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Abstract 

The aim of this study was to investigate the heavy metals accumulation (copper and zinc) in the 

sediment and liver tissue of Otolithes ruber of the Pozm Bay and assessment of liver 

histopathological changes. Fish were collected from five stations by gillnet. Also, sediment 

samples were taken by using a Van Veen Grab. The concentration of heavy metals was 

measured using Flame Atomic Absorption Spectrophotometer after digestion. Liver tissue was 

prepared for histological study using routine histology methods. The highest and lowest 

concentration of copper was in sediments of C station (252.5 ± 3.31) and B station (107.3 ± 

40.85), μg/g dry weight, respectively. Also, the highest and lowest concentration of zinc were 

in sediments of B station (328.3 ± 20.38) and in C station (106.5 ± 9.9), μg/g dry weight, 

respectively. Accumulation of copper and zinc in the liver tissue of Otolithes ruber was 

recorded more than muscle tissue at all stations. The most frequent lesions in the liver were: 

leukocytes infiltration, vacuolation, hemorrhage, melanomacrophage centers aggregation, 

necrosis and nucleus hypertrophy. It was concluded histological lesions in the liver tissue of 

Otolithes ruber in Pozm Bay could indicate a longer time of exposed fish to contaminants. 
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1. Introduction 

Environmental pollution, especially marine 

pollution, is one of the most threatening issues facing 

humanity. Marine is one of the most important 

sources for supplying part of human needs, therefore 

preserving the marine environment and aquatic 

animals has a significant role in the survival of 

humans (Barbieri and Elisangela, 2009). Heavy 

metals are persistent pollutants that enter the aquatic 

ecosystems through natural and human resources.  

Although some of these metals, such as copper, zinc 

and iron, are necessary for the metabolism, some of 

these elements, such as cadmium, lead, mercury, 

copper, and zinc have destructive effects on human 

body, throughout the food chain (Yilmaz et al., 

2010). The long-term entry of heavy metals into the 

environment leads to a reduction in the reproductive 

capacity of aquatic animals, respiratory, kidney 

pathology, genetic defects and tumors formation 
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Chabahar Bay 

Oman Sea 

(Lamine Sall et al., 2020). Fish have an important 

role in human health due to their protein and also the 

rich source of unsaturated fatty acids. On the other 

hand, by continuous entry of a wide range of 

contaminants to aquatic ecosystems, heavy metals 

can bioaccumulate in the fish organs, therefore eating 

these fish seriously threatens human health 

(Kojadinovic, et al., 2007). Environmental 

contamination causes tissue lesions in fish, therefore, 

histopathological changes have been used for 

environmental monitoring (Roncarati et al., 2006). 

The effect of heavy metal accumulation in various 

tissues of fish, with ecological, behavioral, 

physiological, metabolic damages and effect on 

human health has been most attention in recent years 

(Palaniappan and Karthikeyan, 2009). Investigation 

of histopathological changes are widely used as a 

biological tool for controlling the health status of fish 

exposed to contaminants (Kaptaner et al., 2014). The 

liver is one of the unique organs in the metabolism 

and plays an important role in the accumulation of 

waste material and detoxification (Wong et al, 2001). 

Liver is very sensitive to contamination, thus it is a 

good biomarker of histopathological studies (Di 

Giulio and Hinton, 2008).  

Tigertooth croaker, Otolithes ruber is a teleost fish 

of Sciaenidae family. This species lives on mud beds 

and distribute from coastal areas to 40 meters depth. 

Otolithes ruber feeds on shrimp, small fish, and 

invertebrates (Fischer and Bianchi, 1984). Otolithes 

ruber is a valuable commercial species that are 

caught in the coastal strip of the Oman Sea.  

Pozm Bay with geographical coordinates 60° 12՜   

to 60° 19՜   North latitude 25° 18՜   to 25° 23՜   East 

longitude is located about 10 km west of the 

Chabahar Bay in the Oman Sea. There are several 

boat building and tuna factories in the Pozm Bay that 

sewage of these factories is released into this area. 

