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ABSTRACT: Juvenile flounder and common mussel from the Baltic Sea were kept in Corexit 7664 
(50 ~g/1) and cadmium (5 ~g/1)-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 

C a d m i u m  concentra t ion in man  has increased  considerably  dur ing the past  century, 
as shown by El inder  & Kjelstr6m (1977), and despi te  the b lackl is t ing  of cadmium in the 

wate r  protect ion conventions,  the total cadmium load en te r ing  estuaries and coastal  

waters  is still considerable.  Part icularly coastal and sha l low-water  l iv ing organisms 

inhabi t  wa te r  bodies  wi th  e l eva ted  meta l  concentrat ions caused by coastal  s ewage  or 

waste  wa te r  outlets (Abdullah et al., 1972; Harms, 1975; Harris et al., 1979; Hershe lman  

et al., 1981), or s imply through desorpt ion of heavy  metals  from suspended  mater ia l  in 

waters  of increas ing  salinity (van der Wei jden  et al., 1977; Duinker  & Nolting,  1978). 
Thus, the accumula t ion  of cadmium by Mytilus edulis, both in the natural  habi ta t  

and in the exper iment ,  has b e e n  the subject  of many  recent  pol lut ion 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 concentrat ion in fish 

musc le  has also b e e n  descr ibed  in several  publicat ions;  the papers  of Calabrese  et al. 
(1975), and Larsson et al. (1981) deal  with the response of f lounders  to exper imenta l  

cadmium exposure.  
Whereas  fish muscle  genera l ly  contains only small  amounts  of cadmium (Topping, 

1973; Pentreath,  1977; No61-Lambot & Bouquegneau ,  1977) the s imul taneous  action of a 

surfactant, known to be toxic and used  for d ispers ing oil or c leans ing  after oil spills 
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(Nelson-Smith,  1968), and a heavy  meta l  might  inf luence  accumula t ion  of the meta l  to 
such an extent  that  the ed ib le  parts of commercia l ly  important  fish migh t  become  unfit  

for human  consumption.  
Thus, this s tudy was under t aken  to inves t iga te  how the act ion of a surfactant may  

inf luence  the up take  of cadmium by  mar ine  organisms. 

MATERIALS AND METHODS 

R e c i r c u i a t e d s e a w a t e r s y s t e m .  The exper iments  were  conducted  in 4 

semi-closed,  rec i rcula ted  brackish-water  (ca 20 %o S) systems with a capaci ty  of 150 1 
each. The water  was  t rea ted  in 60 1 biological  cockleshel l - f f r i t -gravel  filters, then  

p u m p e d  into a heade r  tank from where  it f lowed by gravi ty  into the fish basins. Water  

f low through the filters was 20 I/rain. Water  f low through the fish basins was 1.2 I/rain. 
The basins (90 × 90 × 20 cm) conta ined 100 1 sea water  each. From the fish basins the 

was te  water  passed  through the fil ter unit. 50 days prior to the start of the exper iments  all 

systems were  s tocked with  f lounders in order to bui ld  up a bacter ia l  popula t ion  in the 

b io logica l  filter. At the start of the exper iments  CdCI 2 was added  to two systems until  a 
cadmium concentra t ion of about  5 [~g/l in the water  was reached.  In two systems Corexit  

7664, a non-ionic  tensid, was  added  to reach  an ini t ial  concentra t ion of 50 ~tg/1. Thus the 
procedure  resul ted in 4 different  water  reg imes:  one control system wi thout  any addit ive,  

one  system with  50 ~g Corexit/1, one  wi th  5 ~g Cd/1 and one wi th  50 ~g Corexit/1 plus 

5 ~tg Cd/1. Every w e e k  10 % of the wa te r  in each system was  rep laced  wi th  n e w  wate r  of 
the  respect ive  kind. Water  qual i ty  parameters  were  control led regularly.  C a d m iu m  

de termina t ion  in the  system was conducted  daily. The  exper iments  w e r e  per fo rmed  at 

13.3-16.2 °C (mean: 14.8 _+ 0.6) in brackish water  wi th  a salinity of about  20 %0 (mean: 

20.8 _+ 0.7). 

