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ABSTRACT  The sea serves as a good source of food. The direct discharge of 

pollutants into aquatic environments can result in exceeded levels of heavy metals. This 

can harm the organisms and cause serious health issues when consumed by humans. 

Mugil cephalus is consumed as food, and its continuous analysis for heavy metals is 

required for food safety. Some selected metals – namely iron, copper, manganese, cobalt 

and lead – were evaluated in muscle tissues of Mugil cephalus collected from two major 

fish landing sites (i.e. Gaddani and Damb) along the Lasbela coast of Balochistan). The 

concentration of metals was determined using an atomic absorption spectrometer. For this 

purpose, several digestion methods were used to digest the meat for comparison. Using 

H2SO4, HNO3 and HClO4 was the most effective method, which is an important analytical 

finding for future researchers to consider. The concentrations of metals assumed the order 

of Fe > Cu > Pb > Mn > Co in samples from Gaddani and Fe > Cu > Mn > Pb > Co in 

samples taken from Damb. Among the metals analyzed, iron levels at Gaddani and Damb 

were found within the permissible values suggested by the World Health Organization 

(WHO), Food and Agriculture Organization (FAO), and United States Environmental 

Protection Agency (USEPA). Copper and lead levels were higher than the safe limits in 

samples from both sites. The estimated daily and weekly metals intake in an average 70 

kg person were lower than the limits proposed by the FAO and WHO for all metals. The 

overall results revealed that the selected fish species is safe for consumption and presents 

no hazardous effects on human health. However, Gaddani fish Harbor and Damb should 

be protected from the direct discharge of pollutants, and the future monitoring of M. 

cephalus fish is required to make sure the edible meat is safe for consumption. 
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1. INTRODUCTION 

          Heavy metal accumulation in 

aquatic environments is among the most 

prominent global issues (Argamino and 

Janairo 2016; Ali and Khan, 2018; 

Ugonna et al., 2020) due to their non-

biodegradability, toxicity (Saher and 

Siddiqui, 2016; Islam et al., 2018) and 

serious hazards to human health (Khemis 

et al., 2017; Ali et al., 2019). Natural and 

anthropogenic sources of heavy metals 

have gained significant global concern 

and attention from researchers in many 

developing countries (Ihedioha et al., 

2017; Ali and Khan, 2018; Odika et al., 

2020). Natural routes of heavy metal 

pollution include atmospheric pollutants, 

deposition on the surface water and soil 

erosion (Hosseini et al., 2012; Odika et 

al., 2020). Currently, seas and oceans 

receive significant amounts of heavy 

metal pollutants from various point 

(easily traced) and non-point 

(untraceable) sources. Examples of point 

sources are wastewater discharge by 

industries and metropolitan sewage 

released from domestic and urban 

regions; examples of non-point sources 

are waste products and chemicals that 

flow over land through coastal waters, 

lakes and rivers (Belabed et al., 2017; 

Odika et al., 2020). Metals’ entrance into 

fish bodies occurs via three possible 

routes: through the body surface, gills or 

digestive tracts (Ben Ameur et al., 2012). 

The concentrations of heavy metals 

(other than mercury) in the muscles of 

fish are usually lower than in other parts 

of the body. Nevertheless, it is important 

to detect metal levels in the muscles of 

fish due to its high consumption rate and 

association with health risks (Fazio et 

al., 2020; Jaric et al., 2011; Zhuang et 

al., 2013; Stancheva et al., 2013; Idriss 

and Ahmad; 2015). Some important 

elements, such as iron, copper, zinc, 

manganese and nickel, have fundamental 

roles in aquatic organisms’ lives because 

of the environmental sustainability and 

human-ecological context (Ghaderpoori 

et al., 2018; Harahap and Lubis, 2018). 

