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ABSTRACT 
The toxicity of four organotin compounds towards freshwater crustacean Daphnia magna and 
marine shrimp Artemia franciscana was investigated. Daphnia magna proved to be more 
sensitive than Artemia franciscana as a test organism in detecting tin toxicity. Tributyltin 
chloride proved to be the most toxic among all four organotin compounds. Furthermore, 
trialkyltin compounds were more toxic than dialkyltin compounds. LC50 values for the effect 
of organotin compounds on Daphnia magna were also determined. Tributyltin chloride had 
an LC50 value equal to 0.00095 mg/L and dimethyltin dichloride had an LC50 value equal to 
19.27 mg/L. The interactive effects between tin and cyanide and tin and beryllium on Artemia 
franciscana were also investigated. 

 
 

1. INTRODUCTION 
 

The increasing worldwide use of organotin compounds in conjunction with their known 
toxicity potential has given rise to increasing concern about the environmental impact of 
these substances and their effect on the ecosystem. Over the recent years, organotins have 
been used as antifouling agents and they are considered as important pollutants in aquatic 
ecosystems (Day et al., 1998). Although the major use of tributyltin (TBT) as antifouling 
agent has been restricted or banned for use in small boats in many countries in Western 
Europe, Canada, U.S.A. and Japan, chronic concentrations of up to 100 ng/L TBT persist in 
surface marine and fresh waters.  
 
The toxicity of four organotin compounds was studied in this work including trimethyltin 
chloride, dimethyltin dichloride, tributyltin chloride and dibutyltin diacetate, in order to 
investigate the dependence of tin toxicity on chemical speciation. Toxicity tests were 
performed with two different kinds of aquatic organisms: freshwater crustacean Daphnia 
magna and brine shrimp Artemia franciscana. In addition, bioaccumulation of organotins in 
the body of Artemia species was examined. The close relationship between toxic effects and 
bioaccumulation has been shown in a number of bioassays using other test organisms such as 
Chlorella ellipsoidea (Aoyama et al., 1987) and Daphnia magna (Kungolos and Aoyama, 
1993). 
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Increased heavy metal contamination in marine ecosystems has become a major concern. Tin 
is one of the metals commonly found in seawater, because organotin has been used a lot as an 
antifouling agent (Day et al., 1998). On the other hand, it has become an accepted fact that, 
since chemicals never occur alone in nature, it is most important to investigate the combined 
effects of chemicals on aquatic organisms (Kungolos et al., 1999). There are quite some 
studies that investigate the effect of single chemicals on Artemia (Bagshaw et al., 1986; 
Verriopoulos et al., 1986; Persoone and Castritsi-Catharios, 1989) but few papers study the 
joint effect of chemicals on this marine organism (Verriopoulos et al., 1988). Furthermore, 
there are very few studies aiming at investigating the causes of synergism or antagonism 
between chemicals. In this study the relationship between mode of interaction and 
bioaccumulation is investigated.  
 
 
2. MATERIALS AND METHODS 
 
Larvae of brine shrimp Artemia franciscana were hatched from cysts that were obtained from 
Creasel, Belgium. Cyst hatching was initiated 48 hours prior to the start of the toxicity test. 
Only neonates (younger than 24 h) were used for the tests. The Artemia neonates were 
hatched with the help of a NOVITAL 504 incubator. Standard seawater with a salinity of 35 
g/L, prepared in the laboratory, was used as a hatching medium. Standard seawater was 
prepared by dissolving the following substances in distilled and deionised water: NaCl, 26.4 
g/L; KCl, 0.84 g/L; CaCl2, 1.26 g/L; MgCl2, 2.15 g/L; MgSO4, 2.72 g/L; NaHCO3, 0.17 g/L 
and H3 BO3 0.03g/L. The Artemia cysts were transferred into petri dishes together with 12 mL 
of standard seawater. The hatching petri dish was exposed to a light source (1000- 4000 lux) 
for one hour and then incubated in darkness for 24 hours at 25 ± 1 oC. After 24 hours, the 
larvae were transferred with a micropipet to a new hatching petri dish containing fresh 
standard seawater. Then the new petri dish was incubated for another 24 hours, in darkness, 
at 25 ± 1 oC, in order to allow the larvae to molt to the second or third instar stage. Before the 
start of the experiment, the organisms were transferred into rinsing cuvettes, in the 
appropriate test solution, thus minimizing dilution of the test solution during transfer. The 
toxicity experiment was performed in a multiwell plate and Artemiae were put in 3 wells, 
each well containing 5 mL toxicant solution and 10 organisms. All toxicity tests were done in 
duplicate. The multiwell plate was put in the incubator at 25±1 oC in darkness for 24 hours 
for the toxicity test. All tested solutions, including the control, had a salinity of 35 g/L. The 
tests were considered as valid, only if mortality in the control wells did not exceed 10 %. 
After the incubation was completed, the number of the dead Artemia species for each metal 
concentration was counted and the percentage mortality was evaluated. The LC50 
determination was done by means of a specific computer BASIC program (Trevors, 1986). 
 
