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ABSTRACT 

The acute toxicity of cadmium, copper, lead and zinc to Penaeus monodon (Tiger prawn) was 

evaluated in static renewal tests. Each test lasted up to 4 days and 96 hours LC50 values were 

calculated. The toxicity of each metal increased with exposure time for cadmium, copper, 

lead and zinc respectively. The 96 hours LC50 values based on the measured concentration for 

cadmium, copper, lead, and zinc were 1.72, 0.66, 0.41, 2.36 mg/l. Lead was toxic to 

P.monodon than zinc followed by cadmium and copper tested. The order of toxicity was 

Pb>Cu>Cd>Zn. Our results found that postlarvae are well protected by both the current 

CCME Canadian water quality guidelines for the protection of aquatic life, as LC50 values 

were at least 25 times higher than the guideline concentrations. 
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1. Introduction 

In industrialized countries, environmental problems are less related to acute toxicity of 

environmental pollutants than to sublethal, synergistic and long-term effects which are 

difficult to detect and whose consequences for ecosystems are far from being understood 

(Watts and Pascoe, 2000). Urbanization poses a significant risk to estuarine fauna, 

particularly crustaceans. Prawns are amongst the most abundant and ecologically important 

species (Leight et al., 2005). These species play a major role in energy transfer in salt marsh 

ecosystems (Kneib, 1997). Historically, it is also an economically important species 

supporting major fisheries and has been used extensively in toxicity testing because they are 

widely distributed, abundant, sensitive to environmental contaminants and relatively easy to 

hold and culture in the laboratory (Akpu et al., 2010).  

Biological toxicity testing is a relatively simple laboratory bioassay that measures the 

biological response of marine organisms, particularly at their highly sensitive early life stages 

(Duquesne et al., 2004). The overall toxicity of heavy metals is commonly assessed using 

laboratory bioassays where organisms are exposed to contaminants (Chapman and Wang, 

2001). Invertebrates are routinely used as candidate organisms in such bioassays, and early 

life stages of invertebrates are often the most sensitive to contaminants (Rand et al., 1995). 

Environmental stress from pollutants seems to be an important determining factor signaled by 

the occurrence of increase in diseases (Lacoste et al., 2001). Determination of Lethal 

Concentration (LC) for toxicants is an essential prerequisite in all toxicological investigations 

and several investigations have been carried out on heavy metal toxicity in prawns (Bat et al., 

2001).  Toxicity of heavy metal to aquatic organisms has been intensely studied (Khallaf et 

al., 2003; Filho et al., 2004; Kalpaxis et al., 2004; Shaw and Handy, 2006). The presence of 
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heavy metals in the environment has increased in some areas to levels, which threaten the 

health of aquatic and terrestrial organisms including man (Honda et al., 2008). A major 

challenge, therefore, is to predict the effects of contaminants on aquatic organisms and to 

establish toxicity criteria for acceptable levels of chemical contamination (Bat et al., 2001). A 

reason for interest in heavy metals and behavior in aquatic communities is that heavy metals 

may have different behavioral effects at concentrations much less, than at which they have 

lethal effects, suggesting that regulatory pollution limits based upon standard toxicological 

studies may be too high to prevent damage to aquatic communities through the sublethal 

behavioural effects (Klaschka, 2008). Hence, in the present study the acute toxicity was 

conducted to study the impact of cadmium, copper, lead and zinc on the postlarval stages of 

tiger prawn. 

2. Materials and methods 

Postlarval stages of Penaeus monodon (PL-12) was collected from the local hatcheries in and 

around Marakanam (Tamil nadu, India). Collected juveniles were immediately transported to 

the laboratory in air filled plastic bags and acclimatized in glass aquaria with aerated natural 

filtered seawater for a period of 8 days at 28 PSU salinity, temperature of 28 ±2 °C, dissolved 

oxygen of 5.6 mg/l and pH of 8.01. Postlarvae of Penaeus monodon were fed with mixed 

feed for P.monodon (Japan) throughout acclimatization period. The dead animals were 

removed immediately. The remaining detritus were removed by siphoning (USEPA, 1996). 

