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ABSTRACT: Juvenile flounder and common mussel from the Baltic Sea were kept in Corexit 7664
(50 ug/1) and cadmium (5 pg/l)-contaminated, recirculated, sea-water systems for 200 days at 15 °C
and 20 %o S. Accumulation of cadmium with exposure time was measured in several fish tissues and
in mussel. There were no differences in the cadmium accumulation by tissues with or without the
addition of Corexit 7664. No acute effects of the contaminants on the experimental animals could be
noted. Final cadmium concentrations, reached for all biological matter analysed, were 4 times
higher than in full-strength sea water.

INTRODUCTION

Cadmium concentration in man has increased considerably during the past century,
as shown by Elinder & Kjelstrém (1977), and despite the blacklisting of cadmium in the
water protection conventions, the total cadmium load entering estuaries and coastal
waters is still considerable. Particularly coastal and shallow-water living organisms
inhabit water bodies with elevated metal concentrations caused by coastal sewage or
waste water outlets (Abdullah et al., 1972; Harms, 1975; Harris et al., 1979; Hershelman
et al., 1981), or simply through desorption of heavy metals from suspended material in
waters of increasing salinity (van der Weijden et al., 1977; Duinker & Nolting, 1978).

Thus, the accumulation of cadmium by Mytilus edulis, both in the natural habitat
and in the experiment, has been the subject of many recent pollution studies (Phillips
1976; Phillips, 1977; George & Coombs, 1977; Karbe et al., 1977; Harris et al., 1979;
Coleman, 1980 and others). The uptake of cadmium by fish and its concentration in fish
muscle has also been described in several publications; the papers of Calabrese et al.
(1975), and Larsson et al. (1981) deal with the response of flounders to experimental
cadmium exposure.

Whereas fish muscle generally contains only small amounts of cadmium (Topping,
1973; Pentreath, 1977; Noél-Lambot & Bouquegneau, 1977) the simultaneous action of a
surfactant, known to be toxic and used for dispersing oil or cleansing after oil spills
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(Nelson-Smith, 1968), and a heavy metal might influence accumulation of the metal to
such an extent that the edible parts of commercially important fish might become unfit
for human consumption.

Thus, this study was undertaken to investigate how the action of a surfactant may
influence the uptake of cadmium by marine organisms.

MATERIALS AND METHODS

Recirculated sea water system. The experiments were conducted in 4
semi-closed, recirculated brackish-water {ca 20 %. S} systems with a capacity of 1501
each. The water was treated in 601 biological cockleshell-grit-gravel filters, then
pumped into a header tank from where it flowed by gravity into the fish basins. Water
flow through the filters was 20 1/min. Water flow through the fish basins was 1.2 1/min.
The basins (90 X 90 X 20 cm) contained 100 1 sea water each. From the fish basins the
waste water passed through the filter unit. 50 days prior to the start of the experiments all
systems were stocked with flounders in order to build up a bacterial population in the
biological filter. At the start of the experiments CdCl, was added to two systems until a
cadmium concentration of about 5 ug/1 in the water was reached. In two systems Corexit
7664, a non-ionic tensid, was added to reach an initial concentration of 50 pg/1. Thus the
procedure resulted in 4 different water regimes: one control system without any additive,
one system with 50 pg Corexit/l, one with 5 ug Cd/1 and one with 50 ug Corexit/l plus
5 ug Cd/1. Every week 10 % of the water in each system was replaced with new water of
the respective kind. Water quality parameters were controlled regularly. Cadmium
determination in the system was conducted daily. The experiments were performed at
13.3-16.2 °C (mean: 14.8 £ 0.6} in brackish water with a salinity of about 20 %. (mean:
20.8 £ 0.7).