Also, Pozm Bay has a harbor, which is the location 

of the repairing and refueling of boats. Copper (Cu) 

and zinc (Zn), which are involved in some of the 

body's reactions and increasing their 

bioaccumulation in tissues can cause serious damage. 

Therefore, these two metals were selected for 

assessment. 

This study is the first report of heavy metal 

accumulation in muscle and liver tissue of Otolithes 

ruber and its histology in the Pozm Bay. Keeping the 

above facts in mind, the objectives of this study were 

as follows: a) how much copper and zinc are 

accumulated in sediment of Pozm Bay? b) how much 

copper (Cu) and zinc (Zn) are accumulated in the 

muscle and liver of Otolithes ruber at different 

stations of Pozm Bay? c) does the accumulation of 

heavy metals cause tissue lesions in the liver of 

Otolithes ruber? 

2. Materials and Method 

In the Pozm Bay, five stations were selected for 

assessment the accumulation of heavy metals (zinc 

and copper) in the sediments, muscle and liver of 

Otolithes ruber (Fig. 1). 

 

Fig 1: Map of sampling sites located in the Pozm Bay. 

 

Sediment samples were collected by using a Van 

Veen Grab and kept in plastic bag. Then they stored 

in -20°C until time of chemical analysis. Otolithes 

ruber (mean total weight of 245.9 ± 80.6 gr and total 

length of 24.2 ± 6.3 cm) were caught by gillnet 

during the autumn of 2015, from five stations. Then 

they were placed in an icebox containing ice powder 
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and immediately transferred to the laboratory for 

preparation and analysis (Moopam, 1999). In order 

to measure the concentration of heavy metals (copper 

and zinc) in sediments, muscle and liver tissues of 

Otolithes ruber, all samples were freeze-dried at -

50°C (Jal Teb, JFD 2L, Iran). Then one gram of 

sample was digested with 10 mL of HNO3-H2O2 

(Merck, Germany) with 1:1 ratio at 140˚C (AOAC, 

2005). Digested samples were filtered by filter paper 

(Whatman No. 42) and diluted to 50 mL (with 

double distilled water) (Zhang et al., 2007). 

Concentrations of heavy metals (Cu and Zn) were 

determined by flame atomic absorption 

spectrophotometer (Varian 240, Australia), with 

three replications. Heavy metal concentrations were 

expressed as μgg
−1

 dry weight. 

For histological studies, the liver tissue was 

separated and fixed in Bouin’s solution. After 48 

hours, samples were removed from Bouin's solution 

and stored at 70% ethanol (Velma and Tchounmou, 

2010). To prepare tissue slides, samples were 

dehydrated (with ethanol series) and embedded in 

paraffin by histokinet machine (Pooyan MK1420, 

Iran). Then, 5μm thickness serial histological 

sections were obtained from the paraffin blocks by 

using a rotary microtome (Pooyan MK1110, Iran). 

The tissue sections were stained with hematoxylin 

and eosin (H&E), and analyzed by an optical 

microscope with digital camera (Nikon eclipse50i) 

(Mishra and Mohanty, 2008). Histopathological 

changes observed in the liver tissue of Otolithes 

ruber were evaluated qualitatively based on the 

extent of the lesions and were categorized into four 

groups: "-": no lesion; "+" mild lesion (< 25%); 

"++": moderate lesion (25-50%); "+++": severe 

lesion (> 50%) (Mishra and Mohanty, 2008). 

Statistical analysis was performed using SPSS 22 

software. First, the Shapiro-Wilk test was used to 

ensure the normality of data. Then One-Way 

ANOVA was used to compare the means and 

evaluate the difference between the data. If there is a 

significant difference between the data, the Tukey 

test was used to separate the data. The difference 

between samples was investigated at 95% confidence 

level (P <0.05). Charts were also drawn using 

Microsoft Excel (2013). The data for each 

measurement was expressed as the mean ± standard 

deviation (mean ± SD). 