F I o u n d e r. J u v e n i l e  f lounder  (P1atichthys flesus [L.]) {5.0-10.0 g) were  caught  in 
the Baltic Sea and transferred to the laboratory where  they were  a l lowed  to accl imat ize  

for 4 weeks  at 15 °C and 20 %o salinity in a recirculated brackish-water  system. 30 fish 

were  then t ransferred to each  exper imenta l  basin. The  fish were  fed a l ternate ly  two daily 
rations of minced,  fresh Mytilus edulis meat  or a ground f ish-shrimp mixture  at rates of 

15 % food wet  we igh t  of their  total body weight.  C a d m iu m  content  of mussels  used for 
food was 0.3 n g / m g  dry wi  and the fish-shrimp mixture  conta ined  b e t w e e n  0.25 and 

0.38 ng C d / m g  dry wt  throughout  the exper iment .  The fish were  measured  and w e i g h e d  

every  14 days, At regular  intervals  individuals  were  sacrif iced and samples  of tissue 

w e r e  taken for cadmium analysis (backbone, fins, gills, liver, muscle,  otoliths, skin). 
M u s s e 1. Throughout  the exper iment ,  mussels  (Mytilus edulis) from the Baltic Sea 

w e r e  kept  wi thout  f eed ing  on the biological  filter (40 spec imens  in each  system; va lve  

l eng th  ca. 5.0 cm). Accumula t ion  of cadmium by musse ls  in the  d iges t ive  g land  and total 

soft t issue was measu red  at regular  exposure  t ime intervals.  
B i o 1 o g i c a 1 s 1 u d g e. With the act ivat ion of the fil ter system, b io logica l  sludge,  

consis t ing of bac ter ia  and meiofauna  {mainly nematodes ,  harpact ic ids  and ciliates), 

d e v e l o p e d  in the grave l  filter. Throughout  the exper iment  this " s ludge"  was  col lec ted  

after stirring the upper  2 cm of the fil ter and was then  analysed  for cadmium content.  
C a d m i u m d e t e r m i n a t i o n. Determina t ion  of cadmium was accompl i shed  by 

means  of a f lameless  atomic absorpt ion spect rophotometer  e q u i p p e d  with  an e lectrode-  
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less d ischarge  lamp. Prior t o  cadmium de termina t ion  the dr ied b io logica l  mat ter  was 

d iges ted  in a mixture  of HNO 3 and HC104 (1:4) at 60 °C for 24 h. 

C o r e x i t c o n c e n t r a t i o n. The  surfactant Corexit  7664 was dosed at concen-  
trations of 50 ~g Corexit/1 into the systems. Analysis  of up take  by organisms or rate of 

b iodegrada t ion  was not performed.  Actual  concentrat ions  of the surfactant had  to be  

considered as hav ing  dec reased  from an init ial  50 ~g/1 to 10 ~g/1 wi th in  6 weeks,  
assuming the same rate of b iodegrada t ion  as shown by Mann  & Sch0berl  (1976) for a 

non-ionic  surfactant (C13-i~ oxoalcohol) tested at concentrat ions of 10.0 to 12.0 mg/1. 

RESULTS 

E x p e r i m e n t a l  w a t e r  

P i g u r e  1 shows the course of wa te r - cadmium concentra t ion in the 4 systems dur ing 

the exper iments .  During the first 150 days, cadmium in the contamina ted  systems was 

around 5.0 to 7.0 ~tg/1, fa l l ing later  to 3.0 to 5.0 ~tg(1. In the des igna ted  control system, 
cadmium concentra t ion was  a lways  roughly  0.5 ~tg/1 h igher  than  in the Corexi t  t rea ted  

one, p robably  because  the latter was  newly  ins ta l led whi le  the former had a l ready 
acqui red  a s l ight ly e l eva ted  background  level  dur ing former use. 
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A c c u m u l a t i o n  o f  c a d m i u m  b y  f i l t e r  s l u d g e  