Dormant eggs of Daphnia magna organisms were also obtained from Creasel, Belgium. 
Standard freshwater (ISO, 1982) was used as hatching medium. Only neonates (younger than 
24 h) were used for the tests. The crustaceans were hatched in 3-4 days from the eggs with 
the help of a NOVITAL 504 incubator. Incubation temperature was 20 ± 1 oC under 
continuous illumination. The test temperature was 20 ± 1 oC. Twenty neonates were used for 
each concentration or combination of concentrations tested. They were put in 4 wells, each 
well containing 10 mL toxicant solution and five neonates. If the mortality in the control 
exceeded 10 %, the results of that experiment were not taken into account (the same was true 
for Artemia franciscana experiments). An animal was considered to be dead, if it could not 
move its antennae after slight agitation of the water. 
 
Toxicity tests were performed with the following substances: Trimethyltin chloride, 
(CH3)3SnCl (TMT), dimethyltin dichloride, (CH3)2SnCl2 (DMT), dibutyltin diacetate, 
(C4H9)2Sn(CH3COO)2 (DBT), tributyltin chloride, (C4H9)3SnCl (TBT), potassium 
dichromate, K2Cr2O7, beryllium sulfate, BeSO4, and potassium cyanide, KCN. All chemicals 
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were of analytical grade. Potassium dichromate, BeSO4, and KCN were provided by Fluka, 
Germany while the four organotin compounds were provided by Aldrich, USA.  
 
Three substances were tested in the bioconcentration experiments, trimethyltin chloride 
(TMT), beryllium sulfate, BeSO4, and potassium cyanide, KCN. In these experiments, three 
100 mL solutions with concentrations of 10 mg/L Sn and salinity of 35 g/L, were prepared. 
The first 100 mL solution contained only 10 mg/L Sn, the second contained 10 mg/L Sn plus 
10 mg/L CN-, and the third contained 10 mg/L Sn plus 10 mg/L Be.  The solutions were put 
in glass beakers and 1000 Artemia neonates were put in each beaker, including the control. 
The samples were incubated at 25±1 oC for 24 h. After incubation, the samples were filtered 
(Whatman filters of acetic cellulose, metal free) and washed with distilled water, in order to 
rinse the metal that was not absorbed by the animals. The filter paper with the Artemia 
franciscana organisms after drying, was placed in furnace for dry digestion at 400 oC for 6 h. 
After dry digestion, the ash was dissolved with a mixture of HNO3/ HCl (1:1) solution, and 
the solutions were filtered again, under reduced pressure, in order to separate the ash 
particles. Consequently, each sample was diluted with distilled and deionized water up to 50 
mL. The amount of tin was determined by Inductively Coupled Plasma- Atomic Emission 
Spectroscopy (ICP-AES), using model Perkin Elmer, Plasma 400. The weight of a big 
number of animals was repeatedly measured and the average weight of one Artemia neonate 
was found to be 3 µg.  Assuming that the amount of tin in each solution that was measured by 
ICP- AES was absorbed by 1000 Artemia organisms, and having estimated the average 
weight of Artemia neonates, the quantity of tin absorbed by each animal was determined.  
 