3. Results 

The results of heavy metals concentrations in the 

sediments of Pozm Bay are shown in Fig 2. The 

highest and lowest mean concentration of Cu was in 

the C station (252.5±3.31 μg/g dry weight) and B 

station (107.3±40.85 μg/g dry weight), respectively 

(Fig. 2). According to the results of one-way 

ANOVA, there was no significant difference 

between Cu concentrations of B, D, and E stations 

(p> 0.05). There is no difference between station C 

and A, and station A had a significant difference 

with other stations except C station (p <0.05). The 

maximum and minimum mean concentration of zinc 

was measured in the station B (332.8 ± 20.35 μg/g 

dry weight) and in the sediments of station C (106.5 

± 9.7 μg/g), respectively (Fig. 2). According to the 

results of one-way ANOVA, there was no significant 

difference between station A and E and D (p> 0.05). 

But there was a significant difference between other 

stations (p <0.05). 

The results of copper and zinc accumulated in the 

liver and muscle tissues of Otolithes ruber are 

presented in Table 1. Comparison of stations shows 

that the highest and lowest mean concentration of 

copper in the liver tissue of Otolithes ruber were in 

the station B (86.6 ± 22.78 μg/g) and station E (11.9 

± 6.10 μg/g), respectively. The results of one-way 

ANOVA for copper in the liver tissue showed that 

there was no significant difference between stations 

A, B, C, and D (p> 0.05).  
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Table 1: Mean concentrations (μg/g dry weight) of copper (Cu) and zinc (Zn) in the liver and muscle of 

Otolithes ruber at different stations. 

 Liver Muscle 

 Cu Zn Cu Zn 

St A 69.03±3.42 
ab 

115.7±3.35
 a
 0.64±0.10

 a 
3.6±0.64 

 a
 

St B 86.6±22.78 
a 

118.6±3.60
 a
 2.18±0.75 

b 
5.03±0.58

 a
 

St C 83.4±11.58 
a 

148.5±9.87
 a
 0.55±0.05

 a
 6.5±0.81

 a
 

St D 55.1±2.07 
ab 

178.9±12.3
 a
 0.34±0.07

 a
 8.5±1.45

 a
 

St E 11.9±6.10 
b 

64.6±13.34
 b

 0.17±0.05
 a 

2.4±0.63
 b 

Different letters in superscript show significant difference among stations (p < 0.05). 
 

 

Fig 2: Heavy metal concentrations (μg/g dry weight) in the surface sediment from different stations in the Pozm Bay. 

Different letters above the bars show significant difference among stations (P< 0.05).  

Station E had significant differences with other 

stations except for station A and D (p <0.05). Mean 

concentration of copper in the muscle tissue ranged 

between 0.17±0.05 (station E) and 2.18±0.75 (station 

B). According to the results of one-way ANOVA for 

copper in the muscle tissue of Otolithes ruber, there 

was no significant difference between station A, B, C 

and D (p> 0.05). But there was a significant 

difference between station E with other stations (p 

<0.05). Station E had significant differences with 

other stations except for station A and D (p <0.05). 

Mean concentration of copper in the muscle tissue 

ranged between 0.17±0.05 (station E) and 2.18±0.75 

(station B). According to the results of one-way 

ANOVA for copper in the muscle tissue of Otolithes 

ruber, there was no significant difference between 

station A, B, C and D (p> 0.05). But there was a 

significant difference between station E with other 

stations (p <0.05). The results of zinc determination 

in the liver tissue of Otolithes ruber at different 

stations in Pozm Bay showed that highest and lowest 

mean concentration of zinc were in station D (178.9 

± 12.3 μg/g) and station E (64.6 ± 13.34 μg/g), 

respectively. According to the results of one-way 

ANOVA, there was no significant difference 

between stations A, B, C, and D (p> 0.05). But 
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station E had a significant difference with all stations 

(p <0.05).  The maximum and minimum mean 

concentration of zinc were measured in the station D 

(8.5 ± 1.45 μg/g dry weight) and in the muscle tissue 

of station E (2.4 ±0.63 μg/g), respectively (Fig. 2). 