Flounder. Juvenile flounder {Platichthys flesus {L.}} {5.0-10.0 g} were caught in
the Baltic Sea and transferred to the laboratory where they were allowed to acclimatize
for 4 weeks at 15 °C and 20 %o salinity in a recirculated brackish-water system. 30 fish
were then transferred to each experimental basin. The fish were fed alternately two daily
rations of minced, fresh Mytilus edulis meat or a ground fish-shrimp mixture at rates of
15 % food wet weight of their total body weight. Cadmium content of mussels used for
food was 0.3 ng/mg dry wt and the fish-shrimp mixture contained between 0.25 and
0.38 ng Cd/mg dry wt throughout the experiment. The fish were measured and weighed
every 14 days. At regular intervals individuals were sacrificed and samples of tissue
were taken for cadmium analysis (backbone, fins, gills, liver, muscle, otoliths, skin).

Muss el Throughout the experiment, mussels (Mytilus edulis} from the Baitic Sea
were kept without feeding on the biological filter (40 specimens in each system; valve
length ca. 5.0 cm). Accumulation of cadmium by mussels in the digestive gland and total
soft tissue was measured at regular exposure time intervals.

Biological sludge. With the activation of the filter system, biclogical sludge,
consisting of bacteria and meiofauna (mainly nematodes, harpacticids and ciliates},
developed in the gravel filter. Throughout the experiment this “sludge’ was collected
after stirring the upper 2 cm of the filter and was then analysed for cadmium content.

Cadmium determination. Determination of cadmium was accomplished by
means of a flameless atomic absorption spectrophotometer equipped with an electrode-
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less discharge lamp. Prior to cadmium determination the dried biological matter was
digested in a mixture of HNO,; and HCIO, (1:4) at 60 °C for 24 h.

Corexit concentration. The surfactant Corexit 7664 was dosed at concen-
trations of 50 ug Corexit/]l into the systems. Analysis of uptake by organisms or rate of
biodegradation was not performed. Actual concentrations of the surfactant had to be
considered as having decreased from an initial 50 pg/l to 10 ug/l within 6 weeks,
assuming the same rate of biodegradation as shown by Mann & Schéberl (1976) for a
non-ionic surfactant (Cy4 44 oxoalcohol) tested at concentrations of 10.0 to 12.0 mg/1.

RESULTS

Experimental water

Figure 1 shows the course of water-cadmium concentration in the 4 systems during
the experiments. During the first 150 days, cadmium in the contaminated systems was
around 5.0 to 7.0 pg/l, falling later to 3.0 to 5.0 pg/l. In the designated control system,
cadmium concentration was always roughly 0.5 pg/1 higher than in the Corexit treated
one, probably because the latter was newly installed while the former had already
acquired a slightly elevated background level during former use.
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Fig. 1. Weekly means of cadmium conceniration in the water of 4 experimental brackish-water
(20 %o S) recirculated systems. Open arrow: introduction of mussels into the system; solid arrow: end
of cadmium dosing
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Accumulation of cadmium by filter sludge

In Figure 2 the cadmium content of the sludge from the control and contaminated
systems are depicted. Both systems, the control and the solely Corexit 7664 treated
systems, were low in sludge cadmium. The sludge of the metal contaminated systems,
however, showed in time an increase in the cadmium content.
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Fig. 2. Accumulation of cadmium by “sludge’ derived from a biological filter in a recirculated

brackish-water (20 %. S) system with untreated and Cd-contaminated (5 ug Cd/l) water with and

without the surfactant Corexit 7664 (50 pug/l). Water temp.: 15 °C; values displayed as weekly means
calculated from daily samples; arrow indicates end of cadmium dosing
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Fig. 3. Accumulation of cadmium by “'sludge” derived from a biological filter (see legend of Fig. 2).
Cadmium accumulation depicted in relation to actual cadmium concentration in the water. Arrow
indicates end of cadmium dosing



Effect of the surfactant Corexit 5

Except for the first 70 days after the addition of cadmium, when the cadmium load
was several times higher in the sludge from the system treated with cadmium and
surfactant, the process of cadmium concentration in both organic matter was similar.
Although the absolute cadmium values in the sludge of both systems showed at times
considerable differences, the slopes of the linear regression lines calculated for the
cadmium concentration on the basis of the prevailing water cadmium concentrations
(Fig. 3) showed no significant differences between the two systems. Accumulation was
linear and after some 350 days of exposure to 5.0 ug Cd/], concentrations reached from
between 30 to 50 ng Cd/mg dry wt sludge (Fig. 2).

