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ABSTRACT 
The samples of fish, Megalaspis cordyla (Linnaeus) collected in Pre-monsoon (January to May), Monsoon (June to 

August) and Post-monsoon (September to December) seasons of 2010 from coastal waters of Karachi were measured 

for their size and heavy metals (Fe, Mn, Cd, Pb and Cr) in their muscles, liver, kidneys and gills were analyzed. The 

fish samples studied varied little in size - from 3.39 to 4.65% in length and 10.13 to 10.75% in weight. It was obvious 

from three-way ANOVA that different metals accumulated in different concentrations in the fish (F = 365.57, p < 

0.0001), the concentration of metals was significantly influenced by the seasonal variation (F = 15.81, p < 0.0001) and 

also significantly varied with the organ type of the fish (F = 614.02, p < 0.0001). Seasons, organs and metal types, all 

interacted significantly (F = 10.85, p < 0.001). Fe was the predominant metal amongst all and was found to be 

significantly high in concentration than that of the other metals. The concentration of other metals (Mn, Cd, Pb and Cr) 

didn’t differ significantly from each other. Metals accumulated predominantly in liver. Muscles, kidneys and gills were 

not significantly different from each other in metals contents. Heavy metal contents of local M. cordyla were compared 

with the published reports on M. cordyla from South and Southeast Asian countries.  
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INTRODUCTION 

Fishes form an excellent source of digestible proteins, vitamins, minerals and polyunsaturated fatty acids 

(Daviglus et al., 2002) but are also the source of heavy metals. Some of the metals found in the fish might be 

fundamental as they play vital role in biological system of the fish as well as in human beings but some of them may 

however, be toxic and may cause serious damage to the human health if present in excess to the permitted limits. 

The common heavy metals that are found in fish may include Cu, Fe, Zn, Ni, Mn, Hg, Pb, Cd, etc. from Pakistan 

waters or elsewhere (Connell, 1984, Rizvi et al., 1988; Tariq et al., 1991, 1998; Nair et al., 1997; Zehra et al., 2003; 

Agusa et al., 2005, 2007; Dalman et al., 2006; Naidu et al., 2008; Tabinda et al., 2010; Kumar et al., 2012; 

Shivakumar et al., 2014; El-Moselhy et al., 2014). Ambedkar and Muniyan (2011) found Cr in maximum 

concentration followed by Cd > Cu > Pb > Zn in the fishes of Vellar River, Tamil Nadu (India) including 

Megalaspis cordyla and four other fishes caught during January to June, 2010. It has been recognized for many 

years that the concentrations of metals found in coastal areas, whether they are in the dissolved or particulate phase 

are derived from a variety of anthropogenic and natural sources (Burridge et al., 1999). The major part of the 

anthropogenic metal load in the sea and sea bed sediments and organisms has a terrestrial source from mining and 

intensive aquaculture and municipal wastewaters, untreated effluents, harbor activities, urban and agricultural runoff 

along major rivers and estuaries and bays. Heavy metals have the tendency to accumulate in various organs of 

marine organisms, especially fish, which in turn may enter into the human metabolism through consumption causing 

serious health hazards (Puel et al., 1987). Iron, copper, zinc and manganese are essential (physiological) metals 

while, mercury, lead and cadmium are xenobiotic toxic metals (Kennish, 1992). 

Megalaspis cordyla (Linnaeus, 1758) syn. Scomber cordyla Linnaeus 1758 is a migratory pelagic fish abundant 

in inshore water of continental shelf and also in offshore oceanic waters. It is commonly known by various names 

Torpedo scad, finny scad, cordyla scad, hardtail scad, fin-letted mackerel, torpedo trevally, etc. It is broadly 

distributed throughout Western Indian Ocean and elsewhere in the Western Pacific Ocean from Japan to Australia. 

In Pakistan, it is commonly called Kauwa Machh (Ahmad et al., 2013). M. cordyla inhabits water up to 60m depth 

(Quddus and Shafi, 1983) or 20-100m depth (hppp”//www.fishwise.co.za/……). It is fast swimmer and predator 

species which feeds mainly on smaller fishes (13.23%), cephalopods (8.73%) and crustaceans (4.20%) – fish being 

the main item preferred (Jadhav and Mohite, 2013).  It measures around 30-40 cm (maximally 80 cm) in length. It is 

economically important and its large catches are reported from Thailand, and Malaysia (Fischer and Bianchi, 1984).  

