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Copper is more toxic to all life stages of the copepod Tisbe 
than cadmium. The most sensitive life stage of Tisbe to 
both copper and cadmium is the one-day-old nauplius. 
The resistance of larval stages of Tisbe increases with age 
(one-day-old nauplii 48h LCs0 =0.3142 mg Cu 1-1. and 
0.5384 mg Cd ! -I, 0.3415 mg Cu 1-1. and 0.645 mg Cd ! -1. 
for five-days-old nauplii and 0.5289 mg Cu 1-1. and 
0.9061 mg Cd ! -1. for ten-days-old nauplii. The two repro- 
ductive stages of Tisbe tested (females with ovigerous bands 
and females bearing the first ovigerous sac) demonstrated an 
increased sensitivity to metals and proved more sensitive 
than the ten-days-old copepodids (only females with 
ovigerous bands had a similar sensitivity to copper with the 
ten-days-old copepodids). 

Recently the living resources of estuarine, coastal and even 
oceanic ecosystems are being harmed by discharging of 
waste material and runoff of highly polluted waters. In 
creating standards and guidelines to follow in marine 
environmental management, there is urgent need for 
information on the effects of pollutants upon marine 
resources. Both field and laboratory tests have proved the 
impact of pollutants on aquatic life. 

Heavy metals are considered to be among the most 
harmful aquatic pollutants. The toxicity of metals to 
marine organisms has been found to vary not only 
between, but also within, species. This has been attributed 
to various abiotic factors: temperature, salinity (Vernberg 
et al., 1974; Mora'ftou-Apostolopoulou, in press) or biotic 
factors: population density (Verriopoulos & Mora'ftou- 
Apostolopoulou, 1981) or life stage (Calabrese et al., 1973, 
1977; Calabrese & Nelson, 1974). These authors have 
emphasized that the different embryo or larval stages of 
invertebrates present different sensitivities from the adults. 

If the impact of various heavy metals is to be accurately 
appraised, more information of this kind is required. In 
this paper we have studied the acute toxicity of copper and 
cadmium, two of the most toxic heavy metals, to various 
life stages of the benthic marine copepod Tisbe 
holothuriae Humes. 

Materia ls  and  M e t h o d s  

?:&be holothuriae, Humes, a benthic harpacticoid 
copepod, is a common organism in the littoral 
environment of Mediterranean coasts. The test animals 
were taken from laboratory cultures. Ovigerous females of 

Tisbe were isolated individually in 100 ml glass containers. 
Immediately after egg hatching the parental females were 
removed. Consequently in each container all Tisbe had the 
same (and known) age. 

Five different ontogenetic stages of Tisbe were exposed 
separately (a) to copper and (b) to cadmium, as follows: 

(1) One-day-old nauplii; 
(2) Five-days-old nauplii; 
(3) Ten-days-old copepodids; 
(4) Adult females with ovigerous bands (soon after 

mating and about 15 days old); 
(5) Adult females with ovigerous sacs (first ovigerous 

s a c ) .  

The 48 h LOs0 (concentration of a toxicant lethal to 50°70 
of the test animals after 48 h exposure) values were 
determined for each of the five life stages of Tisbe (a) for 
copper and (b) for cadmium, according to the Bliss (1938) 
method. For the determination of each 48 h LOs0 the 
appropriate life stage of Tisbe was exposed to five to seven 
concentrations of each metal. The range of metal 
concentration tested was established by preliminary tests. 
Twenty Tisbe, in groups of five, were exposed at each 
metal concentration (100-140 Tisbe were used for the 
determination of each 48 h LCs0). All experiments were run 
in constant temperature rooms at 18+0.5°C. The sea 
water used was previously filtered with a millipore filter 
(0.8/am) and autoclaved. No food was added during the 
48 h of experiments. 

Fresh stock solutions containing 20 mg Cu 1 ~ and 
20 mg Cd 1- ~ were prepared immediately prior to each test 
by dissolving CuSO4.5H20 and CdCI2.2H20 in sea water. 
These solutions were diluted appropriately to make the test 
metal ion concentrations. 

Results  

Copper was more toxic (about two times) to Tisbe than 
cadmium. The 48 h LCs0 values calculated according to 
the method of Bliss (1938) are given in Table 1. 

The most sensitive life stage of Tisbe for both metals 
was the one-day-old nauplius and the lowest 48 h Lcs0 
values were found for this life stage (0.3142 +0.0052 mg 
Cu 1 -~ and 0.53844-0.0062 mg Cd 1-~). The resistance of 
Tisbe to copper and cadmium progressively increased with 
larval age and the most resistant larval stage was the 
ten-days-old copepodids (0.9061 mg Cd 1 ~ and 
0.5289 mg Cu 1-1). However, the increase of Tisbe 
resistance to the two metals was not extended to the two 
adult stages tested. The Tisbe with ovigerous bands were 
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TABLE 1 

48 h LC50 in mg ions 1. - 1 of  Cu in the form of CuSO4 5H20 and Cd in the 
form of CdCI2.2H20 to various life stages of  Tisbe holothuriae. 