However, due to biomagnification and 
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accumulation, their biological systems 

can get affected, causing many health 

problems (Gale et al., 2004; Ali et al., 

2019). Mercury, cadmium, lead and 

arsenic are toxic, meaning they can harm 

aquatic organisms and result in potential 

carcinogenic effects (Table 1; Zhong et 

al., 2018; Rajeshkumar and Li, 2018; 

Rahman et al., 2019). 

  

          Fish are considered a great source 

of food with several health benefits. 

They are also good bioindicators because 

of their ability to uptake various trace 

metals from the aquatic environment and 

transfer them to humans (Diop et al., 

2016a; Fazio et al., 2020). Mugil 

cephalus (commonly referred to as the 

flathead mullet, striped mullet or sea 

mullet) is a fish that inhabits marine, 

freshwater and intertidal estuarine 

environments worldwide (Nelson, 2006; 

Whitfield et al., 2012; Diop et al., 

2016a). Mugil cephalus is a pelagic fish 

that usually lives in shallow water and 

enters estuaries and lagoons. 

Mullets belong to the family Muglidae, 

consisting of 18 genera and 81 species. 

About three genera and 12 species of 

mullets have been found in Pakistan 

(Bianchi, 1985), and eight species of this 

family have been found along the 

Karachi coast alone (Fehmida, 2002). 

Mullets are often used in aquaculture due 

to their consumption rate. They are the 

dominant landing fish along the Pakistan 

coast (Zubia et al., 2015). M. cephalus is 

generally considered to be highly 

susceptible to metal accumulation, 

mainly due to their long gut length, their 

uptake of metals via different routes in 

water columns and their ingestion of 

large amounts of organic matter, sand 

and mud from the sediments (Whitfield 

et al., 2012; Stancheva et al., 2013; 

Khemis et al., 2017; Peycheva et al., 

2019; Ihunwo et al., 2020). In addition, 

the uptake of metals in the organisms 

that inhabit the benthic area is usually 

high (Yilmaz, 2009; Stancheva et al., 

2013).

Table 1: Metals with maximum safe health limits, sources and adverse effects. 

 Metals WHO limits 

(WHO, 1989) 

Sources Adverse effects on fish 

and Human 

Zinc 40 µg/g Weathering of rocks, 

industrial and domestic 

water wastes, soil 

erosion, die castings 

metals, mining and 

metal smelters 

activities, alloy, rubber 

and paints activities 

(Adeyeye, 1996; Wanna 

and Okieimen, 2011; 

Bowen et al., 2006; 

Bhagure and Mirgane, 

2010). 

Hypoxia, immobile fins 

and restless swimming 

in fishes (Vosyliena and 

Jankaita, 2006; Olaifa et 

al., 1998; Kori and 

Ubogu, 2008). 

Loss of appetite, 

anemia, vomiting, 

nausea, stomach cramps, 

immunological 

abnormalities and 

respiratory disorders in 

human 

Copper 30 µg/g Industrial discharges, 

municipal sewage, use 

of fertilizers and 

Affects the sensory 

organs in fishes 

(Sandahl et al., 2007) 
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pesticides in agriculture 

(Eisler, 1998a). 

Anemia, hypertension, 

pathological changes in 

brain tissues of human 

(Kudesia, 1990; 

Bhagure and Mirgane, 

2010; Wuana and 

Okieimen, 2011). 

Manganese 0.50 µg/kg Wate water discharge, 

mining and emission of 

minerals from alloy 

Neurological damage, 

cerebral dysfunction 

(Reilly, 2002). 

Chromium 0.15 µg/kg Discharge from 

electroplating, textile 

industries (Hardy et al., 

2008; Lenntech, 2010; 

Asio, 2009; Bhagure 

and Mirgane, 2010; 

Anemia, eosinophilia 

and lymphocytosis, 

bronchial and renal 

lesion and gills damage 

in fishes. 

Kidney destruction, 

allergic disease, nose 

irritation and nose 

bleeds, respiratory tract 

cancer, gastrointestinal 

tract bleeding and lung 

cancer in human 

(Adelekan and 

Abegunde, 2011; 

Bhagure and Mirgane, 

2010; Karadede et al., 

2004; Dayan and Paine, 

2001). 