It is exploited as by-catch or incidental catches in gillnet, bottom trawl and shrimp trawl in Pakistan (Ahmad et al., 

2013). The main aim of the present work was to determine the concentration of heavy metals (Fe, Mn, Pb, Cd, and 
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Cr) in muscles, liver, kidney and gills of this species collected from Karachi waters (Northern Arabian Sea) during 

January 2010 - December 2010.  

  

MATERIAL AND METHODS 

Samples of fish Megalaspis cordyla were collected in Pre-monsoon (January to May), Monsoon (June to 

August) and Post-monsoon (September to December) seasons from coastal water of Karachi (Latitude: 24°50'49.56" 

and Longitude: 66°59'8.16") (Fig. 1A and B). The length (L) of the fish was measured from the tip of the mouth to 

the caudal fin (cm). Fish weight was measured after drying with a piece of clean towel. Total length (TL) and body 

weight (W) were measured with fresh samples to the nearest 0.1 cm and 0.01 g, respectively. Samples were 

collected for the analysis of heavy metals. Fishes were dissected using steel Scissors and scalpels to remove 

approximately 5 g dorsal muscles, entire liver, 2 rakers of gills and entire kidneys. They were washed with deionized 

water and weighed after blotting excess surface water. Samples were ground and calcinated at 500
o
C for 3 hours 

until it turned to white or grey ash and reweighed. 

The ashes were dissolved with 0.1 M HCl according to the method of (Gutierrez et al., 1978). The ashes were 

dissolved in 10 ml (HCl) in beaker and after which the dissolved ash residue was filtered with Whatman filter paper. 

One ml filtered solution was diluted with 25 ml distilled water for elemental analyses. The standards were prepared 

from 1000 ppm stock solution to 2 ppm, 4 ppm, 6 ppm, etc. Elemental analysis was made with atomic absorption 

spectrophotometer (Analyst 700) in the Centralized laboratories of University of Karachi. The concentration of 

metals was expressed as μg per g dry weight. The data was analyzed with SPSS version 12.  

The contents of selected heavy metals in Karachi seawater are presented in Table 1.    
 

 
 

Figure 1A: Coastal area of Karachi – fish collection area in North Arabian Sea. 

 

 
 

Figure 1B.  An individual of Megalaspis cordyla from Karachi Coast, Pakistan. Source: Hamid Badar Osmany. 

(hamid61612002@yahoo.com)  www.fishbase.us /photos 
 

RESULTS AND DISCUSSION 

Thirty six fish samples of marketable-sized Megalaspis cordyla were collected from Karachi fish harbour 

during (Pre-monsoon, Monsoon, Post-monsoon) season in (January 2010-December 2010). The fish samples studied 

for metallic contents varied little in size - from 3.39 to 4.65% in length and 10.13 to 10.75% in weight. The length 

(25.47 ± 0.34cm) and weight (160.2 ± 4.59 g) were found to be the highest in Monsoon season and the lowest length 

(22.67 ± 0.2277cm) and weight (114.9 ± 3.63 g) were measured in Post-monsoon season. There was direct 

relationship between length and weight (Table 2).  

Comparing the concentrations of metals in various parts of the fish with that of the seawater (Table 1) it is clear 

that multi-fold bioaccumulation of metals has taken place in fish at different rates in different organs. The 

accumulation is also the function of seasonality.  

Fish collection zone 
Cape 

Monze Karachi Fish Harbour 

           Korangi Creek         

           Bundal Island 

   NORTH ARABIAN SEA 
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The heavy metal concentration (Fe, Mn, Pb, Cd and Cr) were measured in Muscles, Liver, Kidney and Gills of 

the fish M. cordyla during pre-monsoon, monsoon and post-monsoon seasons (Table 3, 4 and 5). The highest level 

of Fe (553.61 + 28.29 µg/g) concentration was recorded in liver during monsoon season. Also the maximum mean 

concentrations of Mn (11.84 + 0.97 µg/g), Pb (2.17 + 0.23 µg/g), Cd (2.43 ± 0.51 µg/g), and Cr (2.62 + 0.23 µg/g) 

were measured in liver, kidney and gills, respectively during Post-monsoon season. 
 

Table 1. Contents of heavy metals in sediments and Seawater of Karachi in ppm. 
 

