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Abstract 
In the present study, Mercury (Hg) accumulation in different tissues of Yellowfin seabream under different 

Hg concentrations in the medium were investigated. For this, PurPuse 45 fish specimen of the same size 

(19.2±1.8cm and 134.0±36.1 g) were caught from Musa Estuary, in northwest of the Persian Gulf and 

transferred to the laboratory. Fish were divided into five different groups of 9 fish each. Each group was 

exposed to nominal Hg concentrations of 10, 20, 40 and 80 µg L-1 of HgCl2. Control fish were not exposed 

to Hg. After 21 days, fish were captured and their tissues (scale, fin, bone, skin, muscle, gill and liver) 

dissected. Tissue samples were digested and Hg concentration determined using cold vapor atomic 

absorption spectrophotometer. The results showed that different tissues accumulated different amounts of 

Hg. The order of Hg accumulation in Hg-treated fish was as follows: liver> gills> muscle≥ skin≥ bones≥ 

fins and scales, which was differeed than that in control fish tissues. Hg accumulations in all tissues 

strongly and positively correlated with Hg concentrations in the medium. 
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1. Introduction 

The development of industry and technological 

progresses rapidly changed the environment and 

human's life. Musa Estuary is under constant threat 

from exposure to different industrial effluents 

containing Hg as indicated in some reports (Dehghan 

Madiseh et al., 2009, Haghighat et al., 2011). This 

estuary is located in Bandar Imam, a port in northwest 

of the Persian Gulf. This area is subjected to discharge 

of mercury from chloralkali industries. The mercury 

released from these plants is in the inorganic form. 

Literature data demonstrate that Musa Estuary is 

polluted by mercury (Dehghan Madiseh et al., 2009, 

Haghighat et al., 2011).  

Hg is very toxic, and its adverse effects on aquatic 

ecosystems have long been known. Hg accumulates in 
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the body of aquatics and biomagnifies in the food 

chains (Al-Reasi et al., 2007; Coelho et al., 2010). 

Lack of regular monitoring of this ecosystem has 

raised concern about status of the estuarine ecosystem, 

assessment and biomonitoring of Hg levels in this 

estuary deems necessary. 

Biomonitoring of aquatic environments provide 

useful information on the movement, distribution and 

metabolism properties of pollutants in the target 

organisms (Van der Oost et al. 2003). Measuring of 

Hg in tissues is the best way to realize the dynamics of 

this pollutant in fish body and main target organs 

(Kasper et al., 2009; Guilherme et al., 2010). To 

understand Hg accumulation trends in fish, it is 

necessary to detect the Hg concentration in different 

tissues of the most commercially abundant and widely 

distributed marine fish (yellowfin seabream) in the 

studying area in Iran.   

Experimental studies in form of toxicity tests, with 

different chemical forms, exposure ways and 

organisms, provide useful information and help to 

better understanding the results gained from the 

environmental studies. Since organisms are most 

commonly exposed to mixtures of pollutants in the 

environment and various factors influence the results 

(Boening, 2000; William and Carolyn, 2003), therefore, 

this research was carried out to determine the trend of 

inorganic Hg accumulation in different tissues and 

identify target organs of Yellowfin seabream that is 

rarely studied.  

2. Materials and Methods 

2.1. Experimental Model 

For this study, 45 Yellowfin Seabream fish 

specimens, with a body length of 19.2±1.8 cm and 

weight of 134.0±36.1g, were collected from Zangi 

Creek and transferred to Imam Khomeini Mariculture 

Research Station immediately. Zangi Creek is one of 

the Musa Estuary's branches and according to the 

confirmation of Imam Khomeini Mariculture Research 

Station is less polluted and thus, provides the water for 

this research center.  

Collected fishes were acclimated for seven days in 

laboratory conditions. No effort was made to measure 

Hg content in these fish before acclimation. Acclimated 

fish were randomly divided into 5 groups of 9 specimen 

each and exposed to nominal concentrations of 0 (as 

control group), and 10, 20, 40 and 80 µg L-1 of Hg (as 

treatment groups) in triplicates. These sub-lethal doses 

were chosen based on LC50- 96h of mercuric chloride 

(HgCl2) for Yellowfin seabream (650 µg L-1) as 

reported by Hedayati et al. (2010).  

The experiment was performed in the form of static 

renewal system; to stabilize Hg concentration, 50 % of 

the water of tanks was changed every two days. The 

physico-chemical parameters of the water were 

monitored daily with the salinity of 46 ± 1 ppt, pH 7.8 

± 0.1, temperature 25C ± 1oC and dissolved oxygen 

8.2 ± 0.1 mg L-1 under 12 h illumination.  

