasol OSR-2 with oil so
lutions), although the proportion of so
luble lipids was slightly lower than for 
copepodites. According to W EsE BERG-

FIG. 5. Acartia bifilosa exposed to 500 pprn 
Finasol OSR-2, stained with Fettrot 7B and 
Meyers haematoxylin. The dark circles (indicated 
by arrows) are lipid droplets. The animal shows 
extensive degradation of body tissue, and the 
lipids are caught under its exoskeleton. 

L uND (1939) , copepods constitute an 
important link in the food chain, since 
they store lipid oils from diatoms, and 
these oils are later stored as fats in 
fish and birds. 

The finding that Finasol OSR-2 was 
less toxic when mixed with oil (see 
toxicity tests) was confirmed by deter
minations of the amount of lipid drop
lets formed after death. Formation of 
large lipid droplets after death is a 

FIG. 6. Cyclops oithonoides exposed to 100 ppm 
Finasol S.C., stained with Oil-Red-O. All the dark 
spots are lipids. T he lipids are distributed through
out the body immediately after death. The distri
bution of lipid droplets in the animal is elucidated 
by a drawing. 

purely physical process, since small li
pid reserves in the cells and tissues join 
into larger droplets , following the law 
of surface tension (compare Fig. 6 with 
Fig. 7). The animals in mixtures with 
oi l had a higher TDso (time to 50 Ofo 
death) values and subsequently con
tai ned larger amounts of lipids. The 
results are documented with a selection 
of photographs (Figs. 4-11). The dark 
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FIG. 7. Cyclops oithonoides. The same animzl as 
in Fig. 6, observed one hour la ter in the test me
dium (100 ppm Finaso l S.C.). The lipids have 
collected in larger droplets outside the animal, 
indicating a rupture in the exoskeleton. The total 
amount of lipids is unchanged. Their distribu tion 
in the body is elucidated by a drawing. 

stained areas, often demarcated by a 
dark border, are the lipid droplets. 

A test was performed to check that 
the surrounding medium did not have 
a physical or chemical effect on the 

FIG. 8. Cyclops oithonoides exposed to 10 000 
ppm Finasol S.C. All the dark stained areas (Oil
Red-O ) in the midd le of cephalothorax represent 
lipids (i ndicated by an arrow). 

amount of lipids forming droplets after 
death. Some animals were picked up 
immediately before they died and ana
lysed for lipids ; other animals were left 
in the medium for about 24 hours after 
death (cf. Fig. 6 with Fig. 7). The 
amounts of droplets formed did not 
differ significantly. 

Comparison with freshly caught in
dividuals of both Acarlia and Cyclops, 
used as co::1 trols (Fig. 4) , showed that 
the amounts of lipids forming droplets 
were significantly higher at the least 
toxic concentrations of each pollutant 
mixture (Table 3) . 

The relati on between TDso, the con-

FIG . 9. Acarlia bifilosa, female, exposed to 10 
ppm of Finasol 0 R-2 with oil (stained w irh O il
Red-O). T he dark stained droplets are lipids (indi
cated by arrows), the ligh t structures are eggs de
ve lopi ng in the oviduct. 

centration of the emulsifier, and the 
percentage of lipid droplets formed in 
the animals i illustrated in Figs. 12-
15. As might be expected, the TDso de
creases as the concentration of the 
emulsifier increases. The relatively 
amount of lipid droplets increases from 
the percentage in freshly caught ani
mals (controls in Table 3) to a maximal 
val ue at different concentrations for 
different mixture (maximum values at 
10 ppm Fina ol .C. for Acarlia, at 
1000 ppm .C. for Cyclops, at 10 ppm 
Finasol 0 R-2 for Acarlia, and at 200 
ppm 0 R-2 piu oil for Acartia). 
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T AB LE 3. Relative lipid volumes (% of body volume) in copepodits II-IV and young adul ts exposed 
to different concentrations of emulsifiers: mean value (X}, standard error (S.E.}, and nu mber of observations 
( ). The t-test was performed between freshly caught animals (controls} and test animals exposed to diffe
rent emulsifier concentrations, P = correspond ing probability. 

concn. ppm 

10000 
1000 

100 
10 

concn. ppm 

20 
10 

concn . ppm 

100 
10 

concn . ppm 

1000 
200 

50 
10 

species 

Cyclops 
Acartia 

D. 