In  F i g u r e  2 t h e  c a d m i u m  c o n t e n t  of t h e  s l u d g e  f r o m  t h e  c o n t r o l  a n d  c o n t a m i n a t e d  

s y s t e m s  a r e  d e p i c t e d .  B o t h  s y s t e m s ,  t h e  c o n t r o l  a n d  t h e  s o l e l y  C o r e x i t  7664  t r e a t e d  

sy s t ems ,  w e r e  l o w  i n  s l u d g e  c a d m i u m .  T h e  s l u d g e  of  t h e  m e t a l  c o n t a m i n a t e d  s y s t e m s ,  

h o w e v e r ,  s h o w e d  i n  t i m e  a n  i n c r e a s e  in  t h e  c a d m i u m  c o n t e n t .  
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Fig. 2. Accumulat ion of cadmium by "s ludge"  derived from a biological  filter in  a recirculated 
brackish-water  (20 Too S) system with unt rea ted  and  Cd-contaminated  (5 ~g Cd/1) water  with  and  
without  the surfactant Corexit  7664 (50 i~g/1). Water temp.: 15 °C; values  displayed as weekly  means  

calculated from daily samples;  arrow indicates end  of cadmium dosing 
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Except for the first 70 days after the addi t ion of cadmium, w h e n  the cadmium load 
was several  t imes higher  in  the s ludge from the system treated with cadmium and  
surfactant, the process of c admium concentrat ion in  both organic matter  was similar. 
Al though the absolute  cadmium values  in  the s ludge of both systems showed at t imes 
considerable  differences, the slopes of the l inear  regression l ines  calculated for the 
cadmium concentrat ion on the basis  of the prevai l ing  water  cadmium concentrat ions 
(Fig. 3) showed no signif icant  differences be tween  the two systems, Accumula t ion  was 
l inear  and  after some 350 days of exposure to 5.0 ~g Cd/1, concentrat ions reached from 
be tween  30 to 50 ng  Cd/mg dry wt s ludge (Fig. 2). 

A c c u m u l a t i o n  of c a d m i u m  b y  m u s s e l s  

A rapid  increase  in  cadmium content  after exposure to this metal  could be  observed 
in the soft t issue and  the digest ive g land  of M. edutis  (Fig. 4) in  water  with and  without  
the addi t ion  of Corexit 7664. At the start of the  experiment ,  cadmium concentrat ion in  
the exper imenta l  animals  amoun ted  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 l inear  and  there were  practically no differences in  the accumula t ion  process 
with or without  Corexit 7664. In the "cadmium free" systems only  small  amounts  of the 
metal  were accumula ted  by the test organisms. 

A c c u m u l a t i o n  of c a d m i u m  b y  f l o u n d e r  

From former studies on plaice (Westernhagen et al., 1980) we knew that accumula-  
tion of cadmium in  fish was best  t raceable  in  the l iver and  thus deve lopment  of cadmium 
concentrat ion in  the l iver upon  exposure to the metal  is referred to in  Figure 5. Ca dmi um 
concentra t ion in  the liver of control specimens increased more than  for the "surfactant  
only" specimens.  In nei ther  of these sampled  fish though did liver cadmium exceed 
2.0 ng  Cd /mg  dry wt. Liver cadmium of specimens  from the metal  contamina ted  systems, 
however,  increased from 0.5 n g  Cd /mg  dry wt to a round  20 ng  Cd/mg dry wt after 199 
days. In both systems, with and  wi thout  Corexit 7664, accumula t ion  of cadmium was 
non- l inea r  and  proceeded almost ident ical ly  (5 ~tg Cd: y = 0.722 e°'°128x; 5 ~g Cd + 
Corexit: y = 0.602 e°'°I45x). 

The other tissues examined  did show slightly e levated  cadmium content  after 
exposure to the metal,  but  accumula t ion  was not pronounced.  For ins tance in  fillet, 
cadmium content  increased in  t ime following the funct ion y = 0.05 + 0.001x, rl0 = 0.54, 
for the 5 ~tg Cd/1 trial and y = 0.045 + 0.001x, rl0 = 0.48, for the 5 ~tg Cd/1 plus Corexit 
trial. The slopes for both functions were almost ident ica l  a nd  increase in  cadmium 
content  was not s ignif icant  at the 5 % level. C a d m i u m  concentra t ion  in  muscle  tissue 
r anged  from 0.05 n g / m g  dry wt at day zero to 0.25 n g  Cd/mg dry wt after 200 days of 
exposure. 