According to the results of one-way ANOVA, there 

was no significant difference between A, B, C and D 

stations (p> 0.05). But there was a significant 

difference between E station with other stations (p 

<0.05). Histopathological changes were observed in 

the liver tissue of Otolithes ruber from different 

stations of Pozm Bay. The observed lesions and their 

intensity in the liver of Otolithes ruber are presented 

in Table 2 and Fig. 3.  
 

 

 

Fig 3: Photomicrograph liver tissue of Otolithes ruber in the Pozm Bay. Co: control; stations: A, B, C, D and 

E; V:  Vacuolation; NH; Nucleus hypertrophy; MMC: Melanomacrophage centers aggregation; 

He: Hemorrhage; N: Necrosis; LI: Leukocytes infiltration. (H&E, 40X, Scale bar: 10μm). 
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Table 2: Histopathologic analysis of Otolithes ruber at different stations of Pozm Bay 

St E St D St C St B St A Control  

- - + - - - Leukocytes infiltration 

- - - + + - Vacuolation 

+ - - ++ + - Hemorrhage 

+ + ++ - +++ - Melanomacrophage centers aggregation 

+++ - - +++ - - Necrosis 

- + ++ - ++ - Nucleus hypertrophy 

"-": no lesion; "+" mild lesion (< 25%); "++": moderate lesion (25-50%); "+++": severe lesion (> 50%) 

(Mishra and Mohanty, 2008)  

The sections of liver control shows mass of 

hepatic cells with central nucleus. The most frequent 

lesions were: leukocytes infiltration, vacuolation, 

hemorrhage, melanomacrophage centers aggregation, 

necrosis and nucleus hypertrophy. The number of 

histopathological lesions observed at A station was 

higher than other stations.  The lowest tissue lesions 

were seen at D station. Also, Sever tissue lesions was 

not found at station D in the studied samples. Mild 

lesions were observed in the liver of Otolithes ruber 

at A, B and C stations. Leukocytes infiltration was 

observed only at C station. Melanomacrophage 

centers aggregation was most common lesion that 

observed in different stations (A, B, C and D 

stations). 

4. Discussion 

Assessment of sediment pollution is one of the 

ways to environmental monitoring. Sediments are the 

main source area for accumulation of various 

pollutants, especially heavy metals, in aquatic 

ecosystems. When the metals enter the environment, 

they quickly joint to fine particles and accumulate in 

the sediments (Sadeghi et al., 2019). According to 

the results obtained in this study, the highest and 

lowest concentration of copper was in the sediments 

of station C and station B, respectively. Also, the 

highest and lowest concentration of zinc was in 

sediments of station B and station C respectively. 

Station B is near the harbor, location of boats 

anchoring, in the Pozm Bay. Repairing, refueling and 

painting the boats are major source of contamination 

inter the Pozm Bay. One of the reasons for the high 

zinc content at B station can be the presence of boats. 

The use of the sediment quality guidelines is one of 

the methods for describing the data from the 

pollutant determination, which the results are 

compared with the reference and permitted values 

(MacDonald et al., 2000). Therefore, in some 

countries, standards for pollutants have been 

provided. Sediment quality guidelines (SQGs) are 

among the most important standards (Long et al., 

1995). Concentration of copper and zinc were 

compared with SQGs standard and showed in 

Table3.  

Table 3: Comparison of Cu and Zn concentration (μg/g dry weight) in the sediments of Pozm Bay other studies. 