A. Finasol S.C. , Cyclops oith01zoides 
lipid percentage 

x S.E. t-value p 

0.43 0.16 3 0.07 P>0.9 
5.39 1.26 4 3.75 P<0.01 
3.09 1.46 3 1.74 O.l<P<0.2 
0.205 0.205 2 0.59 P= 0.6 

B. Finasol S.C., Acartia bifilosa 
lipid percentage 

x S.E. N t-value p 

0.1 0.05 3 1.07 0.3<P<0.4 
1.99 0.4 3 3.79 P<0.01 ** 

c. Finasol OSR-2, Acartia bifilosa 
lipid percentage 

x S.E. N t-value p 

0.58 0.19 3 1.00 P=0.4 
2.03 0.665 3 2.49 O.D2<P<0.05* 

Finasol 0 R- 2 + oil, Acartia bifilosa 
lipid percentage 

x S.E. N t-value p 

1.315 0.1 4 4 4.26 P<O.Ol ** 
2.36 0.538 5 3.59 P<0.01 ** 
1.57 0.46 3 2.53 P=0.05* 
1.17 0.12 2 3.83 P= 0.01 ** 

E. Controls, from sea water 

X 

0.46 
0.31 

lipid percentage 
S.E. t-va lue p 

0.38 3 
0.19 5 

In contrast to the fr·eshly caught 
controls, which presumably contained 
the same amount of body lipids as ani
mals in the sea, the animals kept in sea 
water for 20-24 hours never contain 
ed lipid droplets (see also B ENSON & 
L EE 1975). The animals kept in the test 

FIG. 10. A cartia bifilosa, female, exposed to 50 
ppm of Finasol OSR-2 + oil (dye O il -Red -O). 
The dark stained droplets are lipids (indicated by 
arrows}. 
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FIG . 11 . Acartia bifilosa, female, exposed to 
1000 ppm of Finasol OSR-2 +oil (dye Oil-Red
O ) . The light d roplets are eggs developing in the 
oviduct, lipids can be discerned as small dark 
spots at the front and back of the cephalothorax. 

media may therefore be assumed to 
have used some of the lipids for main
tenance metabolism. As the animals 
survived for longer periods at low 
emulsifier concentrations these speci
mens should accordingly have used 
more lipids for maintenance than the 
animals in higher concentrations. Table 
4 shows the results of a test performed 
with the values for lipids, in which they 

were converted to calories (9.5 cal/mg 
lipid) and added to the amount used 
for maintenance during the survival 
period (TDso). The latter amounts was 
calculated from the routine metabolic 
rate (RMR ; GYLLE BERG 197 3) and 
converted to calories ( oxycaloric co
efficient 5 callml 02 onsumed). The 
t-test showed significant differences 
between the lipid material in the fresh
ly caught animals (copepodites) and the 
total amounts obtainable for the ani
mals exposed to the least toxic emulsi
fier concentrations. However, an ana
lysis of variance showed that the values 
did not differ significantly between the 
different concentrations (as for the 
Finasol S.C. series, Cyclops, and Fina
sol OSR-2 plus oil series, A cartia). In 
these tests it was assumed that the 
animals used only lipids for mainte
nance metabolism. 