Fish were fed to satiation twice a day (08:30 and 

17:30 h) with shrimp and food residues removed from 

the tanks by Siphoning 2 h after feeding. It should be 

noted that fish were starved for 48 h prior to 

experiment. After 21 days, the fish samples were 

removed from the tanks and their bodies washed twice 

with distilled water. The samples were placed in 

separate plastic bags, stored on ice in an icebox and 

transferred to the laboratory.  

2.2. Tissue Digestion and Measurement of Hg  

The fish samples were dissected and different tissues 

(scale, fin, bone, skin, muscle, gill and liver) were 

separated. Tissues were freeze-dried for 24 h and 

ground on an agate mortar to obtain a fine 

homogeneous powder. One g of each sample was 

weighed and 0.45 mg V2O5 and 5 ml HNO3 were added 

to it, and then allowed to digest for 1 h and 3 h at room 

temperature and 90 °C on a hot plate, respectively. 

Samples were cooled and 0.5 ml K2Cr2O7 was added 

(10% w/v solution) to each digestion tube. The digested 

samples were transferred to volumetric flasks and 
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diluted to 25 ml with distilled water (MOOPAM, 

1999). Finally, Hg concentration was assayed with the 

aid of cold vapor atomic absorption spectrophotometer 

(CVAAS) and the results were given as µg g-1 dry 

weight. 

2.3. Statistical Analysis 

Statistical analyses were carried out using the 

SPSS package program. Data normality was assessed 

using the Shapiro-Wilk´s test. The Hg concentration 

in tissues was compared by One-way ANOVA with 

Tukey's post hoc test (p < 0.05). Pearson correlation 

coefficient was used to determine the association 

between the concentration of accumulated Hg in 

tissues and Hg concentration in the medium. 

3. Results and Discussion 

The accumulations of Hg in tissues of Yellowfin 

seabream exposed to different concentrations of 

mercuric chloride are shown in Table 1. In control fish, 

the mean Hg concentrations in muscle, liver, gills, skin, 

bones, fins and scales were 2.81, 2.39, 1.03, 1.03,0.89, 

0.27and 0.11µg g-1, respectively. The order of Hg 

accumulation in control fish was as follows: muscle -

liver > gills- skin- bones> fin-scale. This finding is 

consistent with in vivo studies (Houserova et al., 2006; 

Rẻgine et al., 2006; Coelho et al., 2010; Guilherme et 

al., 2009). The elevated amount of Hg in liver is due to 

the role of this tissue in detoxification activity 

(Hogstrand and Haux, 1991; Havelková et al., 2008). 

Muscle because of having sulfur-containing amino 

acids (cysteine and methionine) and the high affinity to 

absorb Hg showed high levels of Hg (Boening, 2000). 

It should be noted that Hg concentration in muscle was 

higher than the WHO maximum permissible values for 

fish meat and fish products (>2.5 µg g-1 dw) (WHO, 

1990). This finding indicates the need for proper 

preventative action plan and mitigation of pollutants in 

Musa estuary. 

After the liver and muscle, high levels of Hg were 

observed in the gills, skin and bones of control fish, 

and insignificant differences were found between 

these three tissues. This result is in agreement with 

the findings by Koli et al. (1997). In a study by 

Houserova et al. (2006) on Leuciscus cephalus, Hg 

concentrations in gill and skin were also statistically 

similar and e lower than in liver and muscle. Régine 

et al. (2006) also found that Hg accumulation in gill 

was lower than in liver and muscle. Of course, this 

inconsistency in results can be due to differences in 

fish species and their trophic level (Koli et al., 1997; 

Régine et al., 2006). 

Table. 1: Hg accumulation (mg g-1), (mean ± SD) in Yellowfin seabream tissues exposed to dissolved HgCl2. 

          Dose 
tissues control 10 20 40 80 

scale 0.11 ± 0.04 0.21 ± 0.05 1.00 ± 0.04 2.075 ± 0.06 2.64 ± 0.90 

fin 0.27 ± 0.06 0.64 ± 0.07 1.09 ± 0.13 2.47 ± 0.16 3.75 ± 0.33 

bone 0.89 ± 0.14 1.40 ± 0.26 1.85 ± 0.37 2.64 ± 0.24 3.61 ± 1.01 

skin 1.03 ± 0.37 1.83 ± 0.69 2.37 ± 0.44 3.79 ± 0.55 6.09 ± 0.82 

muscle 2.81 ± 0.24 3.54 ± 0.13 4.22 ± 0.03 5.28 ± 1.01 6.82 ± 1.96 

gill 1.03 ± 0.37 4.67 ± 1.09 8.66  ± 0.77 18.06  ± 3.41 31.25 ± 2.31 

liver 2.39 ± 0.22 12.38 ± 2.97 22.97 ± 1.32 38.56 ± 10.55 140.06 ± 3.03 
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Scales and fins contained the least Hg in control fish. 