Location Fe Mn Cd Pb Cr Reference 

Karachi mangroves * - - 0.064 ± 0.16 0.77 ± 

0.16 

-  

Ismaili et al 
(2014) 

Miani Hor - - 0.057 0.04 - 

Keti Bunder to Giddani **** 0.531 ± 0.11** 
(35.9 ± 27.9) *** 

0.302 ± 
0.154 

(N= 13) 

0.0133 ± 0.003 
(N = 11) 

0.159 ± 
0.0046 

(N = 13) 

0.885 ± 
0.472  

(N =12) 

 

Mumtaz (2002) 

Standard unpolluted Seawater 0.0034 0.0004 0.00011 0.00003 0.0002 Turekian (1968) 

*, mean of six sites; **, mean excluding Bin Qasim sample (312 ppm) and Giddani sample (148 ppm) - heavily Fe-

polluted sites; ***, Mean including Port Qasim and Giddani sites; ****, mean for thirteen 13 sites calculated from 

the data of Mumtaz (2002).  

 

Table 2. Mean length and weight of Megalaspis cordyla collected from Coastal water of Karachi.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3. Mean concentration of heavy metals in various organs of Megalaspis during Pre-monsoon season. N = 12. 

 
 

Organs 

Fe (µg/g) 

(Mean ± SE) 

Mn (µg/g) 

(Mean ± SE) 

Pb (µg/g) 

(Mean ± SE) 

Cd (µg/g) 

(Mean ± SE) 

Cr (µg/g) 

(Mean ± SE) 

Muscles 

Liver 

Kidney 

Gills 

37.10 ± 5.21 

298.76 ±25.16 

21.12 ± 3.21 

27.37± 3.70 

2.73 ± 0.36 

7.38 ± 0.52 

3.82 ± 0.58 

6.21± 0.62 

0.22 ± 0.06 

1.52 ± 0.33 

1.47 ± 0.19 

1.27± 0.15 

0.51± 0.09 

1.64 ± 0.20 

1.58 ± 0.18 

1.48 ± 0.25 

0.17± 0.04 

1.77± 0.21 

1.57± 0.53 

1.72 ± 0.23 

 

 

Table 4. Mean concentration of heavy metals in various organs of Megalaspis during monsoon season. N = 12. 
 

 

Organs 

Fe (µg/g) 

(Mean  ± SE) 

Mn (µg/g) 

(Mean ± SE) 

Pb (µg/g) 

(Mean ± SE) 

Cd (µg/g) 

(Mean ± SE) 

Cr (µg/g) 

(Mean ± SE) 

Muscles 

Liver 

Kidney 

Gills 

48.398 ± 7.79 

553.61 ± 28.29 

40.48 ± 5.717 

38.49 ± 5.56 

2.47±.37 

7.54 ± 0.52 

4.17± 0.66 

2.92 ± 0.59 

0.51± 0.09 

1.89 ± 0.20 

1.47± 0.19 

1.68 ±  0.19 

0.54 ± 0.06 

1.72 ± 0.25 

1.48 ± 0.15 

1.64 ± 0.13 

0.46 ± 0.09 

1.82 ± 0.28 

1.41 ± 0.12 

0.39 ± 0.16 

 

 

 

Seasons 

 

N 

Length (cm) 

(Mean ± SE) 

CV (%) 

(Length) 

Weight (g) 

(Mean ± SE 

CV (%) 

(Weight) 

 

Pre-monsoon 

Monsoon 

Post-monsoon 

 

12 

12 

12 

 

23.83 ± 0.44 

25.47 ± 0.34 

22.67 ± 0.22 

 

4.64 

4.65 

3.39 

 

 

138.5 ± 5.63 

160.2 ± 4.594 

114.9 ± 3.63 

 

14.13 

10.23 

10.75 

 

Linear Length-Weight Relationship  (N = 36) 

W = -233.6001 + 15.4865 L ± 5.743 

t = -15.40             t = 24.54 

p < 0.0001            p < 0.0001 

r = 0.9729, r 2 = 0.9466,   Adj. r 2 = 0.9449;  F = 602.06 (p < 0.0001) 
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Table 5. Mean concentration of heavy metals in various organs of Megalaspis during Post-monsoon season (N = 12) 
 

Organs Fe (µg/g) 

(Mean ± SE) 

Mn (µg/g) 

(Mean ± SE) 

Pb (µg/g) 

(Mean ± SE) 

Cd (µg/g) 

(Mean ± SE) 

Cr (µg/g) 

(Mean ± SE) 