Sampling site Cu Zn References 

Pozm Bay 107.3- 252.5 106.5- 332.8 This study 

Karachi harbor 116.3 170 Saleem and Kazi, 1995 

Ramin harbor 99.7 203 Hamzeh et al., 2013 

Beris harbor 30.4 67 Hamzeh et al., 2013 

Veeranam, India 94.12 180 Suresh et al., 2012 

SQG 

ERL 

ERM 

   

34 150 Long et al., 1995 

270 410 Long et al., 1995 
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The copper levels were higher than effect range 

low (ERL) at all stations and lower than effect range 

median (ERM) at all stations. According to results, 

the zinc content was higher than ERL at all stations 

except C station. Also, zinc content was lower than 

ERM at all stations (Table 3). It can be concluded 

that copper and zinc can adverse effect on biological 

fauna in the Pozm Bay. Study conducted by Hamzeh 

et al., (2013), reported lower concentration of copper 

(30.4 μg/g dry weight) and zinc (67 μg/g dry weight) 

in Beris station of Oman Sea. Also, concentration of 

copper at Ramin station was lower than results of 

this study. The level of Zinc in the all stations expect 

C station of present study was higher than reported in 

Ramin station of Oman Sea (Hamzeh et al., 2013). 

Copper level in the sediment of A, C and D stations 

was found to be higher than level reported by Saleem 

and Kazi (1995). 

According to the results, accumulation of copper 

and zinc in the liver tissue of Otolithes ruber was 

recorded more than muscle tissue at all stations. 

Most previous researches reported similar results for 

bioaccumulation of heavy metals in the liver more 

than muscle tissue (e.g. El-Moselhy et al. 2014; 

Sadeghi et al., 2020). The highest and lowest 

concentration of copper in the liver of Otolithes 

ruber was related to station B and station E, 

respectively. Also, the highest and lowest 

concentration of zinc in the liver tissue was recorded 

at station D and station E. The results of 

toxicological studies of aquatic animal show that the 

entry of heavy metals into aquatic ecosystems leads 

to a decrease in biodiversity, growth, and 

reproduction in them. In the case of aquatic animals, 

in addition, to the above mentioned, it causes 

problems for consumers of contaminated aquatic 

animals (Golovanova, 2008). Heavy metals are 

naturally found at different levels of the earth and 

surface waters. If the amount of these metals are 

more than normal, due to chemical stability, poor 

degradability, and ability to accumulate in the body 

of living organisms, they become toxic pollutants 

quickly. Heavy metals are considered the most 

important form of pollution in aquatic environments. 

The biological stability of heavy metals in the food 

chain is high, and as a result of this process, their 

amount can be increased several times in the food 

chain (Yilmaz et al., 2010). The amount of copper 

and zinc in liver and muscle tissues of Otolithes 

ruber were compared with another marine species 

and presented in Table 4. The different of metal 

absorption in marine organisms depends on factors 

such as sex, size and food diet (Kalay and Canli, 

2000). 

The liver plays an important role in the process of 

detoxification and removal of toxins and metabolites 

from the body of animals as well as in 

gluconeogenesis, the synthesis and oxidation of fatty 

acids. Thus damage to the liver tissue can lead to 

severe physiological and metabolic disorders (Fanta 

et al., 2003). The structure of the liver plays an 

important role in assessing the health of the fish. 

Liver has the high sensitivity to contamination and 

susceptibility to chemical damage, and it is an 

appropriate organ in the study of the effects of 

environmental pollutant in animals (Simonato et al., 

2008). Leukocytes infiltration, Vacuolation, 

Hemorrhage, Melanomacrophage centers 

aggregation, Necrosis and Nucleus hypertrophy were 

the most frequent lesions that observed in liver tissue 

of Otolithes ruber in the Pozm Bay. 

These lesions were shown by Zaghloul et al., 

(2016) in the liver of Mugil cephalus. Also, 

Marigomez et al. (2006) reported similar lesions in 

the liver of Engraulis encrasicolus in Biscay Bay. 