The animals kept in filtered sea 
water survived for about 4 hours. The 
total amount of calories used until their 
death was calculated, and found to be 
1.5 to 2 times the energy obtainable as 

liptds of body vol 

F IG . 12. The relation between TDso in hours, the concentration of the emulsifier Finasol S.C. in ppm, 
and l ip ids as a percentage of body vo lume. Experimental an imal : C)d ops oithonoides. T he standard errors 
are ind icated for the lip id va lues (cf. T able 3). Figs . 12-1 5, 19 and 21 are three-dimensional diagram . 
Two of the dimensions are illustrated by the sma ller sides of the triangles (x-value and y-value). T he po· 
si t ion of the triang les on the z-axis gives the third dimen ion. T he asterisks (*} are the actual measuremen ts . 
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FIG. 13 . The relation between TD5o in hours, the concentration of the emulsifier Finasol S.C. in ppm, 
and lipids as a percentage of body volume. Experimental animal: Acartia bifilosa. The standard errors are 
indicated for the lipid values (cf . Table 3). 

log t r o501 

"'-------------...---------------1'
2 

·• lipids of body vol. 

FIG. 14 . The relation between TD5o in hours, the concentration of the emulsifier Finasol OSR-2 in pprn, 
and lipids as a percentage of body volume. Experimental animal: Acartia bifilosa. The standard errors are 
indicated for the lipid values (cf. T able 3) . 
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TABLE 4. Maximum amounts of calories obtainable as lipids during the time of survival (TDso), calculat
ed by converting relative lipid volumes to calories/mg body weight and adding the amounts of calories con
sumed (derived from RMR values of oxygen consumption). x = mean value, S.E. = standard error, d.f. = 
degrees of freedom. t-tests were performed between freshly caught copepodits and copepodits exposed to 
different emulsifier concentrations, and the analys is of variance was made between different concentrations 
of the same emuls ifier. P corresponding probability. 

species and 
test medium 

total amount lipids obtainable cal/mg 
X. S.E. d.f . t-value p 

Cyclops 

Finasol S.C. 
1000 ppm 

100 ppm 
10 ppm 

freshly caught 
controls 

Acartia 

Finasol S.C. 
10 ppm 

Finasol OSR 
10 ppm 

Finasol OSR + oi l 
200 ppm 

50 ppm 
10 ppm 

freshly caught 

0.5391 
0.3278 
0.066 

0.046 

0 .268 

0 .238 

0.278 
0.166 
0.177 

0.1 26 
0.155 
0.066 

0.038 

0.034 

0.078 

0.053 
0.049 
0.018 

5 
4 
3 

3 

6 

6 

9 
6 
5 

3.747 
1.23 
0.263 

6.08 

2.58 

4.36 
2.58 
5.58 

0.01 <P<0.02** 
0 .1<P<0.2 

P=0.8 

P<0.001*** 

0 .02<P<0.05* 

0 .00 1 <P<O.Ol ** 
0.02 <P<0.05* 
0.001 <P<O.Ol ** 

controls 0.031 0 .019 5 

analysis of variance between 1000, 100, 10 ppm Finasol S.C. for Cyclops gives F = 3.41, P> 0.05 

analysis of variance between 200, 50, 10 ppm Finasol OSR with oil for Acarlia gives F = 2.2, P>0.05 

fluid lipids. The animals thus had to 
burn other substances in order to sur
vive for the 48 hours. 

As both the time of exposure and 
emulsifier concentration affected the 
survival of copepods, an additional test 
was performed in which all the animals 
were killed after 30 minutes' exposure 
to different emulsifier solutions. Table 
5 shows the lipid values for Acartia 
specimens in Finasol OSR-2 plus oil, 
and for Cyclops specimens in Finasol 
S.C. solutions. The results are compar
able to those in Table 3, but the maxi
mal values are displaced towards lower 
emulsifier concentrations. This may be 
due to the overall physiological state 
of the animals, since the results in 
Table 3 were obtained with animals 
caught in September, but those in Table 
5 with animals taken in January. 