Muscles 

Liver 

Kidney 

Gills 

38.20  ± 7.219 

473.46 ± 28.24 

32.92  ± 4.420 

27.79 ± 4.10 

2.29  ± 0.50 

11.84 ± 0.92 

2.01 ± 0.20 

4.07 ±  0.60 

0.4 9 ± 0.06 

1.44 ± 0.20 

2.17 ± 0.23 

2.16 ± 0.22 

0.29 ± 0.06 

2.23 ± 0.31 

2.36 ± 0.13 

2.43 ± 0.15 

0.26 ± 0.06 

2.11 ± 0.19 

2.62 ± 0.23 

1.88 ± 0.16 
 

Table 6: Mean concentration of heavy metals in various organs of Megalaspis (data of all seasons pooled).  
 

Organs Fe (µg/g) 

(Mean ± SE) 

Mn (µg/g) 

(Mean ± SE) 

Pb (µg/g) 

(Mean ± SE) 

Cd (µg/g) 

(Mean ± SE) 

Cr (µg/g) 

(Mean ± SE) 

Muscles 

Liver 

Kidney 

Gills 

41.23 ± 3.92 a * 

441.94 ± 27.17 b 

31.59 ±2.89 b 

31.22 ±2.70 b 

2.50 ± 0.23 a 

8.92 ± 0.52 b 

3.31 ± 0.33 c 

4.40 ± 0.41 c 

0.41 ± 0.04 a 

1.61 ± 0.14 a 

1.71 ± 0.12 a 

1.70 ± 0.12 b 

0.44 ± 0.04 a 

1.86 ± 0.14 a 

1.80 ± 0.11 a 

1.89 ± 0.12 b 

0.29 ± 0.04 a 

1.90 ± 0.14 a 

1.87 ± 0.13  b 

1.33 ± 0.15 c 

F (p) 8.39 (P < 0.0001) 54.9(p < 0.0001) 30.6 (p < 0.0001) 37.9 (p < 0.0001) 38.5 (p < 0.0001) 

LSD 0.05 290.5069 1.0803 0.3209 0.3159 0.3380 

*, Figures provided with similar letter are not significantly different as given by Duncan multiple range test at  

    p < 0.05. N = 36.  
 

Table 7. ANOVA for heavy metals data in various organs of fish Megalaspis cordyla captured in 

various seasons from the coastal water of Karachi.  
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Fig.2. Comparison of seasonal values of liver: muscle ratio of heavy metals in M. cordyla captured from 

Karachi waters, Pakistan.  
 

The lowest mean concentration of Fe was recoded to be 21.67 ± 3.21µg /g in kidney and that of  Pb 0.22 ± 0.06 

µg/g and Cr 0.17± 0.04 µg/g) in muscles were during Pre-monsoon season (Table 3).  Also Mn (2.01 ± 0.20 µg/g) 

Source SS df MS F p 

Seasons 26736.396 2 13368.19 15.81 0.0001 

organs 2076829.78 4 519207.45 614.02 0.0001 

Metals 927347.41 3 309115.80 365.57 0.0001 

Seasons x Metals 108439.16 8 13554.89 16.03 0.0001 

Seasons x Organs 56718.79 6 9453.13 11.18 0.0001 

Metals x Organs 3554994.97 12 296249.58 350.35 0.0001 

Seasons x organs x  metals 220155.0 24 9173.13 10.85 0.0001 

Error 558084.99 660 845.58 - - 

Total 7529306.51 719 - - - 

Metals Organs Seasons 

Rank Metals Mean Rank Organs Mean Rank Seasons Mean 

1 Fe 136.47 a 1 Liver 91.25 a 1 Monsoon 35.65 a 

2 Mn 4.78 b  2 Muscles 8.98  b 2 Post-Monsoon 30.65 a 

3 Cd 1.49 b 3 Kidney 8.09 b 3 Pre-Monsoon 20.97 b 

4 Pb 1.36 b 4 Gills 8.04 b  

LSD0.05: 5.212 5 Cr 1.35 b  

LSD0.05: 6.019 LSD0.05:  6.73 
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and Cd (0.29 ± 0.06 µg/g) were determined to be the lowest in muscles during Post-monsoon season (Table 5). 