Lead 2 µg/kg Soil erosion, gasoline 

combustion (DWAF, 

1996) and 

anthropogenic activities 

(WHO, 1985), such as 

combustion and 

emission of petroleum 

fuels from automobile, 

household plumbing, 

burning of fossil fuel 

and mining (Edwaed et 

al., 2013; Muzyed, 

2011; Juberg, 2000). 

Damage the liver, 

kidney and spleen, 

causing spinal defects 

and death in fishes 

(Davies and Everhart, 

1973; Haider, 1964). 

Lower IQ level and it is 

responsible for 

hyperactivity in 

children, loss of 

memory, anorexia, 

nausea, anemia, failure 

of reproduction, 

intestinal cramps, 

weakness of joints and 

miscarriages in pregnant 

women (Wuana and 

Okieimen, 2011; Asio, 

2009; Hardy et al., 2008; 

Umar et al., 2001; 

Adelekan and 

Abegunde, 2011). 
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Recently, a lot of work has been 

published on the levels of heavy metals 

in fish samples from Pakistani coasts. 

Fish samples from Keti Bandar showed 

higher arsenic levels than samples from 

other locations due to industrial 

discharge (specifically, a significant 

amount of arsenic pollutant entered the 

area via the Indus River; Khattak et 

al.,2013). A study performed by Ahmed 

et al. (2014) in Gwadar, Balochistan, 

showed that the amounts of iron, 

manganese, lead and copper were higher 

in fish livers than in their muscle tissues; 

also, the concentrations of these metals 

remained the same throughout the year. 

The concentrations of zinc, lead, 

manganese, copper, chromium and 

mercury were high in the muscular 

tissues of Mugil cephalus from the 

Machilipatnam coast, causing concern 

about the health risks associated with its 

consumption (Krishna et al.,2014). 

An assessment of metal 

concentrations in grey mullet fish from 

various hydro systems and sediments in 

the Gulf of Annaba (North Africa) was 

carried out. This study showed 

dangerous levels of zinc, lead and 

cadmium accumulation in the tissues of 

Mugil cephalus and revealed that regular 

monitoring of heavy metals is required 

(Ouali et al., 2018). Another recent work 

on metal concentrations in different 

tissues of Mugil cephalus (Grey mullet) 

fish from Italy was carried out, as this 

species is a good indicator of 

environmental and coastal water quality 

(Fazio et al., 2020). 

             Previous metal detection studies 

in Mugil cephalus samples collected 

from different parts of the world have 

been done, but no work has reported 

heavy metal measurements in Mugil 

cephalus collected from Balochistan, 

Pakistan, especially from the Lasbela 

coast. In this paper, we present the 

amounts of iron, manganese, copper, 

cobalt and lead in the muscles of M. 

cephalus collected from the Lasbela 

coast of Balochistan, Pakistan. We have 

also compared the recorded 

concentrations with the recommended 

safe edible standards of USEPA and 

FAO/WHO to assure that health risks are 

manageable, as M. cephalus is one of the 

most highly consumed fish along the 

Lasbela coast due to its high availability 

and moderate cost.  
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Figure 1.1: District Lasbela map (the red arrows point to the study sites. (source: google maps). 

 

2.2. Sample collection and 

identification 

 

               About 50 samples of Mugil 

cephalus (Linnaeus, 1758) were 

collected from two different fish landing 

sites (i.e. Gaddani and Damb; twenty-

five from each site) from March to 

December. The fish samples were 

immediately placed in an icebox in order 

to keep them fresh. Fish samples were 

identified using the FAO’s species 

identification sheets (Bianchi, 1985) and 

stored at 20 ℃ for further processing.  

 

2.3 Chemicals 

               Nitric acid (HNO3), perchloric 

acid (HClO4), hydrochloric acid (HCl) 

and sulfuric acid (H2SO4) were supplied 

by Merck, Germany. 