E. Flowing water polarographic 
experiments 

1. Cyclops oithonoides 

Fig. 17 presents a respiration curve 
typical of the Cyclops individuals. The 
animals were first acclimatized in sea 
water without emulsifier for 1-2 hours 
(dotted line in Fig. 17). The respiratory 
rate of the animals then corresponded 
to the routine metabolic rate (RMR). 
After that the animal chamber was re
moved for a short period (5-10 min), 
the sea water being led past the cham
ber with a connecting tube. The curve 
level before the emulsifier wa intro
duced thus represents values without 
animals. When the animal chamber 
was connected again, the emulsifiers 
were introduced. The short period 
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!og rro50 1 

- 1 

3 "o lipids of body vol. 

FIG. 15 . The relation between TDso in hou rs , the concentration of the emulsifi er Finasol OSR- 2 + oil 
in ppm, and the per cent of lipids of body volume. Experimental animal: Acartia bifilosa. T he standard 
errors are indicated for the lipid values (cf. Table 3). 

TABLE 5. Relative lipid volumes (% of body volume) in copepodits II-IV and young adults exposed 
to different concentrations of emulsifiers, mean value (x ), standard error (S .E. ), and number of observa
tions ( ). In these experiments all the animals were killed after 30-min exposure to the emulsifier. The 
t-test was performed between freshly caught animals (controls) and test animals exposed to different emul
sifier concentrations. P = corresponding probability. 

A. Finasol 0 R-2 + oil, Acartia bifilosa 
concn . ppm lipid percentage 

x .E. t-value p 

200 0.634 0.137 6 3.822 0.001 <P<0.01 ** 
50 1.663 0.097 8 13.576 P<0.001 *** 
10 0.529 0. 187 6 2.262 o.o2<P<o.os* 

control 0.102 0.025 6 

B. Finasol .C., Cyclops oitho11oides 
concn. ppm lipid percentage 

x .E_ N t-value p 

1000 0.750 0.131 6 3.170 p 0.01 ** 
100 1.128 0.116 8 6.046 P<0 .001 *** 

10 0.774 0.156 8 2.433 0.02<P<0.05* 
control 0.328 0.028 6 
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Jlll hr 

anaesthetic 

.5 

0 

SM R 

Finasol S.C. • sea w a ter reference . ... mg 

---------- 1 

2 3 hrs 

FIG. 16. Recorder outputs of oxygen consumption values measured from the time of introduction of an 
anaesthetic substance (5 X 10-5 g/ml physostigmum salicylinum), for Cyclops oithonoides. The oxygen 
consumption va lues in ~-tl per hour are given on the left-hand axis, and the biomass of the animals in mg 
(broken line) on the right-hand axis . Changes in the composition of the water led into the respiration 
chamber are indicated by arrows: to sea water with 1000 ppm of Finasol S.C., to pure sea water, and to 
reference (control). SMR = standard metabolic rate. Temperature 14.6° C, salinity 6 %, water flow 3.5 
ml/hours. For details, see text. 

when the animal chamber was removed 
caused a slight decrease in the oxygen 
values measured, but this decrease was 
insignificant and could not be traced 
on the recorder output curves. 

An increase in oxygen consumption 
occurred immediately after the emulsi
fier or oil was added to the respiration 
water. This increase was not seen when 
anaesthetized animals were used (Fig. 
16), and was therefore not the direct 
effect of the emulsifier or oil. H ow
ever, the introduction of these sub
stances caused an increase in locomotor 

activity. This increase lasted for diffe
rent periods in different emulsifier con
centrations (cf. Fig. 19). The length of 
this "activity period' was determined 
by taking the interval between the 
poi nt where the respiratory rate rose 
above the RMR level and the poi nt 
where it reached this level again (as in 
both A cartia and Cyclops at the lower 
emulsifier concentrations), or fell ab
ruptly to the standard metabolic rate 
(as in Cyclops at the higher concentra
tions). 