Irrespective of the seasons (data for various seasons pooled), the mean concentration of metals of M. cordyla in 

present studies are presented in Table 6. Following trends of metal concentrations were approximated the metals 

concentration in various organs: 
 

Muscles:  Fe > Mn > Cd ≈ Pb > Cr 

Liver:      Fe > Mn > Cr ≈ Cd ≈ Pb 

Kidney:   Fe > Mn > Cr ≈ Cd ≈ Pb 

Gills:       Fe > Mn > Cd > Pb > Cr 

   Table 8. Heavy metals contents in M. cordyla reported from various Asian countries. Values in μg .g
-1

 dry weight 

(mean ± SD). 

 

An order of heavy metals concentrations (Fe > Zn > Cu > Mn > As > Hg > Cd) with Fe being the predominant metal 

in the fishes of Northeast coast of India has also been reported by Kumar et al. (2012). Shivakumar et al (2014) have 

also given Fe- dominated metallic accumulation sequences in some Indian fishes as follows: 
Etrophus maculates:   Fe > Zn > Cu > Pb > Ni > Cd 

Cirrhinus reba:           Fe > Cu > Zn > Pb > Ni > Cd 

Ompok bimaculatus:   Fe > Zn > Cu > Pb > Ni > Cd 
 

 

 

It is obvious from three-way ANOVA (Table 7) that different metals accumulated in different concentrations in 

the fish (F = 365.57, p < 0.0001), the concentration of metals was significantly influenced by the seasonal variation 

(F = 15.81, p < 0.0001) and also significantly varied with the organ type of the fish (F = 614.02, p < 0.0001). 

Seasons, organs and metals type, all interacted significantly (F = 10.85, p < 0.001). Fe was the dominant metal 

amongst all and was found to be significantly high in concentration than that of the other metals. The concentration 

of other metals (Mn, Cd, Pb and Cr) didn’t differ significantly from each other. Metals accumulated predominantly 

in liver. Muscles, kidneys and gills were not significantly difference from each other in metals content. The metals 

concentration varied significantly with seasons. It was maximum in monsoon season and minimum on pre-monsoon 

season. The concentration of metals in fish organs are determined primarily by the level of pollution in their 

environment, in water and food (Farkas et al., 2003). The concentration in muscles and gills reflect the 

concentrations of metals in the water (Fathi et al., 2013). The maximum mean concentrations of heavy metals were 

found in liver in all seasons. Liver has also been reported to be the target organ for Cu, Zn and Fe accumulation by 

El-Moselhy et al., 2014). Pb and Mn were found in higher concentration in the gills by El-Moselhy et al. (2014). 

Highly increased concentrations of metals in general and iron in particular in liver may represent storage of 

sequestrated products in this organ (Hamilton and Mehrle, 1986). Iron is physiologically (reversibly) stored in liver 

as ferritin and hemosiderin (Ahmad, J, < www.fda.gov.ph/...annex% 20J%20....>). Ferritin has the capacity of about 

4500 iron (III) ions per protein molecule. This is the major form of iron storage (< http://library.med.utah.edu/ 

NetBiochem/hi.htm>). The metallic accumulation may depend on seasonal variations also (Deram et al., 2006). 
 

 

# 
 

Species (Organ) 
 

Fe 
 

Mn 
 

Pb 
 

Cd 
 

Cr 
Reference & 

Locality 
1.  

M. cordyla             Gills     

                             Liver 
                          Muscle 

 

- 

- 
- 

 

- 

- 
- 

 

0.14 ± 0.01 

0.62 ± 0.04 
0.13 ± 0.01 

 

0.12 ± 0.01 

6.14 ± 0.20 
0.13 ± 0.01 

 

- 

- 
- 

 

Fadi et al. (2013) 

Mersing, 
Malaysia. 

Mersing Malaysia) 

2.   
M. cordyla            Gills 

                    Alim. Canal 

                          Muscle  

 
347.82 ± 0.22 

833.3 ± 178.0 

362.32 ± 70.0 

 
17.75 ± 2.11 

2.73 ±  0.50 

1.36 ±  0.22 

 

- 

- 

- 
 

 

- 
- 

- 

 

 

- 
- 

- 

 
Nair et al. (1997) 

Cochin, India 

3.   