2.4. Drying and Digestion of samples 

               Fish samples were dissected to 

obtain fish muscles. Samples were dried 

in an oven (ESCO Isotherm, 5277) at 

105 ℃ for three hours and then placed at 

room temperature for 24 hours for proper 

drying (Mwangi, 2013; Malik et al., 

2016; Adebayo, 2017). The dried 

samples were then weighed using an 

electric weighing balance (Sartorius, 

CP324S) and crushed into fine powders 

using a pestle and mortar. Three 

digestion methods were performed to 

find the best method for muscle tissue 

digestion of M. cephalus fish: HNO3 and 

HCl (Method 1), HNO3 and HClO4 
(Method 2) and H2SO4, HNO3 and 

HClO4 (Method 3). Details about these 

methods are given in the supplementary 

information.  
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Figure 2.1: Process of fish muscle drying: Step I: dissected meat, step II: oven drying, 

step III: weighing the dried meat, step IV: crushing the dried meat into powder. 

Figure 2.2: Process of sample digestion and filtration: Step I: digestion in acids, step II: 

digested sample, step III: dilution, step IV: filtration. 
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2.5 Analysis of metals in fish samples 

Standard solutions (5 ppm, 10 

ppm, 15ppm and 20ppm) of targeted 

metals to be detected were freshly 

prepared by diluting1000 mg/L of stock 

solutions (supplied by Merck, 

Germany) for calibration. The targeted 

metals (i.e. iron, manganese, copper, 

cobalt and lead) in muscle samples were 

detected using an atomic absorption 

spectrometer (Thermo-S4 AA). 
 

2.6 Statistical analysis 

 

               In this study, Student’s t-test 

was applied to test the equality of mean 

metal concentrations of the samples 

collected from the Gaddani and Damb 

areas using SPSS version 16.0. 

 

3. RESULTS AND DISCUSSIONS 

   Digestion methods for fish. All 

digestion methods that we experimented 

on worked well, but digestion method 3, 

which uses H2SO4, HNO3 and HClO4 (as 

discussed in SI), was the best and fastest. 

Figures 3.1 and 3.2 summarize the mean 

concentrations of targeted metals in the 

samples taken from both sites. Detailed 

results are summarized in Table 3.1. 
 

           The concentrations of iron and 

copper were the highest among all 

metals, with significant differences 

(p<0.05), followed by lead and 

manganese. Cobalt had the lowest mean 

concentration at both sites, though its 

differences from the next-lowest 

concentrations were not significant 

(p>0.05). A detailed t-test table is given 

in the supplementary information. A 

comparison of the results with the 

relevant literature is also provided in 

Table 3.2.  

Iron levels in the muscles of fish 

taken from Gaddani and Damb were 

94.43 µg/g ± 1.68 and 83.29 µg/g ± 1.49 

(dry weight), respectively. These 

concentrations are lower than reported 

by Prasath and Khan (i.e. 529 µg/g) in 

fish collected from Poompuhar, India, 

which neighbours Pakistan. They are 

also several times higher than the iron 

concentrations reported by Canli and 

Atli (38.71 µg/g dry weight), who 

collected samples from the 

Mediterranean Sea (Table 3.2; Canli and 

Atli, 2003; Prasath and Khan, 2008; 

WHO, 1989; FAO, 1983).  

As far as the edible fitness of fish 

is concerned (specifically regarding the 

levels of iron), the mean values of Fe do 

not exceed the recommended safe edible 

limits set by the WHO and FAO (i.e. 100 

µg/g), suggesting that these fish are safe 

for human consumption. However, the 

maximum values of Fe recorded in 

samples from Gaddani (110.8 µg/g) and 

Damb (92.30 µg/g) exceed and are close 

to the limit, respectively (Table 3.1). 

 



Malaysian Journal Of Science 41(1): 54-75 (February 2022)  

62 
 

 

Figure 3.1: Mean concentrations of metals with standard error bars from Gaddani. 