In none  of all the tissues examined  was the increase of cadmium content  h igher  in  
those der ived from the specimens  treated with cadmium plus  Corexit than  in  those 
treated with cadmium only. 
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Fig. 4. Accumulation of cadmium by digestive gland (a) and soft tissue (b) of Mytilus edulis kept in 
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 

Ef fec t s  of  t r e a t m e n t  on  f l o u n d e r s  

No apparent  il l  effects of the cadmium and Corexi t  7664 t reatment ,  e i ther  separa te ly  

or combined,  could be observed  on the exper imenta l  animals.  There  was  only little 
mortality, wi th  4 dead  in the cadmium contamina ted  system and one dead  spec imen  in 

each other system. Growth (weight  and length) was almost  equa l  in all exper iments  

(Fig. 6); the s l ight ly bet ter  growth of the control spec imens  was not significant.  
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Cd/1 in a recirculated brackish-water {20 %0 S) system at 15 °C, with and without the addition of 
50 ~g/1 Corexit 7664. Each symbol represents means from 3 test animals and several measurements. 

5 ~g Cd/l: y = 0.722 e °'°128x, r = 0.84; 5 ~g Cd/1 + 50 Fg Corexit/h y = 0.602 e °'°14s~, r = 0.87 

DISCUSSION 

Ef fec t s  of  oi l  d i s p e r s a n t s  

When  v i ewi ng  our results in the l ight  of work per formed by other  authors we  may  

say that  at the concentrat ions of Corexi t  Y664 (10 to 50 ~tg/1) employed  by us, effects on 

mortal i ty  or on growth of exper imenta l  animals  were  not to be expected,  since Corexit  

7664, be ing  of re la t ive ly  low toxicity to mar ine  organisms (Lenning & Falk-Petersen,  

1978; Kiceniuk et al., 19781 Wilson, 1973), exer ted effects only on sensi t ive organisms 

such as sea urchin  larvae at concentrat ions of more than 10 mg/1 (Lonning & Falk- 

Petersen,  1978). 
Toxic concentrat ions  of Corexi t  7664 at 48 h LCs0-experiments wi th  C r a n g o n  a n d  

C a r d l u m  were  found to be 3300 to 10 000 mg/1 {Wilson, 1973). It is known,  though,  that  

the gil ls  of aqua t ic  organisms,  be ing  the site of the up take  of suffactants (Granmo & 

Kollberg,  19Y6), are sensi t ive to de te rgents  at re la t ive ly  low concentrat ions  {Brown et al., 
1968}. The  gil ls  of the  mollusc,  P a t e l l a  v u l g a t a ,  for ins tance  react  to oil dispersants  at 

concentra t ions  of 0.1 mg/1 (Nuwayhid  et al., 1980). Since it is ~ genera l ly  assumed that  the 

gil ls  are  an  impor tant  site for the  up take  of wate r -d i sso lved  heavy  meta ls  by  fish (No~l- 
Lambot  & Bouquegneau ,  1977) and mussel  {George et al., 1978), the effects of disper-  

sants on gil ls  migh t  also in f luence  c a d m i u m  uptake  and t issue concentrat ion.  

At the concentra t ion  used  in our exper iment  (10 tzg-50 tig Corexit/1}, a concentra t ion 

wh ich  is l ike ly  to occur in the wa te r  co lumn 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 Too S) system at 15 °C, with 
differently treated water. Food: hlytilus edulis and fish-shrimp paste at 15 % of total body weight 

found that Corexit 7664 neither increased the cadmium accumulat ion  in the b io logica l  
s ludge,  the common musse l  or in flounders, nor did it cause any acute i l l-effects a lone or 
in combinat ion with  cadmium present at 5 ~g/1. 