This result corroborates the results of study on Hg 

dynamics in Pike and Mudfish by Koli et al. (1977). 

These researchers reported that generally Hg contents 

of scales, fins, bones, skin and gills were relatively low 

and elevated levels of Hg occurred in highly 

vascularized blood tissues, such as liver and muscle. 

The results of fish exposed to dissolved Hg also 

showed that Hg does not accumulate in different 

tissues by the same magnitude and generally, the order 

of Hg accumulation was liver> gills> muscle≥ skin≥ 

bones≥ fins-scales. This pattern of Hg accumulation 

was somewhat different, compared with the results 

obtained from control fish. Hg distribution in fish 

tissues resulted from interactions between several 

factors, including chemical forms of the Hg, uptake 

routes and physicochemical characteristics of the 

surrounding environment of organisms which affected 

the Hg bioavailability (Wiener et al., 2003; Pickhardt 

et al., 2006; Régine et al., 2006). 

As shown in Figure 1, the accumulation of Hg in 

tissues revealed a significant and positive correlation 

with the Hg concentration in the medium (p<0.05). 

The highest levels of Hg were found in liver 

followed by gill of all exposed fish. Hg accumulation 

in the liver and gill quickly increased with increasing 

Hg concentration in the medium. As in 80 µg L-1 

treatment, Hg content in liver and gill showed about 

59 and 33 fold increase, respectively (Figure 2). This 

result is cosistent with those of Hilmy et al. (1987) 

who found a rapid increase in the Hg concentration 

of liver and gills of Clarias lazera exposed to 

inorganic Hg. 

Fish uptake Hg ions through gills and/or through 

the ingestion of food when exposed to Hg. The 

inorganic Hg that reaches the digestive tract is not 

absorbed through the gut wall barrier and is 

eliminated in feces (WHO, 1989; Kasper et al., 

2009), therefore, it is expected that gills be the main 

route for uptake of inorganic Hg and show high Hg 

content. Allen et al. (1988) and Oliveira Ribeiro et 

al. (1995) reported that because of direct contact of 

gills with polluted water and its high affinity to 

inorganic Hg, it is considered as the main route 

through which inorganic Hg enters the fish body and 

shows high levels of Hg. 

The absorbed Hg through gills is carried by blood, 

throughout the body and accumulated in tissues 

depending on their affinity and capacity to inorganic 

Hg (Kojadinovic et al., 2007; Ahmed et al., 2011). 

Liver is one of the tissues which accumulate high 

levels of Hg.  

After the liver and gills, highest Hg contents were 

found in the muscle. It seems possible that this 

observation of high levels of Hg in muscle is due to the 

primary high concentrations of Hg in this tissue before 

starting the experiment. Niimi and Kissoon (1994) 

evaluated Hg accumulation in different tissues (muscle, 

liver, gill, kidney, spleen and brain) of Rainbow Trout 

after 130 days exposure to waterborne HgCl2 and 

CH3HgCl. These researchers found that in exposure to 

inorganic Hg, the accumulated Hg in muscle was very 

low compared to other tissues. While in fish exposed to 

methylmercury, Hg contents of muscle were higher 

than Hg concentrations in brain and almost equal to that 

in other tissues. As can be seen, the Hg concentration of 

muscle in 80 µg L-1 treatment was only 2.5 folds more 

than the control group (Fig. 2). This is an indication of 

the low affinity of muscle to inorganic Hg and confirms 

results of Oliveira Ribeiro et al. (1995) and Houserova 

et al. (2006). 

As shown in Fig. 2, Hg content in skin of fishes 

exposed to highest concentration of Hg had 

approximately 6.5 fold increase, if compared with the 

control group, which was even higher than muscle 

tissue. Some studies reported that Hg uptake from the 

surrounding environment, especially in laboratory 

conditions where organisms are exposed to dissolved 

Hg, is reflected in high Hg concentrations in external 

organs, such as skin (Jeffree et al., 2006; Coelho et al., 

2008; Pethybridge et al., 2010). Moreover, according to 

Oliveira Ribeiro et al. (1996) the epidermal mucus of 

fish contains glycoproteins that trap inorganic Hg and 

this is the reason why skin contained high level of Hg. 
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