Melanomacrophage centers aggregation was most 

lesion that showed in different stations. The increase 

in the number of melano-macrophage centers was 

clearly observed in the liver tissue of these fish. 

Increase of Melanomacrophage centers is one of the 

common injury in the liver of fish in contact with the 

toxins (Fanta et al., 2003).  
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Table 4: Comparison of Cu and Zn concentration (μg/g dry weight) in the liver and muscle tissues of 

Otolithes ruber in this study and other species. 

Species Tissue Cu Zn References 

Siganus sutor 
Liver 

Muscle 

40.26 

1.65 

952.02 

67.75 
Mziray et al., 2016 

Euthynnus affinis 
Liver 

Muscle 

60.92 

7.12 

515.5 

89.18 
Sadeghi et al., 2020 

Belone belone 
Liver 

Muscle 

34.3 

5.89 

23.9 

15 
Turkmen et al., 2009 

Trachurus mediterraneus 
Liver 

Muscle 

4.52 

0.77 

43.64 

4.21 
El-Moselhy et al., 2014 

Epinephelus fasciatus 
Liver 

Muscle 

40 

0.97 

64.4 

9.13 
Abu Hilal et al., 2008 

Mugil cephalus 
Liver 

Muscle 

1.08 

13.1 

6.63 

17.8 
Turkmen et al., 2011 

Otolithes ruber 
Liver 

Muscle 

11.9-86.6 

0.17-2.18 

64.6-178.9 

2.4-8.5 
This study 

 

It seems that increasing the number of 

melanomacrophage centers is involved in protecting 

the liver from harmful internal and external 

compounds. Therefore, this lesion can be a general 

or specific indicator of pollution (Giari et al., 2007). 

Vacuolation of hepatocytes is a progressive process 

that can result from disturbances in the synthesis of 

proteins, energy depletion, distribution of 

microtubules, or change in the substrate of reactions 

(Hinton and Lauren, 1990). Vaculation was showed 

in the liver tissue of Otolithes ruber at A and B 

stations. The number of histophatological lesions in 

the A station was more than other stations, which 

could indicate a longer time of exposed fish to 

contaminants. Hypertrophy of the nucleus is a form 

of nuclear change due to an increase in the size of the 

cytoplasmic vacuole and fat accumulation in 

hepatocytes, which ultimately causes pressure on the 

nucleus and displaces the nucleus of cells into one 

side of the cell. If this condition progresses, it will 

usually leads to nucleus atrophy or pyknosis (Genten 

et al., 2009). This lesions was observed in the liver 

tissue of Otolithes ruber at A, C and D stations. The 

necrosis and degradation of the liver cells structure 

in Otolithes ruber at B and E stations, clearly 

indicate the presence of contamination in the 

environment.  Effect of copper and zinc and another 

contamination could be cause destruction of cell 

membranes and thus necrosis of the liver cells.  Ortiz 

et al. (2001) reported lesions such as severe 

vacuolization, degeneration, hemorrhage and 

necrosis in relation to lipophilic factors. So that, 

these factors make changes in the structure and 

function of the cells through the passage of the 

plasma membrane of cells, especially hepatocytes. 

The result of these changes is a decrease in liver 

function in fish.  

Based on changes in the pathology of the liver 

tissue, it can be admitted that heavy metal copper 

and zinc can cause histological damage, resulting in 

biochemical damage and changes in many 

biochemical factors that require more accurate study. 

5. Conclusion 

The results of present study is the first report of 

heavy metal accumulation in sediment, muscle and 
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liver tissue of Otolithes ruber and its histology in the 

Pozm Bay. The highest mean concentration of Cu 

and Zn in the sediment were at C and B stations, 

respectively. Accumulation of copper and zinc in 

liver tissue of Otolithes ruber was recorded more 

than muscle tissues. According to results, there were 

histological lesions in the liver tissue of Otolithes 

ruber in Pozm Bay, which could indicate a longer 

time of exposed fish to contaminants. 
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