M. cordyla         Muscle 

 

- 

 

- 

 

0.70 ±  0.40 

 

1.10 ± 0.49 

 

1.28 ± 0.69 

Ambedkar & 

Muniyan (2011) 

Tamil Nadu, India 

4.   
M. cordyla          Muscle 

                           Liver 

                           Kidney 
                           Gills 

                            

 
41.23 ± 23.54 

439.17 ± 161.7 

31.51 ± 17.34 
31.12 ± 16.11 

 
2.49 ± 1.38 

8.92 ± 3.09 

3.31 ± 1.99 
4.40 ± 2.46 

 
0.41 ± 0.28 

1.62 ± 0.87 

1.72 ± 0.74 
1.71 ± 0.73 

 
0.45 ± 0.26 

1.86 ± 0.87 

1.81 ± 0.68 
1.84 ± 0.75 

 
0.32 ± 0.27 

1.90 ± 0.79 

1.90 ± 0.80 
1.33 ± 0.88 

 
Present Study – 

Karachi Coast, 

Pakistan 

Agusa et al. (2007) have presented data on 20 metals of several species for fish including M. cordyla from Southeastern 

countries. Their data expressed as geometric mean present problem of comparison. 

http://www.fda.gov.ph/...annex%25
http://library.med.utah.edu/%20NetBiochem/hi.htm
http://library.med.utah.edu/%20NetBiochem/hi.htm
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It is evident from Table 8 that Cr in muscles of our samples was lower in concentration than that of M. cordyla 

samples of Tamil Nadu (India) (Ambedkar and Muniyan, 2011). Cd contents were larger in concentration in all 

organs of our samples (0.45 - 1.86 μg/g) except in the liver which was higher in Mersing samples (6.14 ± 0.20 μg/g) 

of Malaysia. Our samples had higher Pb contents than Malaysian M. cordyla (Fadi et al., 2013). Our samples had 

higher Mn concentration than that of Cochin (India) except gills wherein it was 7.13 times higher in Indian 

specimens (Nair et al., 1997). Fe content was also quite higher in Cochin samples of M. cordyla as compared to that 

of our samples. This pattern of variation obviously should be due to differential degree of metallic pollution of 

various waters of the above countries. M. cordyla from Vile Parle market of Mumbai contained Mn 0.254, Fe 16.82, 

Pb 0.036, and Cd 0.007 ppm. Similar to our samples Fe was the dominant element in Vile Parle M. cordyla (Zodape 

et al., 2011).   

The liver / muscles ratio of metals varied seasonally and were always higher than one – maximally around 10-

12 in case of Fe, 4-10 in case of Cr, 2.5 to 4.5 for Mn, 3-7 for Pb and ≤ 4 to 8 in case of Cd. . The ratios for Fe, Mn 

and Cd were the maximum in post-monsoon season and those for Pb and Cr were the maximum in pre-monsoon 

season (Fig. 2). Agusa et al. (2007) have reported Cd to be 100 times in Southeast Asian fishes.  Such ratios for Mn, 

Pb and Cr were reported by them to be 7.9, 6.3 and 3.16, respectively. Such ratios obviously depend on not only 

metallic concentrations in water but also on intrinsic metabolic characteristics related to their bioaccumulation in 

various organs. Our ratios for metals other than Cd are roughly comparable to that of Agusa et al. (2007).   

Muscles which are the edible part of the fish showed the lowest level of concentration throughout this study. El-

Moselhy et al. (2014) have also reported muscles of the fish to possess the lowest concentration of metals.  The 

authors have reported quite varying concentrations of various heavy metals in fishes as a function of the species or 

the pollution of their environment. The metallic concentration amongst fishes of Cochin (India) varied from species 

to species. Cu, Zn, Fe and Mn showed increased concentration in gills and alimentary canal as compared to the 

muscles. The difference in heavy metal concentrations in various species were attributed to their varying feeding 

habit (Nair et al., 1997).  According to the studies of Nair et al. (1997) Fe was dominant element which was 362.32 

± 70 in muscles, 347.82 ± 88.4 in gills and maximally 833.33 ± 178 μg /g dry weights in alimentary canal in M. 

cordyla of Cochin..  Mn was, however much higher in concentration in gills (17.75 ± 2.11 μg /g dry weight) and 

comparatively quite lower in alimentary canal and muscles (2.73 ± 0.50 and 1.36 ± 0.22μg/g dry weight, 

respectively.  ShivaKumar et al. (2014) also showed relatively higher accumulation of metals in intestine and gills. 

Tuzen (2003) reported Pb levels in the fish of Black Sea in the range of 0.22-0.85 mg/kg and Uluozlu et al., (2007) 

reported lead in the fish edible tissue in the range of 0.33 – 0.93 mg/kg. Dicentrarchus labrax, a fish of Güllük Bay 

(Aegean Sea, Turkey) was found to contain Pb (< 0.0042 – 0.4 mg/kg and Cd (0.01-0.04 mg/kg) – to be within 

permissible limit (Dalman et al., 2006). Zehra et al. (2003) reported Cd (0.04-0.15 μg / g) and Pb (0.25-0.5 μg / g) in 

Acanthopagurus berda from Balochistan coast.  