We have adopted the definitions of 

Jlflhr le ll mg 
------ ---- ------------------- -----, 

I ·--, 
.2 

.1 

-------~ --------

.1 

RMR 
·· ·~· · 

~---- SMR 

0 2 3 hrs 

FIG. 17. A typical example outputs of oxygen consumption values mea ured from the time of intro
duction of the emulsifier solution, for Cyclops oithonoides. The oxygen consumption values in ~-tl per 
hour are given on the left-hand axis, and the biomass of the surviving animals. in mg (broken line) on the 
right-hand axis . + = peak in oxygen consumption, indicating death of adults, +c = peak in oxygen 
consumption, indicating death of copepodits. Dotted line = !UYIR control values calculated for the living 
biomass at the beginning and end of the experiment. Emuls ifie r Finasol .C. 1000 ppm, temperature 11.5 
° C, salinity 6 %o, water flow 6 ml/hour. For details, see text. 
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respiratory rates given by KrN E 
(1970). Standard metabolic rate (SMR) 
refers to the minimum energy require
ments for the maintenance of all vital 
functions, routine metabolic rate (RMR) 
to energy demands for spontaneous 
normal activity, and active metabolic 
rate (AMR) to energy requirements 
during sustained forced activity. It 
should be pointed out, however, that 
the standard metabolic rate is equiva
lent to the "basal metabolic rate" as 
defined by NEwELL & NoRTHCROFT 
(1967) and BLAZKA (1971) for poikilo
thermic marine organisms. This fact 
was established by a si mple experiment 
in which the Cyclops individuals were 
anaesthetized with 5 X 10-5 g/ ml phy
sostigmum salicylinum in order to re
move any possible muscle activity dur
ing the oxygen consumption process 
(Guwrcz 1968). This experiment esta
blished that the standard metabolic rate 
is equivalent to the metabolic rate of 
the CyclofJs individuals during a con
dition of " narcosis" after AMR. 

The anaesthetizing substance (physo
stigmum salicylinum) blocks the synap
ses of the peripheral neuromuscular 
system (Guwrcz 1968). The effect was 
observed after 20 minutes incubation 
of the animals in this anaesthetizing 
medium, and as is seen in Fig. 16, it is 
exactly the same as the effect of the 
1000 ppm solutions of Finasol S.C. 
When fresh sea water was pumped into 
the animal chamber, the respiratory 
rate returned to the RMR level (see 
Fig. 16) . 

It appears that the activity response 
may vary between experiments with 
the same emulsifier solution, and that 
the occurrence of peaks in oxygen con
sumption may merely depend on when 
the animals are agitating each other 
(about 20 individuals used in each ex
periment). The peaks could occur at the 
beginning or end of the activity period , 
as is seen in Fig. 18, which show the 
rates recorded with different concen
trations of Finasol S.C. 

Some conclusions can be drawn from 
the results illustrated in Fig. 19: 

1. The length of the activity period 
decreases as the concentration of emul
sifier increases. 

2. The total amount of energy used 
for activity during the activity period 

( {R,.) reached a maximum in solu

tions of 500 ppm, decreasing at lower 
and higher concentrations. Fig. 19 gives 
the standard errors of the integral at 
three concentrations, whereas the 
length of the activity periods is a mean 
value. 

From Fig. 17 it is also possible to 
trace the behaviour of single individ
uals. It was evident that all the indi
viduals that died succumbed during the 
activity periods. The collapse of the 
energy-regulating mechanisms is indi
cated in the curves by a sudden sharp 
increase (Figs. 17-18, symbol + ). 
Death often occurred immediately after 
a peak in oxygen consumption. 

The animals that survived the acti
vity period fell to the bottom as their 
filter movements stopped, and they 
entered a stage of "narcosis" . PERKINS 
(196 ) assumed that the condition of 
narcosis was caused by a drop in pH in 
the water. But measurements of pH 
made during some experiments never 
showed changes greater than 0.3 units 
in concentrations of the emulsifier up 
to 1000 ppm. We therefore believe that 
the "narcosis" is rather the result of the 
toxicity of the emulsifier. During this 
stage the animals could perform some 
filter movements sporadically if agitat
ed by knocking on the respiration 
chamber. The "narcosis" could last for 
at least 10-12 hours, and the animals 
recovered when put in pure sea water. 

