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Abstract 
   This study investigated the effects of increasing mercury (Hg) concentration on early 

developmental stages of sea urchin, Echinomethra mathaei, as a bioindicator. The toxicity test 

was carried out after the gamete released induction and fertilization in six concentrations of 

mercury within the range of 4, 8, 16, 32, 64 and 128 µg/L. Embryos samples were incubated 

for 30 h in control and test solutions. After incubation, the percentage of developed 4-arm 

pluteus larvae was recorded in each group and embryonic abnormalities were studied by a 

microscope. Results of this study indicate that exposure of embryos to increasing mercury 

concentrations lead to abnormalities such as changes to shape and size of pluteus larval arms 

and also arrested development in early embryonic stages. Furthermore, embryos were 

analyzed to determine mercury absorption by cold vapour atomic absorption spectrometry 

method (AAS). The median effective concentration (EC50) value calculated for mercury was 

17/42 µg/L. 
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 Introduction 

   Heavy metals are important and stable 

environmental contaminants and the main 

sources of their input into the marine 

environment are domestic and industrial 

wastes (Nagajyoti et al., 2008; Othman, 2008). 

The presence of heavy metals in the 

atmosphere, soil and water causes serious 

problems for all organisms and the 

bioaccumulation of which in the food chain is 

very dangerous (Celechovska et al., 2008). 

These contaminants have different effects on 

aquatics, including growth reduction, behavior, 

morphologic abnormalities and genetic 

changes (Gopalakrishnan et al., 2007; Nasehi 

et al., 2012). Mercury is one of the most 

important pollutants, particularly in the 

environments affected by the human-beings’ 

activities (Islam et al., 2007). Based on the 

chemical form, the dose and level of exposure, 

mercury and its compounds cause a great 

variety of toxicities (Satoh, 2003; Roos et al., 

2012). Chemical analyses determine the nature 

and degree of pollution, but do not provide any 

information about the effects of these 

substances on organisms (Fernandez and 

Beiras, 2001). So bioassays that the basis of 

which is measuring biological responses of 

marine organisms in early life stages have been 

used to study these effects of environmental 

pollutants (His et al., 1999). Many studies have 

shown that among the sea invertebrate, sea-

urchins extensively are used as standard 

organisms for doing these ecotoxicological 

tests (Cesar et al., 2004; Hovanec et al., 2005). 

Sea urchins are sensitive to marine pollutants 

in the early life stages and provide a useful 

assay for determining the toxicity of pollutants 

such as heavy metals (Eriksen et al., 2001; 

Bielmyer et al., 2005). Fernandez and Beiras 

(2001) have reported on sensitivity of the 

Paracentrotus lividus sea urchin embryo to 

mercury in the range of 0.01–0.10 mg/L. In 

this study, early developmental stages of sea 

urchin,  Echinometra mathaei from the  

Persian Gulf were used as bioindicators to 

determine the toxicity effects and thresholds of 

mercury. 

   

Materials and methods: 

   Sample collection 

   Adult sea urchins (E.  mathaei) were 

collected from the subtidal rocky shore at 

Bostane port (26˚31'N, 54˚39'E). Then, 

samples were transferred to the Persian Gulf 

and Oman Sea Ecological Research Institute 

laboratory and were maintained in tanks which 

contained  sea water. 

Preparation of metal solutions 

   Test solutions were prepared by dissolving 

Hg (NO3)2 in filtered (0.5 & 1 µm filters) sea 

water in the range 4, 8, 16, 32, 64 and 128 

µg/L concentrations. Filtered natural sea water 

was used as the control group. 

Toxicity test 

   Initially, spawning was inducted by the 

injection of 1 mL KCl 0.5M into the celomatic 

cavity. Sperms and eggs were collected in 

separate dishes containing filtered sea water 

and for an integrity check gametes were 

observed under the microscope. In order to 

fertilize, a little amount of sperm solution was 

transferred to egg solution. After the first 

cleavage, embryos at the two-cell stage were 

added to 500 mL of test and control solution to 
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attain a final density of 20 embryos/mL. Three 

replicates were used for test and control 

solution, and the experiment was maintained at 

29 °C and salinity of 39 g/L for 30 h. These 

conditions allowed complete development of 

embryos into pluteus larvae. After the 

incubation period, samples were fixed with 4% 

formalin. Afterwards, in each replicate the 

percentage of 4-arm pluteus larvae was 

recorded and the percentages of normal and 

abnormal larvae were determined. In addition, 

the samples for chemical analysis were 

collected. 