Three substances were examined for their interactive toxic effects on Artemia. They were 
trimethyltin chloride (TMT), beryllium sulfate, BeSO4, and potassium cyanide, KCN. The 
interactive effect of chemicals can be antagonistic, additive or synergistic. Presently there are 
various models predicting the theoretically expected interactive effect of chemicals. The 
model followed in this study is based on the theory of probabilities and is presented in details 
in other communications (Kungolos et al, 1997; Kungolos et al., 1999). 
 
Let P1 be the inhibition rate caused by a certain concentration of chemical A1 and P2 the 
inhibition rate caused by a certain concentration of chemical A2. Then, the theoretically 
expected additive inhibition rate, when those concentrations of the two chemicals are applied 
together, is given by the equation: 
 

P(E) = P1 + P2 - P1P2/100      (1)     
 
Concerning the significance of the differences between theoretically predicted and observed 
experimental values, one sample hypothesis for testing percentages (Sanders et al., 1985) was 
used. The null hypotheses were that the observed values were higher or lower than the 
theoretically predicted ones, for synergistic and antagonistic effect respectively.  
 
 
3. RESULTS AND DISCUSSION 
 
The effect of different concentrations of four organotin compounds on Daphnia magna 
mortality was investigated. The four compounds tested were trimethyltin chloride, 
(CH3)3SnCl (TMT), dimethyltin dichloride, (CH3)2SnCl2 (DMT), dibutyltin diacetate, 
(C4H9)2Sn(CH3COO)2 (DBT) and tributyltin chloride (C4H9)3SnCl (TBT). Figure 1 illustrates 
the effect of different concentrations of TBT, DBT, TMT and DMT on Daphnia magna 
mortality. 
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Figure 1. Toxicity of the four organotin compounds to Daphnia magna. 

 
It is clear that organotin toxicity is strongly dependent on the chemical species of organotin 
used. The toxicity of tributyltin chloride (the most toxic among the compounds tested) was 
about 4 orders of magnitude higher than the one of dimethyltin dichloride (the least toxic 
among the compounds tested). Our results are consistent with results of other researchers that 
trialkyltin is much more toxic than dialkyltin (Boyer, 1989). On the other hand, it can be seen 
in Figure 1 that toxicities of DBT and TMT to Daphnia magna are quite comparable. In an 
earlier communication (Hadjispyrou et al., 2001), it has been shown that TMT is much more 
toxic to Artemia franciscana than DBT.  
 
Table 1 shows the lethal concentrations that cause 50 % mortality to either Daphnia magna 
or Artemia franciscana. It can be seen that, in all cases Daphnia magna as a test organism is 
more sensitive than Artemia franciscana. It has been reported that Artemia tends to be 
resistant to toxic substances (Trief, 1980). Figure 2 shows the effect of different 
concentrations of TMT (expressed as Sn), BeSO4 (expressed as Be), and NaCN (expressed as 
CN-) on Artemia franciscana. The toxicities of the three toxicants were in the range: 

Sn > CN- > Be 
 

TABLE 1 LC50 values for the effect of various compounds on Artemia franciscana and Daphnia 
magna. 

Artemia franciscana Daphnia magna 
Compound LC50, 24h 

(mg/L Sn) 
95 % Conf. Limits 

(mg/L Sn) 
LC50, 24h 
(mg/L Sn) 

95 % Conf. Limits 
(mg/L Sn) 

Dibutyltin diacetate 89.4 87.3 – 91.7 0.17 0.10 – 0.28 

Trimethyltin chloride 0.22 0.20 – 0.24 0.15 0.07 – 0.31 

Dimethyltin dichloride 80.7 78.0 – 82.3 19.27 12.20 – 30.36 

Potassium dichromate 4.77 4.57 – 4.98 0.31 0.24 – 0.41 

Tributyltin chloride - - 0.00095 0.0007 – 0.0013 
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Figure 2. Toxicity of trimethyltin, cyanide and beryllium to Artemia franciscana. 