Stock solutions of cadmium, copper, lead and zinc were freshly prepared by dissolving the 

proper metal salts (CdCl2 .2.5H2O for Cd (Cadmium chloride hemi (pentahydrate), CAS-

7790-78-5, molecular weight-228.36), CuCl2 for Cu (Copper (II) chloride, CAS-7447-39-4, 

molecular weight-170.48), Pb (NO3)2 for Pb (Lead (II) nitrate, CAS-10099-74-8, molecular 

weight-331.23) and ZnSO4.7H2O for Zn (Zinc sulfate, CAS-7446-20-0, molecular weight-

287.54) in deionized (double distilled) water with glass standard flasks. Stock solutions were 

acidified by the addition of 0.1 ml of concentrated nitric acid per litre of stock solution 

(Chapman, 1978). Fresh stock solutions were prepared daily. These solutions were serially 

diluted to get the experimental concentration for the toxicity test. The experimental method 

includes static renewal (24-hour renewal) test by following the method of for range finding 

test (preliminary tests) (USEPA, 2002a). Range finding tests were conducted to establish 

suitable concentration ranges for conducting definitive test for acute test. Five concentrations 

in a geometric series including control were prepared for the test for 4 days in acute toxicity 

test Toxicant and seawater were replaced on daily basis (USEPA, 2002b).  

Dilution water for the experiment was collected from the unpolluted site (Neelangarai, India) 

and filtered through 0.45µm filter paper (HA-Millipore) using Millipore vacuum pump. Test 

organisms were added to test chambers within 30 minutes of addition of the test material to 

dilution water. Each series of test chambers consisted of duplicates with 20 animals in a 5 L 

glass trough. Test chambers were loosely covered to reduce evaporation, to minimize the 

entry of dust into solutions, and to prevent loss of test animals. Experiments were conducted 

at salinity of 28 PSU, temperature of 28 ±2 °C, dissolved oxygen of 5.6 mg/l and pH of 8.01 

with gentle aeration. Test animals were not fed during acute test. Temperature, pH, salinity, 

dissolved oxygen and test concentrations were measured to ensure the acceptability and 

validation of the tests, following standard methods (USEPA, 1996). Water quality parameters 

were analyzed following (Grasshoff et al., 1999). Daily observations were recorded for 

survival and mortality. The criterion for determining death was the absence of movement 

when the animals were gently stimulated. Dead animals were removed at each observation 

and survivors were counted. Maximum-allowable control mortality was 10 per cent for a 96 
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hour period of testing and (USEPA, 2002b). A computerized probit analysis program 

(USEPA probit analysis program version 1.5) (Probit Program version 1.5) was carried out 

for the calculations of LC50 values at the termination of each test and upper and lower 95 per 

cent confidence levels were also calculated. 

3. Results and discussion 

During the toxicity test, temperature were maintained at 28 °C ±0.3, salinity was maintained 

at 28 ±1.2 PSU, pH was 7.78, and dissolved oxygen was maintained with 4.9 mg/l. The total 

hardness varied from 1550 to 1786 ±11.3 mg/l. The postlarvae exposed to cadmium, copper, 

lead and zinc to acute toxicity test showed that P.monodon were sensitive to lead and tolerant 

to zinc. The order of toxicity was Pb>Cu>Cd>Zn (Table 1).  The postlarvae exposed to 

higher heavy metal concentrations showed piercing character with rostrum to the glass trough, 

rapid moulting, and the moulted larvae were sensitive to metal concentration and 

cannibalistic behaviour was observed.  The mortality of the P.monodon was observed by the 

red colouration of the whole body. The 96-hour LC50 values were compared to CCME (2006) 

in Table 2. Note that, although the CCME values in Table 2 are calculated for a hardness of 

20 mg/L CaCO3 equivalents (the lowest recommended extrapolation), this hardness level 

(20mg/L) is still lower than the laboratory water used in this experiment (hardness, 1550 to 

1786 ±11.3 mg/l). 

Table 1:  Results of 96 hour LC50 (mg/l) in range finding test (preliminary test) for 

conducting definitive acute toxicity test (static renewal) 

Metal Concentration used (mg/l) 96 hour LC50 (mg/l) 95% LCL-UCL 

Cd 0.01, 0.1, 1, 10, 100 1.32  0.73 – 2.40 

Cu 0.01, 0.1, 1, 10, 100 0.95  0.53 – 1.71 

Pb 0.01, 0.1, 1, 10, 100 0.39  0.22 – 0.72 

Zn 0.01, 0.1, 1, 10, 100 2.74  1.69 – 4.63 

*The concentration used for the range finding test includes control and was conducted 

in duplicate; LCL-UCL indicates the lower confidence level and upper confidence level 

(95%) 

 