Chemical analysis 

   All reagents were of analytical reagent grade: 

nitric acid 10% (Merck, Germany); stannous 

chloride 99% (Merck, Germany). Deionized 

water was used for the preparation of all 

solutions (Milli-Q System, Millipore). 

Mercury stock standard solution (1000 mg/L) 

was prepared by dissolving 1.354 g of HgCl2 

in 10% HNO3 in a 1000 ml glass volumetric 

flask and kept in the refrigerator (+4 °C). The 

working solutions were freshly prepared by 

diluting an appropriate aliquot of the stock 

solution through intermediate solutions using 

10% HNO3. Stannous chloride solution (1.1% 

v/v) was prepared by dissolving the salt in 

1000 ml of 3% HCl. Standard solutions and 

samples were stabilized by  adding 1–2 drops 

of a 5% (w/v) KMnO4 solution.  

The reliability and consistency of Hg level in 

samples; analysis was confirmed by using 

certified reference materials (CRMs) which 

were analyzed in parallel with the samples. 

In order to measure the concentration of 

mercury absorbed by the samples, embryos 

preparation was performed in different 

concentrations (4, 8, 16, 32, 64 and 128 µg/L) 

based on Moopam method (1999). Mercury 

was analyzed by automated cold vapour 

atomic absorption spectrophotometry 

(Fernandez and Beiras, 2001). Mercury 

analysis was done by atomic absorption 

spectrophotometry (AAS-Thermo-M series). 

Statistical analysis 

   We used Kruskal-Wallis and Dunnett tests to 

evaluate the effects of mercury on 

development of embryos. Furthermore, the 

median effective concentration (EC50) for 

mercury, i.e. the metal concentration reducing 

embryogenesis success to 50% of the control 

values, was obtained by linear regression of 

the larval percentage data against the logarithm 

of concentration (µg/L of metal ion ). 

 

Results 

Embryogenesis success 

Gradually by increasing concentrations of 

mercury, percentage of pluteus larvae 

development decreased and the percentage of 

the other developmental stages increased (Fig. 

1). 
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Figure 1: The percentage of Echinometra mathaei developmental stages at different 

concentrations of mercury 

 

As illustrated in the concentration-response 

curves (Fig. 2), increasing mercury 

concentration inhibited embryogenesis success 

(defined as the percentage of developed 4-arm 

pluteus larvae). The results of Kruskal-Wallis 

tests showed significant difference in mean 

percentage of pluteus larval development in 

different mercury concentrations (P<0.01).  

 

Figure 2: Mean percentage of pluteus larval development at different concentrations of 

mercury, each data point represents the mean of three replicates. [Error bars=SD] 
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Furthermore with increasing mercury 

concentrations, the percentage of normal 

larvae reduced and the percentage of abnormal 

larvae increased, as at concentration 32 µg/L 

almost all larvae had abnormal development 

(Fig. 3). The EC50 value (the metal 

concentrations reducing embryogenesis 

success to 50% of the control values) 

calculated for mercury was 17/42 µg/L in this 

study.  

 

 

Figure 3: Percentage of normal and abnormal pluteus larvae development after 30 h  of 

exposure to the mercury 

 

 

Morphological studies  

The morphological results showed that at 4 

µg/L mercury concentration approximately all 

of embryos reached to pluteus larval stage 

(98.68%) and the majority of them (54.98%) 

had normal development (Fig. 4A). At the 

concentration of 8 µg/L, nearly 51.33% of 

embryos had abnormal development. Larval 

abnormalities included changes to shape, size 

and number of pluteus larval arms (skeletal 

abnormalities) (Fig. 4B). At the concentration 

of 16 µg/L, less than half of sample (45/54%) 

reached to pluteus larval stage and the majority 

of reminders were at perism stage (Fig. 4C). At 

32 µg/L, nearly half of the embryos (51.67%) 