 
The next step of this study was to investigate the interactive effects of tin with cyanide and 
beryllium. The interactive effect between tin and cyanide on the mortality of Artemia, for 
various concentration combinations, is illustrated in Figure 3.  
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Figure 3. Comparison between theoretical expected and observed moralities for the 

combined effect of TMT and cyanide on Artemia franciscana. 
 
It is shown that, in all concentration combinations tested, the observed interactive effect is 
lower than the theoretically expected effect. This means that the presence of cyanide 
decreases the toxicity of tin to Artemia franciscana. In all the cases presented here there was 
significant difference between the two effects. The interactive effect between tin and 
beryllium on the mortality of Artemia, a number of concentration combinations, is illustrated 
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in Figure 4. It is shown that, in all concentration combinations tested, the observed interactive 
effect is higher than the theoretically expected effect. This means that the presence of Be 
increases the toxicity of tin to Artemia franciscana, or, in other words, that there is synergism 
between Sn and Be, when the two toxicants are applied simultaneously on Artemia 
franciscana. 
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Figure 4. Comparison between theoretical expected and observed moralities for the 

combined effect of TMT and Be on Artemia franciscana. 
 
In the last decades, many cases of synergism and antagonism of chemicals have been reported 
in works with a variety of test organisms (Aoyama et al., 1987; Kungolos et al., 1999). Still in 
most cases, the cause of synergism or antagonism was not investigated. In this study we 
investigated the bioaccumulation of tin in the body of Artemia franciscana, in an effort to 
look for a potential link between synergism or antagonism and bioaccumulation. Three 
different 100 mL solutions plus one control were used in this experiment. The first 100 mL 
solution contained only 10 mg/L Sn, the second contained 10 mg/L Sn plus 10 mg/L CN- and 
the third contained 10 mg/L Sn plus 10 mg/L Be. One thousand animals were put in each 
beaker and the cultivation lasted for 24 h at 25±1 oC, in darkness. After incubation, the 
samples were filtered and rinsed, and wet and dry digestion was applied in the filter paper 
with the Artemia franciscana organisms. There was a control sample containing only filter 
paper, in order to rule out the possibility that the paper might contain Sn. Then, solutions 
were filtered again, in order to separate the ash particles and each sample was diluted with 
distilled and deionized water up to 50 mL. The amount of Sn, absorbed by the body of 
Artemia, when Sn was applied alone as well as in the presence of either 10 mg/L CN- or 10 
mg/L Be is illustrated in Figure 5.  
 
When Sn was applied alone, the concentration in the body of the animal was 750 mg Sn/ kg 
Artemia. In the presence of CN-, it was found to be 610 mg Sn/ kg Artemia and in the 
presence of Be it was 6900 mg Sn/ kg Artemia. It is clear that the presence of Be increased Sn 
bioaccumulation by Artemia almost 10 times. This can be a very reasonable explanation for 
the synergistic effect between Sn and Be towards Artemia. On the other hand, the presence of 
cyanide decreased Sn bioaccumulation by Artemia and this is a possible explanation for the 
antagonistic effect that was observed during the interaction of the two toxicants. 
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Figure 5. Comparison of Sn bioccumulation of TMT in the body of Artemia franciscana 
when Sn is applied alone and when it is applied in the presence of either CN- or Be. 

 
 
4. CONCLUSIONS 
 
Tin toxicity towards aquatic organisms, freshwater crustacean Daphnia magna and marine 
shrimp Artemia franciscana was strongly dependent on the chemical species of tin used. 
Trialkyltin was more toxic than dialkyltin towards both the test organisms. The toxicity of 
tributyltin chloride towards Daphnia magna was about 4 orders of magnitude higher than the 
one of dimethyltin dichloride, expressed in terms of LC50. The interactive effect of cyanide 
and trimethyltin on Artemia mortality was found to be antagonistic. On the other hand, the 
interactive effect of Be and trimethyltin on Artemia mortality was found to be synergistic. 
The presence of cyanide slightly decreases Sn bioaccumulation in the body of Artemia, while 
the presence of beryllium increases Sn bioaccumulation in the body of Artemia almost 10 
times. It is assumed that the difference in bioaccumulation is responsible for the difference in 
the mode of interaction of the toxicants. 
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