Fish has been considered good indicators for heavy metal contamination in aquatic systems because they 

occupy elevated trophic levels with different sizes and ages (Burger et al., 2002). Meanwhile, fish are widely 

consumed in many parts of the world by humans, and polluted fish may endanger human health. The levels of toxic 

elements in fish are related to age, sex, season and habitat (Kagi and Schaffer, 1998). The ingestion of food is an 

obvious means of exposure to metals, not only because many metals are natural components of food stuffs, but also 

environmental contamination and contamination during processing (Voegborlo et al., 1999). The distribution of 

metals varies between fish species, depending on age, development status and other physiological factors (Kagi and 

Schaffer, 1998). Industrial and agricultural activities have been reported to be the leading potential source of the 

accumulation of pollutants in the aquatic environment including the sea (Tarra-Wahlberg et al., 2001; Akif et al., 

2002). Various organs of the fish, to an extent, are protected from heavy metals by their chelation in 

metallothioneins (MTs), a family of low molecular weight cysteine-rich proteins localized in Golgi apparatus 

membrane. Metallothioneins have capacity of binding physiological metals (Zn, Cu Se) and xenobiotic (Cd, Hg, As, 

Ag) metals through thiol group (Daryaonsu and Ismail, 2014; Sigel et al., 2009). High exposure to Cd is found to 

increase MTs proportionally in fishes (Huang et al., 2007). Seveikova et al. (2013), however, demonstrated no 

influence of Hg on MTs level in fish from Skalka and Želika reservoirs.   

Some heavy metals are health damaging elements. Pb is known to induce reduced cognitive development and 

intellectual retardation in children and increase blood pressure and cardiovascular disease in adults (Commission of 

the European; 2002). It may cause learning disabilities, impaired protein and hemoglobin synthesis and shorten the 

lifespan of red blood cells which leads to severe anemia (hypochromic microcytic anemia) in children (Sultana and 

Rao, 1998). The most common toxic effects of cadmium in human is renal failure, accumulation in the bone 

resulting in calcium loss and malfunctioning of peripheral and central nervous system (Schroeder, 1965, Castro-

Gonzalez and Méndez-Armenta 2008). Cd proves to be a risk factor for lung disease, kidney dysfunction, skeletal 

damage and reproductive deficiency (Nordberg, 2003). Fish consumption may be toxic to humans if fish is 
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contaminated with heavy metals beyond permissible limits and it consumed excessively. Per capita fish consumption 

per year in Pakistan is the lowest in the World (c 2 kg per capita per year or 5.48g per capita per day (Government of 

Pakistan, Agric. Statistics, MINFAL, Islamabad (seen in Waseem, 2007) which is much lower than that of global 

estimate of 17 kg per capita per year and very much lower than that in southeast Asia (170 g per capita per day in 

Malaysia (Agusa et al., 2007). Toxicity due to heavy metals by eating torpedo scad is, therefore, quite unlikely in 

general terms, in Pakistan but there remains great likelihood of heavy metal toxicity in Pakistan’s populations due to 

heavy pollution of all kinds in the country. There is a great need to investigate heavy metals load in all kinds of 

fishes or Sea food consumed locally or exported elsewhere. 

 
 

REFERENCES  

 
Agusa, T., T. Kunito, A. Sudaryanto, I. Monirith, S. Kin-Atireklap, H. Iwata, A. Ismail, J. Sanguansin, M. Mochtar, T.S. Tana 

and S. Tanabe (2007). Exposure assessment for trace elements from consumption of marine fish in Southeast Asia. Environ. 

Pollut. 145: 766-777.  

Agusa, T., T. kunito, G. Yasunaga, H. Iwata, A. Subramanian, A. Ismail and S. Tanaba (2005). Concentration of trace elements 

in marine fish and its risk assessment in Malaysia. Mar. pollut. Bull. 51: 896-911.  

Ahmad, N.I., M.F.M. Noh, WRW Mohiyuddin, I. Ishak, W.N.F.W Azmi, Y. Vebo and H. Hairi (2014). Murcury level of marine 

fish commonly consumed in Peninsular Malaysia. Environ. Sci. Pollut. Res. (DOI: 10.1007/2Fb11356-014-3538-8).  