 

 

Figure 3.2: Mean concentrations of metals with standard error bars from Damb. 

          Manganese is an essential micro-

nutrient and the 12th most common metal 

usually found in water (about 1000 ppm; 

i.e. 0.1%), which comes from the Earth’s 

crust (Emsley, 2001). It is also an 

important metal for bone and skin cell 

formation. However, excessive amounts 

can have harmful effects. The 

manganese level measured in Gaddani 

samples was 5.22 µg/g ± 0.14, while in 

the Damb site, it was 5.43 µg/g ± 0.17. 

These results are very concerning, as the 

safe standard is 5.4 µg/g according to the 

FAO and WHO (FAO and WHO, 1984; 

Hisham, 2015). The Mg concentration in 

this study’s samples is lower than the 

values reported by Prasath and Khan 

(samples from Poompuhar, India) and 

higher than the values reported by 
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Hisham and Tawfik et al. (Hisham, 

2015; Tawfik et al.,2013).   

          Copper can last for 7000-8000 

years because of its wide availability 

(Schroeder et al., 1966). It is necessary 

for the production of hemoglobin in 

humans and the development of animals 

and plants (Wuana and Okieimen, 2011). 

However, it becomes toxic when its 

concentration exceeds the required limit. 

Copper concentrations from the samples 

taken from Gaddani and Damb were 

25.06 ± 0.68 µg/g and 35.83 ± 0.45 µg/g, 

respectively. The Damb site showed 

higher copper levels, which exceeded the 

permissible limit set by the WHO (1989) 

and FAO (1983). These concentrations 

are higher than reported by Tawfik et al. 

and lower than obtained by Prasath and 

Khan, Hisham and Ahmed et al. (Tawfik 

et al., ibid; Prasath and Khan, ibid; 

Hisham, ibid; Ahmed et al.,2015).  

 

Table 3.1: Concentrations of selected metals (µg/g dry weight) in edible tissues of M. 

cephalus fish from Gaddani and Damb with mean±SD and SEM. 

 

S/No. 

 

Metals 

 

Sample 

size 

 

Minimum 

 

Maximum 

 

Mean 

 

Std.Deviation 

 

SEM 

1 Fe 25 
73.38 110.80 94.4300 8.41290 1.68258 

2 Mn 25 
4 6.8 5.2234 0.73870 0.14774 

3 Cu 25 
19.70 29.24 25.0642 3.42027 0.68405 

4 Co 25 
0.33 0.63 0.4788 0.07721 0.01544 

5 Pb 25 
4.19 6.86 5.7760 0.63753 0.12751 
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Table 3.2: Comparison of metals in muscle tissues of Mugil cephalus fish (µg/g dry 

weight) in the present study and other studies (NP = number of samples not presented in 

the paper, ND = metal not detected). 

S. 

No 

No. of  M. 

cephalus 

samples 

Location                                Metals References 

    Fe  Mn Cu Co P b 

 

 

1 

 

20 Mediterranean Sea 38.71 ND 4.41 ND 5.32 

  

Canli and 

Atli, (2003) 

2 NP Manzala Lake, 

Egypt 

 

ND ND 5.68 ND 2.98 

 

Bahnasawy 

et al., (2009) 

3 36 Lake Macquarie, 

Australia 

 

ND ND 3.6 ND ND 

 

Kirby et al., 

(2001) 

4 NP Poompuhar coast, 

India  

a) Pre tsunami 

 

b) Post tsunami 

a) 

479.

0 

18.43 14.4 0.001 ND 

 

b) 

529.1

3 

25.48 20.48 0.00

3 

ND 

 

 

 

 

Prasath and 

Khan,  

(2008) 

5 NP Gaza fishing 

harbor 

 

ND 0.9

0 

13.