The rate of respiration during "nar
cosis" is quite close to the standard 
metabolic r:::tte (cf. Figs. 17-18), but 
Cyclops individuals in lower concen-
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trations (below 50 ppm) of Finasol S.C. 
alvays performed filter movements, 
thus respiring at the RMR. The amount 
of oxygen consumed during activity 
was lower in high concentrations, pro
bably owing to the toxicity of the emul
sifier, whereas the animals seemed to 

2 

I 
L._ __ __ ________ -- - - - - -- - --

RMR 

SMR 

3 4 hrs 

acclimatize to lower emulsifier con-
centrations. ~ 

2. Acartia bifilosa. 

The type of response was quite diffe-
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FIG. 18 . Recorder outputs of oxygen consumption values measured from the time of introduction of the 
emulsifier Finasol S.C., for Cyclops oithonoides. The oxygen consumption values in 111 per hour are given 
on the left~hand axis, and the biomass of the surviving animals in mg (broken line) on the right-·hand axis. 
+ = peak in oxygen consumption, indicating death of adults, +c = peak in oxygen consumption, indicat: 
ing death of copepodits . D otted line = RMR values for the liv ing biomass. Concentrations: A. 50 pprn, 
B. 200 ppm, C. 500 ppm, D . 2000 pprn, E. 10000 ppm. Temperature 11.5° (, salinity 6 %o, water flow 
6 rnl/hour . For details, see text. 

rent in populations of Acartia (about 
20 animals used in each experiments), 
~s demonstrated by Fig. 20. The initial 
mcrease in oxygen consumption due to 
activity was followed by a gradual de
crease. The animals first sank to the 
bottom of the respiration chamber, and 
performed filter movements. After a 
whi le the filter movements stopped, 
and the animals entered "narcosis". As 
is shown in Fig. 20, animals died 
thoughout the experiment, but the indi
viduals surviving after two hours were 
in a state of "narcosis" and respired at 

a rate of 0. 1 ~1/hr/mg, whereas the in
dividuals surviving after one hour had 
a rate of 0.26 ~1/hr/mg (extrapolated 
from Fig. 20). The normal respiratory 
rate (RMR) is about 0.3 J.tl/hr/mg 
(GYLLENBERG 1973). This type of re
sponse was typical for both emulsifiers 
and all the concentrations used. 

In Fig. 21 the amount of oxygen con-

sumed for activity ( ~~~. ) has been 

plotted against the activity period (in 
hours) and Finasol S.C. concentration. 
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FIG. 19. The relation between the concentration of the emulsifier Finasol .C. in ppm, the integral of 
respiration due to act ivity over the activity period in hours, and the activity period in hours (mean value) . 
Experimental animal: Cyclops oithonoides. The standard error for the equivalent number of experiments 
(N ) is given for rhe integral va lue (broken line). 

Both the length of the activity period 
and the integral for respiration de
creased with increasing emulsifier con-
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centrations indicating a directly toxic 
effect of the emulsifier Finasol S.C. m 
higher concentrations. 
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FIG. 20. A typical example of recorded output of oxygen consumption value measured from the time of 
introduction of the emulsifier solu tion, for Acartia bifilosa. The Oll.1•gen con umption value in ~ll per 
hour are given on the left-hand axis , and the biomas of the surviving animals in mg (broken line) on the 
r ight-hand axis. D ot ted line = RMR va lue . Emu! ifier used Es ochem 0 D 9517 1000 ppm, temperature 
ll.5° C, salinity 6 %o, water flow 6 ml/hour. For details, ee text. 
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fiG . 21. The relation between the concent ration of the emulsifier Finasol S.C. in ppm, the integral of 
respiration due to activity over the activity period in hours, and t:he activity period in hours (mean value). 
Experimental animal: Acartia bifilosa. The standard error for the equivalent number of experiments ( ) 
is given for the integral va lue (broken line). 