Metal 
Life stage Cu Cd 

One-day-old nauplii 
Five-days-old nauplii 
Ten-days-old copepodids 
Females with ovigerous bands 
Females with ovigerous sacs 

0.31424-0.0052 0.5384±0.0062 
0.3415+0.0004 0.6450+0.0092 
0.5289±0.0011 0.9061 ±0.0066 
0.4473 ±0.0021 0.9166 +0.0056 
0.4281 +0.0027 0.8727 +0.0166 

more resistant to metals than those bearing ovigerous sacs. 
In the case of copper, females with ovigerous bands were 
more sensitive than the ten-days-old copepodids while they 
demonstrated a slightly higher resistance to cadmium. 

Females with ovigerous sacs showed an increased 
sensitivity and for both metals were more sensitive than the 
ten-days-old copepodids. The more resistant life stage of 
Tisbe was the ten-days-old copepodids for copper, while in 
the case of cadmium the ten-day copepodites and females 
with ovigerous bands showed the higher resistance to 
cadmium (0.906 for the ten-days-old copepodids and 0.916 
for the females bearing ovigerous sacs). 

Discussion 

This paper concerns the acute toxicity of copper in the 
form of CuSO4.5H20 and cadmium in the form of 
CdC12.2H20 to various life stages of Tisbe holothuriae at 
18°C and 38%oS. The form of the metal salt (Mora'ftou- 
Apostolopoulou & Verriopoulos, in press, a), temperature 
and salinity (as has been previously referred to) are among 
the factors that influence the toxicity of metals to marine 
animals. The effects of metals are further complicated by 
biological variables such as sex, life stage and prior 
adaptation to pollution conditions (Bryan & 
Hummerstone, 1971; Vernberg et al., 1974; Brown, 1976; 
Mora'Rou-Apostolopoulou, 1978). 

Copper and cadmium are listed among the metals most 
highly toxic to aquatic organisms (Doudoroff & Katz, 
1973). Copper proved more toxic to Tisbe than cadmium. 
This is in accordance with the literature data that copper is 
more toxic to marine animals than cadmium (Mora'ftou- 
Apostolopoulou et al., 1979; Mora'flou-Apostolopoulou & 
Verriopoulos, in press, b). Tisbe was more resistant to 
both copper and cadmium than other (planktonic) 
copepods (Gibson & Grice, 1977; Mora'flou- 
Apostolopoulou, 1978; Moraitou-Apostolopoulou et al., 
1979; Ahsanullah & Arnott, 1979) or benthic animals 
(Eisler, 1971). 

The sensitivity of Tisbe to both metals presented 
differences according to the life stage. The most sensitive 
ontogenetic stage of Tisbe was one-day-old nauplii. The 
resistance of larval stages of Tisbe to copper and cadmium 
increased with age. Five-days-old nauplii were more 
resistant than the one-day-old, while the most resistant 
larval stage was the ten-days-old copepodids. In 
crustaceans there is evidence that metals concentrate in the 
body covering and their entry into the body is thus 
reduced. Bertine & Goldberg (1972) reported higher levels 
of mercury in the proteinaceous moults than in the tissues 
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of the shrimp Crangon crangon. The sensitivity of young 
larval forms may be associated with the thinness of their 
body covering. The completion of body covering 
diminishes the entry of metal into the body, thereby 
increasing the resistance of older forms. According to 
Bryan & Hummerstone (1971) the regulation of metal ions 
is less effective to young than adults. It seems that in 
young forms the mechanisms of detoxification observed in 
adults (Bernard & Lane, 1961; Bryan, 1974) have not yet 
developed. Laboratory studies have demonstrated that 
larval stages of marine invertebrates are more sensitive to 
metals than are adults (Vernberg et al., 1973; Calabrese et 
al., 1973; Wier & Walter, 1976). 

Surprisingly enough, the important increase of Tisbe 
resistance to the two metals with age was not continued to 
the adult stages. An abrupt decrease of resistance to 
copper was observed to the adult females bearing 
ovigerous bands while in the case of cadmium these 
females showed a very slight increase in the resistance to 
cadmium. Furthermore, the females with ovigerous sacs 
demonstrated a pronounced sensitivity to both metals and 
were more sensitive than the females bearing ovigerous 
bands and the ten-days-old copepodids. 