In fact, the combined  action of a surfactant and metals  does not s eem to be clear cut 
as shown, for example ,  by  the invest igat ions  of Calamari & Marchetti (1973) who  found 
that for anionic  detergents  and metals  synergist ic  effects were  to be expected,  wh i l e  
copper and a non , ion ic  surfactant would  have  antagonist ic  effects on each others' acute 
toxicity to rainbow trout. Similar results on the synergist ic  action of a l k y l b e n z e n e  
sulphonate  and z inc  have  been  reported by Brown et al., (1968), wh i l e  Bianucci  & 
Legnani  (1974} reported antagonistic  effects of s imul taneous ly  used d o d e c y l b e n z e n e  
sulphonate  and chromium, and Swedmark & Granmo (1979} in their experiments  with 
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cod eggs showed that l inear  a lky lbenzene  sulphonate  (LAS) genera l ly  decreased copper 
toxicity whi le  zinc decreased the toxicity of LAS. 

Since growth is a good indicator  of the we l l -be ing  of a test animal ,  and  since there 
were no signif icant  growth differences in  all exper imenta l  groups with or without  
treatment,  we can say that there w e r e  no i l l  effects at the concent ra t ions .and  fort the 
exposure t ime employed  dur ing  the experiment .  

C a d m i u m  a c c u m u l a t i o n  

The concentra t ion levels of cadmium observed devia ted  considerably  from the data 
obta ined  by us in  previous exper iments  with plaice (Westernhagen et al., 1978), where  
the sal ini ty of the exper imenta l  seawater  was 33 %0. Al though the cadmium concentra-  
tions employed  in  both exper iments  were in  the range  of 5 ~tg/1, accumula t ion  in  the 
present  exper iments  was far more pronounced,  showing values  of a round 20.0 ng  Cd/mg 
dry wt for f lounder  liver, after 200 days of exposure, ins tead of 4.0 ng  Cd/mg dry wt in  the 
plaice experiments.  Mussel  t issue of the previous exper iments  conta ined only 100.0 ng 
Cd/mg dry wt after 160 days compared to 300.0 and  400.0 ng  Cd/mg dry wt for t issue and  
700.0 ng  Cd/mg dry wt for the digest ive g land in  the present  experiment .  Similarly, 
cadmium content  of s ludge was 4 t imes higher  in  the present  experiments.  

Differences in  sal ini t ies accounted for the four-fold higher  accumula t ion  of cadmium 
by an imal  t issue in  the present  exper iments  (20 %0 S) compared to the previous ones 
(33 %0) {Westernhagen et al., 1980). The effect of sal ini ty on the accumula t ion  of 
cadmium by  l iv ing tissue was found to be much more p ronounced  than  the effect of 
Corexit 7664. A sal ini ty  effect has a l ready been  described by us in  incuba t ion  experi- 
ments  with flounder, and garpike eggs (Westernhagen et al., 19751 Wes te rnhagen  & 
Dethlefsen, 1975), and  also other investigators have proved the e nha nc i ng  effect of low 
salini t ies on uptake  of cadmium by mar ine  animals  such as the crabs Uca pugilator 
(O'Hara, 1973), Callinectes sapidus Rathbun (Hutcheson, 1974) and  Carcinus maenas  
(Wright, 1977} and  the common musse l  Myti lus  edulis (Phillips, 1976). Natural ly  occur- 
r ing  popula t ions  of M. edulis in  the Baltic Sea also showed that at low salini t ies 
cadmium content  of soft tissue was up  to one order of magn i tude  higher  (Phillips, 1977) 
than in  more sal ine waters. 