IV DISCUSSION 

In this study the effects of emulsi
fiers and emulsifiers plus oil on Acartia 
and Cyclops were studied by examin
ing the production of liquid lipids in 
the body tissues, the mean lethal dose, 
and the response in terms of oxygen 
consumption. 

Oil-Red-O and Fettrot 7B are in
tensive dyes for material consisting 
solely of lipids (RoMEIS 1968), but li
pids forming compounds with other 
substances, as lipoproteins, do not stain. 
This is also true of the lipids becoming 
part of the eggs formed in the oviduct 
(cf. Figs . 9, 11 ). Besides lipids, these 
dyes stain certain hydrocarbons , and as 
the hydrocarbons that a re ingested by 
marine organisms become part of their 

lipid pool (BLUMER & al. 1970a), they 
are likely to be stained. 

It appears that copepods normally 
ingest small amounts of non-aromatic 
hydrocarbons (BLUMER & al. 1970a, 
1970) , but when they are exposed to 
crude oil or oil products the proportion 
of hydrocarbons in their lipids increase 
(MoRRIS 1974). It is possible that the 
increase in liquid lipids was caused by 
increased ingestion of non-aromatic 
hydrocarbons in our experiments. In 
this case, as BLUMER & al. (1970b) have 
demonstrated that hydrocarbons are 
stable copounds in copepods, these ani
mals would be predestined to become 
carriers, concentrating large amounts 
of hydrocarbons that are derived from 
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emulsifiers or oil but resemble natural 
biochemically important hydrocarbons. 

Another explanation can also be 
found for the increased total amount of 
lipids : As BLUMER & al. (1970b) pointed 
out, the non-aromatic hydrocarbons 
would maintain the lipids in a liquid 
form for ready metabolism. Thus they 
could affect the proportion of lipids 
present in the form of liquid droplets 
after death. 

The other components of emulsifiers 
and oil may also affect lipids. NELSON
SMITH (1972) observed that the arom
atic hydrocarbons and the surfactant 
fractions both have marked effects on 
lipoproteins. The aromatic solvent has 
been found to be most toxic to animals 
(WILSO 1970) and may interfere with 
the activity of enzyme systems and 
other oroteins (MANWELL & BAKER 
1967). The surfactant probably damag
es the intercellular membranes (BAKER 
1970). 

Our results show clearly that emulsi
fiers and oil have pronounced effects 
on the Iipicl metabolism of Acartia and 
Cyclops. Whether this is due to a total 
increase in lipid material. or just the 
resnlt of the physical effects on the 
lioids of thP. oortions fhvdrocarbons) of 
the emulsifiers absorbP.d by the cone
pods is not rlear at this stap-e of in
vestig-ation. However. thP. fact that fe
males exnnst>ci to emulsifiers also con
tain fluicl linids indiratt>s that the ani
rn ~ls orob::~hlv metabolize comnonents 
nf tl.e emulsifiers and store them as 
lipiifs. 

In the toxicity tests. comparison with 
the survival of animals kept in pure 
sea-water (surviving for about 48 
hours) hnwed that both t>mnlsifiers 
(Finasol S.C. and Finasol OSR-2) are 
toxic to A cartia and Cvclops their 
toxicity inrrea~i .... l! with their conct>n
tration. The TDso increasP.d sig-nifi
cantlv for Ar.artia in a continuo11s wa
ter flow sv tP.m, iPclicatin ~r rlearl v that 
these animal are favourably affected 

by water currents (cf. GYLLE1 BERG 
1973). 

Toxic effects of emulsifiers have been 
demonstrated earlier by, e.g., CAPART 
(quoted by NEL o -SMITH 1970) , who 
showed that 1000 ppm concentrations 
of Finasol (probably S.C.) were highly 
toxic and 100 ppm concentrations still 
somewhat toxic to Daphnia pulex. It 
appears that the emulsifiers only block
ed muscular activity in Cyclops, but 
probably had a directly poisonous ef
fect on the Acartia individuals, as they 
did not survive for more than 10-20 
minutes after inactivation. 

