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The newly-hatched tilapia larvae were exposed to sub-lethal concentration Cu2+ 
(0, 30, 50 and 100 µg/L) and lethal concentration Cu2+ (0, 200 and 400 µg/L) for 
24-96 h. Following the larval development, a whole-body Cu2+ concentration was 
dramatically increased and the amount of Cu2+ accumulation indicated a 
dose-response relationship with the ambient level of Cu2+ when the Cu2+ 
concentration was lower than 400 µg/L. Furthermore, the Cu2+ accumulation was 
significantly increased following the Cu2+ exposure time until 96 h. Cu2+ in the 
medium revealed a dose-response effect on the Na+, K+, and Ca+ contents in 
larvae. Changes of the Na+ and K+ contents were statistically significant when 
larvae exposure with higher than 100 µg/L Cu2+ and exposure time over 72 h. 
Calcium contents also appeared to decrease significantly in tilapia, that exposure 
with higher than 200 µg/L Cu2+ for 24 h. However, Na+ and K+ content caused 
significant increase of 17-23% in larval as compared to the control when larvae 
exposure to low concentration of Cu2+ (30-50 µg/L) for 24-72 h. Copper did not 
cause any significant effect on body Cl- and osmolality content in tilapia larvae as 
compared to the control. However, there was a restored phenomenon in the larvae 
exposure 100 µg/L Cu2+ between 24 and 72 h. The water content did not 
significantly decrease at any dose of Cu2+ exposure between 24 and 72 h, but it 
appeared statistically significant decreasing until the larvae exposure Cu2+ for 96 
h. The growth of tilapia larvae was significantly suppressed when they were 
exposed to 100 µg/L Cu2+ over 72 h. These results suggested that the sensitivity to 
Cu2+ in larval development was more evident than others stage. Furthermore, the 
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larvae were able to restore or regulate ions and osmolality when they were 
exposed to low dose of Cu2+ or at short time. 

  
 
Table 1. Comparison of whole-body Na�contents (µg/larva) of new-hatching 
larvae exposed to different levels of waterborne Cu2� for 24 to 96 hr. 
 
Brood1 

Concentration of Copper (µg/L) Exposure 
Time (hr) 0 30 50 100 
24 1.85±0.02 a 1.85 2.17±0.30 b 1.89±0.40 a 
72 1.92±0.24 a 2.43±0.39 a 1.76±0.20 a 1.84±0.32 a 
96 6.93±0.42 a 4.77±0.42 b 3.08±0.62 b 3.13±0.58 b 
 
 
 
Brood2 

Concentration of Copper (µg/L) Exposure Time(hr) 
0 200 400 

24 3.63±0.15 a 2.43±0.16 b 1.81±0.19 b 
72 4.51±0.21 a 2.02±0.25 b 1.58±0.21 b 
96 5.17±0.11 a 1.92±0.43 b ----- 
 
Mean±SD (n=4-6) is indicated  
---- No data available due to the larvae died 
Different superscribed letters indicate significant difference (p<0.05) among 
treatments (ANOVA analysis with Tukey’s comparison were using)  
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