Copper appears to be toxic to juvenile tiger prawn. Elfing and Tedegren (2002) reported high 

toxicity of copper at low salinity. This difference may be because of the ability of the low 

saline water to maintain the metals in solution or suspension (Cheng, 1988). The 96 hour 

LC50 for juvenile P.monodon obtained in the present study was 0.66 mg/l. Eisler (1971) 

reported 96 hour LC50 for juvenile grass shrimp of 0.42 mg/l. Nimmo et al. (1977) reported 

similar 96 hour LC50 of 0.76 mg/l for the same species. Eisler (1985) concluded in his 

synoptic review of cadmium hazards to fish and invertebrates that crustaceans were sensitive 

marine group in short-term tests. In the toxicity review of the effects of temperature and 

salinity on heavy metals to marine and estuarine invertebrates, McLusky et al. (1986) 

reported that the order of toxicity of metals was generally:  Cd > Cu > Zn > Pb . In the 

present study P.monodon showed toxicity in the order of Pb>Cu>Cd>Zn.  Eisler and 

Raymond (1977) studied the acute toxicity of several heavy metals to estuarine macrofauna 

and found the rank order of toxicity to be Cd > Zn, which is true with the present study. 
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Vanegas et al. (1997) reported 96 hour LC50 for White Shrimp, 

P. setiferus, juveniles exposed to cadmium and zinc were 0.99 and 43.87 mg/l. 

 

Table 2:  Lethal Concentration (LC50 (mg/l)) of M. cephalus, P. viridis and P. monodon 

exposed to cadmium, copper, lead and zinc in acute toxicity test 

 

Metal 
96 hour LC50 (95% LCL-UCL 

mg/l) 
96 hour LC50 (µg/l) CCME (µg/l) 

Cd 
1.72 

(0.83 – 1.59 ) 
1720 0.017 

Cu 
0.66 

 (0.49 – 0.91) 
660 2 

Pb 
0.41 

 (0.29 – 0.53) 
410 1 

Zn 
2.36 

 (1.85 – 2.96) 
2360 30 

 

*LCL-UCL indicates the lower confidence level and upper confidence level (95%); 

Values are mean and 95% lower and upper confidence levels in parenthesis each n=2 

White shrimp juveniles were sensitive to cadmium than zinc, cadmium toxicity was 44 times 

greater than zinc.  Pink shrimp, P. duorarum exposed to cadmium showed an LC50 of 0.31 

mg/l, which is lower than the present study of 1.72 mg/l for P.monodon in 96 hour. Two 

species of grass shrimp Palaemonetes pugio and P. vulgaris showed an LC50 of 1.30 and 0.76 

mg/l (USEPA, 2001). P.monodon exposed to cadmium exhibited 1.05 mg/l 96 hour LC50 

(Chongprasith et al., 1999a). Tiger prawn, P.monodon exposed to copper had 0.58 mg/l as the 

96 hour LC50. Tiger prawn, P.monodon exhibited 96 hour LC50 for lead as 0.29 mg/l (Wong 

and Tan, 1999). Chongprasith et al. (1999b) reported the following LC50 values of 96 hour 

for Tiger prawn P.monodon as 2.5mg/l for zinc toxicity test. The present study results were 

comparable to the authors related to the acute toxicity and sensitivity of test animals to the 

heavy metals in static renewal. In this context this toxicity values derived is of great practical 

utility to provide biological criteria to establish quality standards that protect resources of the 

coastal environment, especially in the shrimp farms of the Tamilnadu coast of India. 

4. Conclusions 

Of the metals, tested postlarvae were the most sensitive to lead, followed by copper, 

cadmium, and then zinc. The relatively high tolerance to zinc is not surprising given that zinc 

is essential elements, which likely can be regulated. A surprising finding is that copper, 

which is essential, was more toxic than cadmium, which is not essential. Generally, cadmium 

is more toxic to organisms than copper. P.monodon is at least in part due to their ability to 

maintain internal calcium balance even with continued cadmium exposure. P.monodon seem 

to be very interesting object in toxicological studies because it has a reputation of being a 

resistant that can survive in the environment. Based on the CCME, we would expect 

cadmium, followed by copper, then lead, to be the most toxic; however, in this study, lead 

was found to be the most toxic, followed by copper, then cadmium. The LC50 values for each 

metal are all orders of magnitude above the CCME guidelines. Thus, P.monodon are well 

protected by the current CCME guidelines. However, the knowledge of the effects of heavy 
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metals on the three marine organisms including lower stages of this test organisms are very 

limited, though there are papers describing their behaviour with heavy metals in adults. 
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