Accumulation of cadmium by mussels

A rapid increase in cadmium content after exposure to this metal could be observed
in the soft tissue and the digestive gland of M, edulis (Fig. 4} in water with and without
the addition of Corexit 7664. At the start of the experiment, cadmium concentration in
the experimental animals amounted to 0.3 ng Cd/mg dry wt; after 250 days of exposure
to cadmium it rose to as much as 800 ng Cd/mg dry tissue and more than 1500 ng Cd/mg
dry wt in the digestive gland. As can be seen from Figure 4 the increase in cadmium
content was linear and there were practically no differences in the accumulation process
with or without Corexit 7664. In the “‘cadmium free” systems only small amounts of the
metal were accumulated by the test organisms.

Accumulation of cadmium by flounder

From former studies on plaice (Westernhagen et al., 1980) we knew that accumula-
tion of cadmium in fish was best traceable in the liver and thus development of cadmium
concentration in the liver upon exposure to the metal is referred to in Figure 5. Cadmium
concentration in the liver of control specimens increased more than for the “surfactant
only” specimens. In neither of these sampled fish though did liver cadmium exceed
2.0 ng Cd/mg dry wt. Liver cadmium of specimens from the metal contaminated systems,
however, increased from 0.5 ng Cd/mg dry wt to around 20 ng Cd/mg dry wt after 199
days. In both systems, with and without Corexit 7664, accumulation of cadmium was
non-linear and proceeded almost identically (5 ug Cd: v = 0.722 %9128, 545 Cd +
Corexit: y = 0.602 e%0145%),

The other tissues examined did show slightly elevated cadmium content after
exposure to the metal, but accumulation was not pronounced. For instance in fillet,
cadmium content increased in time following the function y = 0.05 + 0.001x, r;, = 0.54,
for the 5 pg Cd/1 trial and y = 0.045 + 0.001x, r;, = 0.48, for the 5 ug Cd/1 plus Corexit
trial. The slopes for both functions were almost identical and increase in cadmium
content was not significant at the 5 % level. Cadmium concentration in muscle tissue
ranged from 0.05 ng/mg dry wt at day zero to 0.25 ng Cd/mg dry wt after 200 days of
exposure.

In none of all the tissues examined was the increase of cadmium content higher in
those derived from the specimens treated with cadmium plus Corexit than in those
treated with cadmium only.



6 H. von Westernhagen & V. Dethlefsen

] I
4 a I3 A A I
- a -
1500+
9 7 y=248+52x
h 5=0.93
1000+ & y=-9554538x
1 T3=0.89
= ]
.g‘ 500
3 ] s Control
g ] . © 50 ug/l Corexit
. 2 5 pg/l Cd -
IS i & 5 g/l Cd +50 pg/l Corexit |
8 / : ! .
o ] F
< 1 a2 -
0‘-%@—@5%;::;-\-858:3?@ --;»\- o T e S R
e e — e 0
I 50 100 180 260 250
10001 b . ~1000
] RE
) " y= 4995 +2.28 x N L
| ryy = 0.87 a L
] L
] 4 y= 31984201 x I
t35 = 0.81 L
500 o500
| . i
1 e :‘ " £ [
] e 4 A a L
B e i e e e T NP
T T T T T T T T T e
0 50 100 150 200 250

Exposure time (days)

Fig. 4. Accumulation of cadmium by digestive gland (a) and soft tissue (b} of Mytilus eduliskeptin
an untreated and a cadmium-contaminated brackish-water (20 %o S} recirculated system with and
without the addition of the surfactant Corexit 7664. Arrow indicates end of cadmium dosing

Effects of treatment on flounders

No apparent ill effects of the cadmium and Corexit 7664 treatment, either separately
or combined, could be observed on the experimental animals. There was only little
mortality, with 4 dead in the cadmium contaminated system and one dead specimen in
each other system. Growth (weight and length) was almost equal in all experiments
(Fig. 6); the slightly better growth of the control specimens was not significant.