Different views have been expressed 
on the question whether mixtures of oil 
and emulsifiers are more or less toxic 
to marine animals than the emulsifier 
alone (cf. PERKI 1968 and PoRTMA N 
& Co ER 196 ). NEL oN-SMITH (1972) 
assumed that the effect of combining 
emulsifier with oil would depend on 
whether or not the emulsifier increased 
the contact of the oil with the organism 
or facilitated its entry into the orga
nism. Our results show that a mixture 
of oil and Finasol S.C. (in equal pro
portions) was more toxic to the Acartia 
bifilosa individuals than the emulsifier 
alone, whereas Finasol OSR-2 was less 
toxic to Acartia when mixed with oil. 
The last finding was confirmed by the 
measurements of the amount of lipid 
droplets. 

The oxygen consumption measure
ments reflected the behaviour of Acar
tia and Cyclops when exposed to emul
sifiers. The types of oxygen curve and 
the activity observed in the respiration 
chamber were different for the two 
animals. They fir t performed escape 
movements. either at random (Cyclops), 
or away from the oil droplets intro
duced at the top of the respiration 
chamber. imilar behaviour was ob
served in the te t of escape move
ments: the Acartia iPdivirluals moved 
awav from the point of diffusion of the 
emulsifier. 
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All the Cyclops individuals that died 
succumbed during the activity period. 
In the surviving individuals the normal 
filter movements gradually stopped 
and they sank to the bottom and re
spired at a lower metabolic rate than 
the normal routine metabolic rate 
(RMR). 

In this condition of "narcosis", they 
could survive for at least 10-12 hours. 
The exoskeleton of Cyclops oithonoides 
probably affords protection against the 
emulsifier medium, and as the animals 
do not filter new material into the gut 
system, toxic compounds of the emulsi
fier are no longer ingested into the 
body tissue. It is possible that they 
could survive as long as material for 
maintenance metabolism was available. 

The interpretation that the exoskele
ton affords protection is supported by 
the observations of WrL O• (1970), who 
reports that the chorion of fish embryos 
offered a protective shield against 
emulsifiers, and that a dramatic re
duction occurred in LDso after hatch
ing. SrMP o (1968) found that young 
stages of animals are somewhat more 
susceptible to toxic substances than are 
adults, which agrees with our results 
since the younger nauplius instars with 
thinner exoskeletons succumbed more 
rapidly to the emulsifier than the 
adults. 

It is possible that the exoskeleton of 
Acartia bifilosa does not offer good 
protection against emulsifiers. After 
they entered "narcosis" and the filter 
movements stopped, the animals did 
not normally survive for more than 
10-20 minutes. This type of behaviour 

was also reported by WrLSO (1970) 
for larvae of fish. He found that the 
toxic effects of emulsifiers were revers
ible in the "narcosis" condition, if the 
animals still responded when touched. 
Dead larvae often showed extensive 
tissue damage caused by the emulsifier 
(cf. also Fig. 5). 

In summary, the responses of Acartia 
and CyclofJs individuals to emulsifiers 
or oil are completely different. The 
Acartia individuals swim away from 
the point of discharge, and if they come 
into contact with the emulsifier, the 
effect is toxic. 

The CyclofJs individuals exhibit in
creased activity, but this activity is 
completely random. After a while the 
animals sink to the bottom and respire 
at SMR. This type of response also 
seems to occur when the animals are 
exposed to other external stimuli, such 
as high light intensities and high tem
peratures. When the animals sink to the 
bottom of the sea they escape both in
tolerable light and temperature. Pos
sibly the emulsifier initially acts purely 
as a stimulus and the animal adopts the 
same mechanism for escape as with na
tural stimuli in the sea. 
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