15 

0.68 1.82 

 

Hisham, 

(2015) 

6 NP Riyadh market, 

Saudi Arabia 

 

ND 0.11 0.76 ND 0.002 

 

Twafik et 

al., (2013) 
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7 12 East Barbice-

Corentyne, Guyana 

 

0.152 0.278 1.206 ND 0.058 

 

Sivakumar 

et al., (2015) 

 

8 56 Uppanar River, 

India 

a) dry season 

 

 

b) wet season 

 

 

a) 

ND 26.269 0.181 ND 0.189 

b) 

ND 10.12 0.127 ND 0.098 

 

Usha and 

Reddy, 

(2013) 

9 76 Tuzla lagoon, 

Turkey 

 

11.2 ND 0.62 ND 1.19 

 

Dural et al., 

(2007) 

10 70 Koycegiz lagoon, 

Turkey 

 

ND ND 29.901 ND 0.626 

 

Genc and 

Yilmaz, 

(2018) 

11 50 Lasbela coast 

a) Gaddani 

b) Damb 

a) 

94.4 5.22 25.1 0.478 5.77 

b) 

83.3 5.43 35.83 0.485 4.62 

 

Present 

study 

12  

WHO, 1989 

    

   100 5.4 30 _   0.5-0.6 

 

  

(WHO, 

1989)   

13  

FAO, 1983 

 

100 _ 30 _ 0.5 

 

  

(FAO, 

1983) 

14     



Malaysian Journal Of Science 41(1): 54-75 (February 2022)  

66 
 

USEPA, 

1998 

0.5 0.02 2.25 _ 0.11 

 

(USEPA, 

1998) 

15  

WHO, 1996 

 

_ _ 30 _ 2 

 

 Cited in 

(Ikema 

and 

Egieborb, 

2005) 

 

Lead is an extremely toxic heavy 

metal and is greatly accumulated in 

sediments. Consequently, due to 

mullets’ ingestion of sand and mud from 

sediments, lead uptake in these fish is 

relatively high (Eustace, 1974; 

Campbell, 1994). Lead values from the 

study sites were 5.77 ± 0.12µg/g and 

4.61 ± 0.11 µg/g, both of which exceed 

the values recommended by the WHO 

(1989), FAO (1983) and USEPA (1998) 

(i.e. 2 µg/g, 0.5-0.6 µg/g and 0.11µg/g, 

respectively). The nearest lead 

concentrations in fish (5.32 µg/g) were 

found in the Mediterranean Sea by Canli 

and Atli. Zehra et al. (2003) reported a 

lead concentration of 0.5 µg/g in the 

muscles of Dandya fish from Gaddani, 

which is much lower than the value 

observed in the present study. The 

element’s exposure levels in fish tissues 

are highly dependent on the selection of 

species because of their diets, 

behaviours, modes of life and time 

exposure to metals (Canli et al., 1993; 

Zehra et al., 2003; Chen et al., 1999; 

Yilmaz, 2005). 

Finally, the cobalt levels in 

samples from Gaddani were 0.47 ± 0.01 

µg/g, while in samples from Damb, the 

concentration was 0.48 ± 0.01 µg/g. 

These values are lower than that 

detected by Hisham (2015) and higher 

than that found by Prasath and Khan 

(2008). The cobalt concentrations in the 

muscles of fish were substantially lower 

than any of the other metals analyzed in 

this study. The influx of these metals 

from both sites occurred because of 

rising pollution levels and shipbreaking 

activities in Gaddani (Khattak et al., 

(2013).  

 

3.1. Estimated health risks on a 

daily and weekly intake basis. 