Effect of the surfactant Corexit 7

- K
b .
20 |50
J NI
p= 4 o ---- Controt t
o
© 15 a—-— 5ug Cd/t L
2 4 —-—5ug Cd/t+ 50 ug Corexit /1 |
-‘; 4 hd 50 ug Corexit /1 .
g 7 -
S
b= ) ,‘/ o
O 104 Y ) 0
g ST
J gl
pd
) s 7 r
*] P Ls
'S
J /'/ N
7 » r'y - L
4}/ LS
2,./1_.}4;;:9: N o or
Y e i S % -
o7 T Shmunditm—_ N
0 50 100 150 200

Exposure time {days)

Fig. 5. Accumulation of cadmium in the liver of flounder (Platichthys flesusj during exposure to 5 ug

CdA in a recirculated brackish-water (20 %o S) system at 15 °C, with and without the addition of

50 pg/1 Corexit 7664. Each symbol represents means from 3 test animals and several measurements.
5ug Cd/l: y = 0.722 e®0128% 1 = 0.84; 5 ug Cd/1 + 50 ug Corexit/l: y = 0.602 e%0145% r = 0.87

DISCUSSION

Effects of oil dispersants

When viewing our results in the light of work performed by other authors we may
say that at the concentrations of Corexit 7664 (10 to 50 ug/l) employed by us, effects on
mortality or on growth of experimental animals were not to be expected, since Corexit
7664, being of relatively low toxicity to marine organisms (Lenning & Falk-Petersen,
1978; Kiceniuk et al., 1978; Wilson, 1973), exerted effects only on sensitive organisms
such as sea urchin larvae at concentrations of more than 10 mg/l (Lenning & Falk-
Petersen, 1978).

Toxic concentrations of Corexit 7664 at 48 h LCyp-experiments with Crangon and
Cardium were found to be 3300 to 10 000 mg/1 (Wilson, 1973). It is known, though, that
the gills of aquatic organisms, being the site of the uptake of surfactants (Granmo &
Kollberg, 1976}, are sensitive to detergents at relatively low concentrations (Brown et al,,
1968). The gills of the mollusc, Patella vulgata, for instance react to oil dispersants at
concentrations of 0.1 mg/l (Nuwayhid et al., 1980). Since it is generally assumed that the
gills are an important site for the uptake of water-dissolved heavy metals by fish (Noél-
Lambot & Bouquegneau, 1977} and mussel (George et al., 1978}, the effects of disper-
sants on gills might also influence cadmium uptake and tissue concentration.

At the concentration used in our experiment (10 ug—50 pg Corexit/l}, a concentration
which is likely to occur in the water column after the use of the surfactant in the sea, we
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Fig. 6. Growth of flounders in a recirculated brackish-water (20 %. S) system at 15°C, with
differently treated water. Food: Mytilus edulis and fish-shrimp paste at 15 % of total body weight

found that Corexit 7664 neither increased the cadmium accumulation in the biological
sludge, the common mussel or in flounders, nor did it cause any acute ill-effects alone or
in combination with cadmium present at 5 pg/1.

In fact, the combined action of a surfactant and metals does not seem to be clear cut
as shown, for example, by the investigations of Calamari & Marchetti (1973) who found
that for anionic detergents and metals synergistic effects were to be expected, while
copper and a non-ionic surfactant would have antagonistic effects on each others’ acute
toxicity to rainbow trout. Similar results on the synergistic action of alkylbenzene
sulphonate and zinc have been reported by Brown et al., (1968), while Bianucci &
Legnani (1974) reported antagonistic effects of simultaneously used dodecylbenzene
sulphonate and chromium, and Swedmark & Granmo (1979) in their experiments with
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cod eggs showed that linear alkylbenzene sulphonate (LAS) generally decreased copper
toxicity while zinc decreased the toxicity of LAS.

Since growth is a good indicator of the well-being of a test animal, and since there
were no significant growth differences in all experimental groups with or without
treatment, we can say that there were 'no ill-effects at the coneentrations-and for-the
exposure time employed during the experiment.