were found at gastrula stage (Fig. 4D). At 64 

µg/L, due to increase in mercury accumulation 

in embryo and increase in toxic effects, no 

pluteus larva was formed and most of embryos 

development was arrested at morula and 

blastula stages (Fig. 4E). At the concentration 

of 128 µg/L of mercury, development was 

arrested at earlier cleavage (Fig. 4F). The 

EC50 value (the metal concentrations reducing 

embryogenesis success to 50% of the control 

values) obtained for mercury was 17.42 µg/L.  
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Figure 4: Effect of different concentrations of mercury (induced in two-cell stage after 30 h of 

development) on early embryonic development and pluteus larvae. A-C: show abnormal pluteus 

development at 4, 8 and 16 µg/L of mercury respectively. D: 32 µg/L mercury, showing 

developmental arrest of half of the embryos to the gastrula stage. E: 64 µg/L mercury, showing 

developmental arrest in morulae stage in the majority of embryos. F: 128 µg/L mercury, 

showing developmental arrest at 8 and 16 cell stages. Scale bar = 100 µm for A-C; Scale bar=50 

µm for D-F. 

 

Chemical analyses 

The measured absorbed mercury in the 

embryos showed that mercury absorption 

increases by increasing mercury concentration. 

Any value in Figure 5 shows the amount of 

absorbed mercury per 30,000 embryos (in 3 

replicates) in each concentration. 
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Figure 5: Absorbed mercury measured from embryos at concentrations of  4,8,16,32,64 and 128 

µg/L mercury. Each point represents average of three replicates. 

 

Discussion 

   Early developmental stages of some 

invertebrates such as sea urchin have 

extensively been used to determine the effects 

of environmental contaminants (Simon and 

Laginestra, 1997). The toxicity of mercury on 

embryonic development of sea urchin E.  

mathaei was explored in this study. The results 

of this research revealed that early life stages 

of sea urchin are really sensitive to mercury 

and the absorption of mercury by the sea 

urchin embryos, E. mathaei caused many 

abnormalities.  The exposure to mercury 

during early developmental stages lead to 

arrested development and morphologic 

abnormalities in embryo and larvae. Such 

abnormalities were also reported by Fernandez 

and Berias (2001). Similarly Eissa (2007) 

reported that mercury causes different 

abnormalities including, exo-gastrola (in which 

archenteron is not formed inside the embryo), 

Mesenchyme- filled blastulae and gut or 

skeletal abnormalities in larvae. The larval 

skeleton of the sea urchin contains an 

embedded proteinaceous matrix and calcium 

carbonate (CaCO3). Since the presence of Ca 

++ ion is necessary for spicule formation, it 

seems possible that the ability of the Hg ions  

in disturbing the ionic balances (e.g., Ca++) is 

the probable reason for the formation of 

skeletal abnormalities (Walter et al., 1989; 

Warnau et al., 1996; Gillot et al., 1999). The 

EC50 (Median Effective Concentration) values 

for mercury measured in this study were 17.42 

µg/L while the EC50 values for mercury on 

Paracentrouts lividus  reported 21.95 µg/L 

(Fernandez and Beiras, 2001), compared to 20-

40 µg/L (Warnau et al., 1996) and 4-8 µg/L 

(His et al., 1999).  The comparison of the 

present results and other studies shows the 

existence of some differences in the EC50 

values. Some of the possible reasons for these 

differences might be related to the differences 

in the used species, their habitats and 

exposures time. Different species show 

different resistance to contaminants. Also, the 

amount of time to reach a particular 

developmental stage (exposures time in 

toxicities tests) differs between various species 

coming from different latitudes (King and 

Riddle, 2001; Prato et al., 2006). Indeed, the 

difference in environmental factors such as 
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temperature, salinity, pH and reaction of 

pollutants to environmental compounds 

including organic and non-organic (which are 

naturally found in sea environments) can affect 

the results of toxicities tests (Bay et al., 1998; 

Jackson et al., 2005; Prato et al., 2006). These 

findings show that to do toxicity test, it is 

necessary to consider environmental factors 

and the amount of organic and non-organic 

substances in the environment. In conclusion, 

the maximum concentration of mercury in the 

Persian Gulf was reported 13.0 µg/L (Ropme, 

1999). Our study indicated that 17.42 µg/L of 

mercury reduced 50% the development of the 

test population, so the measured concentration 

of mercury is lower than the effective 

concentration. But it always seems necessary 

that increasing inputs of pollutants such as 

heavy metals to this ecosystem increases their 

levels to effective levels, following that the life 

of different species residing in this ecosystem 

can be exposed to serious dangers.  
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