In a previous paper (Mora'~'tou-Apostolopoulou & 
Verriopoulos, in press, b), working also with ovigerous 
Tisbe females, the 48 h LCs0 of Cd were found higher than 
those observed in this paper (0.97 +0.04 mg Cd l-~). We 
cannot say if the observed differences are due to the 
difference in the age between the ovigerous females (the 
females of the previous paper were not young ones bearing 
their first ovigerous sac) or to experimental conditions 
(mainly differences in ~he organic substances content of 
the two waters resulting in different complexation of the 
metal). Furthermore, copper has been found to affect the 
reproduction of marine zooplankton (Reeve et al., 1977; 
MoraRou-Apostolopoulou & Verriopoulos, 1979). It is 
possible that in some phase of the reproductive mechanism 
a substance, e.g. an enzyme, eventually important for 
survival, becomes sensitive to metals. It is also possible 
that the reproductive effort contributes to the observed 
sensitivity. 

Although research with pollutants using adult animals is 
useful for demonstrating the effect of a pollutant to 
marine organisms, it does not seem to provide enough 
information for the animals' response to a toxic substance. 
Young stages are generally more sensitive than adults and 
may suffer harmful effects at concentrations considered 
safe for the adults. From our results it seems also that even 
adult animals, when in the reproductive phase, may 
present increased sensitivity. It became evident from this 
study that research which includes various life stages of an 
animal provides a much more realistic idea of what the 
responses of an animal to a pollutant might be in nature. 

The toxicity results concern the nominal added metal 
concentrations. As discussed by Portmann (1970), losses 
due to uptake by the organisms and absorption onto the 
walls of the test containers as well as the existence of 
inorganic ligands or complexation of metals in natural sea 
water may occur. However, according to the same author, 
in test lasting up to 48 h it is unlikely that a significant 
amount of metal ion is removed. 
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The Acute Toxicity of Motor Fuels to 
Brackish Water Organisms 
M A R I A  T A R K P E A  a n d  O L O F  S V A N B E R G  

T he  N a t i o n a l  E n v i r o n m e n t  P r o t e c t i o n  Board ,  Brack i sh  W a t e r  T o x i c o l o g y  Labora to ry ,  S t u d s v i k ,  S-611 82 NykOp ing ,  

S w e d e n  

The addition of synthetic additives, such as methanol and 
methyl tertiary butyl ether (MTBE) to the base fuel, with the 
aim of raising the octane content of  motor fuel, is 
currently of special interest in Sweden. A question, which has 
to be solved, is whether it is preferable to carry the additives by 
ship in separate tanks, because of the probable enhanced 
toxicity of the motor fuels by the addition of solvents, or not. 
The acute toxicity of these blend fuels has been compared 
with the acute toxicity of  base fuel, gasoline and low leaded 
gasoline. As test organisms, two representative species of  the 
Baltic Sea have been used, the harpaedcoid Nitocra spinipes 
and the bleak, Alburnus alburnus. The results of  the tests 
show that the acute toxicity of  base fuel to aquatic organisms 
is not increased by the addition of 15070 methanol or 5070 
M T B E .  

A large a m o u n t  o f  the  m o t o r  fuel  des t ined  for  S w e d e n  is 

t r a n s p o r t e d  by  ship  in the  Bal t ic  Sea. New syn the t i c  

addi t ives  a re  c o n t i n u a l l y  be ing  i n t r o d u c e d  o n  the  m a r k e t .  

T o  be  ab le  to  fo recas t  a n d  reduce  the  ef fec ts  o f  poss ib le  

spills, in the  event  o f  acc iden ts ,  it is essent ia l  to  k n o w  the  

sensi t ivi ty  o f  the  a q u a t i c  o r g a n i s m s  to  these  p roduc t s ,  

w h e t h e r  i so la ted  or  in c o m b i n a t i o n  wi th  p e t r o l e u m ,  as in 

b l end  fuels.  

It cou ld  be  expec ted  tha t  the  toxici ty  o f  the  gaso l ine  is 

e n h a n c e d  by  the  a d d i t i o n  o f  so lven ts  wi th  the  abi l i ty  to  

d issolve  m o r e  o f  the  n o n - p o l a r  c o m p o n e n t s  in to  the  wa te r  

phase .  Because  o f  this,  the  q u e s t i o n  was  ra i sed  as to  w h e t h e r  

it w o u l d  be  adv i sab l e  to  ca r ry  the  add i t ives  in s epa ra t e  t a n k s  

in o r d e r  to  r educe  the  nega t ive  ef fec ts  o n  b i o t a  in the  event  o f  

sh ipwreck .  

T h e  a im o f  this  s t udy  was to  see w h e t h e r  the  acu t e  

toxicit ies to  r ep re sen t a t i ve  species f r o m  the  Bal t ic  Sea o f  the  
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