Cadmium accumulation

The concentration levels of cadmium observed deviated considerably from the data
obtained by us in previous experiments with plaice (Westernhagen et al., 1978), where
the salinity of the experimental seawater was 33 %.. Although the cadmium concentra-
tions employed in both experiments were in the range of 5 pg/l, accumulation in the
present experiments was far more pronounced, showing values of around 20.0 ng Cd/mg
dry wt for flounder liver, after 200 days of exposure, instead of 4.0 ng Cd/mg dry wt in the
plaice experiments. Mussel tissue of the previous experiments contained only 100.0 ng
Cd/mg dry wt after 160 days compared to 300.0 and 400.0 ng Cd/mg dry wt for tissue and
700.0 ng Cd/mg dry wt for the digestive gland in the present experiment. Similarly,
cadmium content of sludge was 4 times higher in the present experiments.

Differences in salinities accounted for the four-fold higher accumulation of cadmium
by animal tissue in the present experiments (20 %o S) compared to the previous ones
(33 %0) (Westernhagen et al., 1980). The effect of salinity on the accumulation of
cadmium by living tissue was found to be much more pronounced than the effect of
Corexit 7664. A salinity effect has already been described by us in incubation experi-
ments with flounder, and garpike eggs (Westernhagen et al.,, 1975; Westernhagen &
Dethlefsen, 1975), and also other investigators have proved the enhancing effect of low
salinities on uptake of cadmium by marine animals such as the crabs Uca pugjilato.r
(O'Hara, 1973), Callinectes sapidus Rathbun (Hutcheson, 1974) and Carcinus maenas
(Wright, 1977) and the common mussel Mytilus edulis (Phillips, 1976). Naturally occur-
ring populations of M. edulis in the Baltic Sea also showed that at low salinities
cadmium corntent of soft tissue was up to one order of magnitude higher (Phillips, 1977)
than in more saline waters.

As found by us in our previous experiments (Westernhagen et al., 1978) as well as by
George & Coombs (1977) and Scholz (1980) and shown by Schulz-Baldes (1974) for the
uptake of lead, the accumulation of cadmium by M. edulis was linear, causing the
mussel to enrich cadmium to an extent not found in the natural environment, where
concentrations of 34 ppm in Kiel Fjord mussels (Theede et al., 1979) are considered to be
exceptionally high.

Accumulation of cadmium by filter sludge was also linear and the highest values
reached were about 4 times higher than in experiments conducted in undiluted sea
water.

The reason why cadmium is accumulated more at low salinities than at high
salinities is not clear. O'Hara (1973) sees this salinity effect as being the result of
increased ionic regulatory activity at low salinities involving accelerated active uptake
of ions, while Hutcheson (1974) attributes the increased cadmium accumulation in dilute
sea water — in the case of the crab Callinectes sapidus—to a deterioration in the efficient
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excretion of the metal under conditions of osmotic stress. In our experiments, though,
well adapted brackish-water organisms were used, ruling out the latter possibility; and
neither do Wright's (1977) experiments with Carcinus maenas nor the investigations of
George et-al. (1978) with M. edulis answer.this question satisfactorily.

The uptake of cadmium by the organisms is probably a non-active process, which
might be accelerated and facilitated by the chelation with humic acids (George &
Coombs, 1977). These acids are more abundant in brackish water than in full strength
sea water and thus the faster cadmium accumulation in brackish water may be
explained. Further detailed work, however, is required to elucidate the exact mechanism
of the salinity effect.

As further experimental evidence becomes available, the often expressed concern
that synergistic effects might ensue from the simultaneous action of certain pollutants
does not materialize. This corresponds with the conclusion formulated by EIFAC (1980):
the joint, acutely lethal toxicity of pollutants to fish as well as the uptake of combinations
of pollutants can be described by using the concentration-addition model (Anderson &
Weber, 1975). Combined effects of pollutants will frequently be much less pronounced
than the impact caused by one toxicant and varying natural conditions such as salinity in
estuaries.
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