As found by  us in  our previous exper iments  (Westernhagen et al., 1978) as wel l  as by 
George & Coombs (1977) and  Scholz (1980) and shown by Schulz-Baldes (1974) for the 
uptake  of lead, the accumula t ion  of cadmium by M. edulis was linear,  causing the 
mussel  to enrich cadmium to an  extent  not found in  the na tura l  environment ,  where 
concentrat ions of 34 ppm in  Kiel Fjord mussels  (Theede et al., 1979) are considered to be 

except ional ly  high. 
Accumula t ion  of cadmium by  filter s ludge was also l inear  and  the highest  values  

reached were about  4 t imes h igher  than  in  exper iments  conducted in  und i lu ted  sea 

water. 
The reason why cadmium is accumula ted  more at low salini t ies than at h igh 

sal ini t ies is not clear. O 'Hara  (1973) sees this salinitY effect as be ing  the result  of 
increased ionic regulatory activity at low salinities involv ing  accelerated active uptake  
of ions, while  Hutcheson (1974) at tr ibutes the increased cadmium accumula t ion  in  dilute 
sea water  - in  the case of the crab Callinectes sapidus - to a deteriorat ion in  the efficient 
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e x c r e t i o n  of t h e  m e t a l  u n d e r  c o n d i t i o n s  of o s m o t i c  s t ress .  In  o u r  e x p e r i m e n t s ,  t h o u g h ,  

w e l l  a d a p t e d  b r a c k i s h - w a t e r  o r g a n i s m s  w e r e  u sed ,  r u l i n g  ou t  t h e  l a t t e r  p o s s i b i l i t y ;  a n d  

n e i t h e r  d o  W r i g h t ' s  (1977) e x p e r i m e n t s  w i t h  Carc inus  m a e n a s  n o r  t h e  i n v e s t i g a t i o n s  of 
G e o r g e  e t a l .  (1978) w i t h  A4. edu l i s  a n s w e r  t h i s  q u e s t i o n  sa t i s f ac to r i ly .  

T h e  u p t a k e  of c a d m i u m  b y  t h e  o r g a n i s m s  is p r o b a b l y  a n o n - a c t i v e  p r o c e s s ,  w h i c h  

m i g h t  b e  a c c e l e r a t e d  a n d  f a c i l i t a t e d  b y  t h e  c h e l a t i o n  w i t h  h u m i c  a c i d s  ( G e o r g e  & 

C o o m b s ,  1977). T h e s e  a c i d s  a re  m o r e  a b u n d a n t  i n  b r a c k i s h  w a t e r  t h a n  i n  fu l l  s t r e n g t h  

s e a  w a t e r  a n d  t h u s  t h e  f a s t e r  c a d m i u m  a c c u m u l a t i o n  i n  b r a c k i s h  w a t e r  m a y  b e  

e x p l a i n e d .  F u r t h e r  d e t a i l e d  work ,  h o w e v e r ,  is  r e q u i r e d  to e l u c i d a t e  t h e  e x a c t  m e c h a n i s m  

of t h e  s a l i n i t y  effect .  

As  f u r t h e r  e x p e r i m e n t a l  e v i d e n c e  b e c o m e s  a v a i l a b l e ,  t h e  o f t e n  e x p r e s s e d  c o n c e r n  

t h a t  s y n e r g i s t i c  e f f ec t s  m i g h t  e n s u e  f r o m  t h e  s i m u l t a n e o u s  a c t i o n  of c e r t a i n  . po l lu t an t s  

d o e s  no t  m a t e r i a l i z e .  T h i s  c o r r e s p o n d s  w i t h  t h e  c o n c l u s i o n  f o r m u l a t e d  b y  E I F A C  (1980): 

t h e  jo in t ,  a c u t e l y  l e t h a l  t ox i c i t y  of p o l l u t a n t s  to f i sh  as  w e l l  as  t h e  u p t a k e  of c o m b i n a t i o n s  

of p o l l u t a n t s  c a n  b e  d e s c r i b e d  b y  u s i n g  t h e  c o n c e n t r a t i o n - a d d i t i o n  m o d e l  ( A n d e r s o n  & 

W e b e r ,  1975). C o m b i n e d  e f fec t s  of p o l l u t a n t s  w i l l  f r e q u e n t l y  b e  m u c h  l e s s  p r o n o u n c e d  

t h a n  t h e  i m p a c t  c a u s e d  b y  o n e  t o x i c a n t  a n d  v a r y i n g  n a t u r a l  c o n d i t i o n s  s u c h  as  s a l i n i t y  i n  

e s t u a r i e s .  
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