Daily and weekly metal intakes were 

calculated from Gaddani and Damb site 

samples to compare the fish 

consumption rates with the daily and 

weekly safe intakes set by FAO and 

WHO (1994, 2004, 2006). The daily 

provisional tolerable metal intake (in 

µg/day/70 kg person) and weekly intake 

(in µg/week/70 kg person) are shown in 

Table 3.3 (70 kg is considered the 

weight of the average person).  
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Table 3.3: Estimated daily and weekly intake of metals (µg/g) from M. cephalus fish 

muscle samples for a person weighing 70 kg 

S/No. Metals PTDIa PTWIb 

 

EDIc 

Gaddani, Damb 

EWId 

Gaddani, Damb 

1 Fe 56000 392000 (472), (416.5) (3304), (2915.5) 

2 Mn 9800 68600 (26.1), (27.15) (182.7), (190.1) 

3 Cu 35000 245000 (125.5), (179.15) (878.5),(1254.1) 

4 Co     _       _ (2.5), (2.7) (17.5), (18.9) 

5 Pb 250 1750 (28.85), (23.1) (201.9), (161.7) 

 

aPTWI (Permissible tolerable weekly intake in µg/week/70 kg person) (FAO/WHO, 

1994, 2004, 2006; Turkemen et al., 2009). 

bPTDI (Provisional tolerable daily intake in µg/day/70 kg person) (FAO/WHO, 1994, 

2004, 2006; Turkemen et al., 2009). 

cEDI (Estimated daily intake of metals in µg/day/70 kg person) (Calculated from the 

present study). 

dEWI (Estimated weekly intake of metals in µg/week/70 kg person) (Calculated from the 

present study). 

According to the FAO (2010), 

the average fish consumption rate per 70 

kg person in Pakistan is 5 g/person/day 

and 35 g/person/week (Waseem, 2007; 

Chughtai and Mehmood, 2012; Ahmed 

et al., 2016). The estimated daily intake 

and weekly intake of metals were 

calculated using the following formula: 

EDI = Mean concentration of metal in 

edible parts (µg/g) × average daily fish 

consumption (g) / body weight (70 kg) 

EWI = Mean concentration of metal 

(µg/g) × average weekly fish 

consumption (g) / body weight (70 Kg) 

(as cited in Agusa et al., 2007; Ikem and 

Egiebor, 2005). 

Excluding lead and copper, the 

concentrations of all metals in the 

muscles of fishes collected from both 

sites along the Lasbela coast (Gaddani 

and Damb Harbor) were lower than the 

limits given by FAO and WHO (1994, 

2004, 2006). This result suggests that the 

fish from both sites are safe for human 

consumption. When the daily and 

weekly estimated intakes of metals 

through the targeted fish were calculated 

and compared with the tolerable limits 

set by the FAO and WHO, the amounts 

were noticeably lower than the limits. 

This further suggests that these fish are 

safe for consumption. The estimated 

daily intakes of copper, manganese and 
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lead were higher in the present study 

than the intakes estimated by Elnabris 

concerning M. cephalus from Gaza, 

Palestine, but lower than the daily and 

weekly values estimated by Zaqoot 

(Elnabris et al., 2013; Zaqoot et al., 

2017). 

4. CONCLUSION 

 

We employed different digestion 

methods for metal detection in Mugil 

cephalus and found that the method 

using H2SO4, HNO3 and HClO4 was the 

best (i.e. most reliable and fastest) and 

gave the maximum recovery of the 

metals to be detected. The levels of 

metals obtained in this study (from both 

sites) are within the acceptable limits 

(with the exceptions of lead and copper). 

Lead levels were much higher than the 

limits suggested by the WHO (1989), 

FAO (1983) and USEPA (1998). In 

order to avoid increases in the metal 

concentrations in the edible tissues of M. 

cephalus (and other commercially 

important fish species) from both sites, 

future monitoring of these metals is 

recommended. 

Gaddani Fish Harbor and Damb 

Bandar should be protected from the 

direct discharge of pollutants into the 

beach water. The health risk assessment 

based on daily and weekly fish 

consumption was lower than suggested 

by the FAO and WHO (1994, 2004, 

2006). Thus, it is concluded that these 

fish are safe to eat without any hazardous 

health effects. Nevertheless, the 

continuous monitoring of the edible 

fitness of these fish by future researchers 

is recommended.  
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