Ahmad, Q., S. Tabassum, F. Yousuf and m. Türkman (2013). Length-weight relationship and seasonal distribution of Megalaspis 

cordyla (Linnaeus, 1758), fish size frequency variation from Karachi coast. Keradeniz Fen m teri dergisi/ The Black Sea 

Journal of Sci. 3(9): 115-123.  

Akif, M., Khan, A. R., Sok, K., Min, K. S., Hussain, Z. and Maal-Abrar, M. 2002. Textile effluents and their contribution 

towards aquatic pollution in the Kabul River (Pakistan). Journal of Chemical Society of Pakistan 24(2): 106-111. 

Ambedkar, G. and M. Muniyan (2011). Accumulation of metals in the five commercially important fishes available in Vellar 

River, Tamil Nadu, India. Arch. Appl. Sci. Res. 3(3): 261-264.  

Burger J., Gaines KF., Boring CS., Stephens WL., Snodgrass J., Dixon C., McMahon M., Shukla S., Shukla T., Gochfeld M. 

(2002). Metal levels in fish from the Savannah River potential hazards to fish and other receptors. Environmental Research, 

89: 85–97. 

Burridge, L. E., Doe, K., Haya, K., Jackman, P. M., Lindsoy, G., & Zitko, V. (1999). Chemical analyses and toxicity tests on 

sediments under Salmon Net Pens in the Bay of Fundy. Canadian Technical Report of Fisheries and Aquatic Sciences, 2291, 

39. 

Castro-Gonzalez, M. I. and M. Méndez-Armenta (2008) "Heavy metals: Implications associated to fish consumption." 

Environmental Toxicology and Pharmacology 26(3): 263-271. Connell, J. J. 1984. Control of fish quality. London: Fishing 

News Books Ltd. 

Commission of the European communities (2001), Commission regulation (EC) No. 221/ 2002 of 6 February 2002 amending 

regulation (EC) No. 466/2002 setting maximum levels for certain contaminants in foodstuffs. Off. J. Eur. Commun. 

Brussels, 6 February 2002. 

Connell, J. J. 1984. Control of fish quality. London: Fishing News Books Ltd. 

Dalman, Ö., A. Demirak and A. Balci (2006). Determination of heavy metals (Cd, Pb) and trace elements (Cu, Zn) in sediments 

and fish of the Southeastern Aegean Sea (Turkey) by atomic absorption Spectroscopy/ Food Chem. 95: 157-162.  

Daryaonsu, K. and A. Ismail (2014). Metallothionein like protein bioaccumulation in Java Medaka fish ((Orozias javanicus) 

exposed to different concentrations of cadmium. (Assessed on Oct. 2014), [email: aismail@science.upm.edu.my] . Dept. 

Biol., University Putra Malaysia 43400, UPM, Selangor, Malaysia.  

Daviglus, M. J. Sheeshka, E. Murkin (2002). Health benefits from eating fish. Comments Toxicol. 8: 345-275.  

Deram A., F.O. Denayer, D. Patit and C. Van Haluwyn (2006). Bioaccumulation of some heavy metals in different tissues of 

Dicentrarchus labrax L. 1758, Sparus aurata L. 1758 and Mugil cephalus L. 1758 from the Camllk lagoon of the Eastern 

coast of Mediterranean (Turkey). Environ. Monit. Assess. 118: 65-74. 

El-Moselhy, Kh. M., A.I. Othman, H. Abd El-Azam, M.E.A.  El-Metwally (2014). Bioaccumulation of heavy metals in some 

tissues of fish in the Red Sea, Egypt. Egypt. J. Basic & Appl. Sci. 1: 97-105. 

FAO (2010). International fish trade and World fisheries. (http://www. fao.org/fileadmin/user_upload /newsroom /doc/) 

Farkas, A., J. Salanki and A. Specziar (2003). Age- and size specific patterns of heavy metals in their organs of fresh water fish 

Abramis brama L. populating a low-contaminated site. Water Res. 37: 959-964.  

Fathi, H.B., M.S. Othman, A.G. Mazlan, A. Arshad, S.M.N. Amin and K.D. Simon (2013). Trace metals in muscle, liver and gill 

tissues of marine fishes from Mersing, Eastern coast of peninsular Malaysia: concentration and assessment of human health 

risk. Asian J. Animal & Veterinary Adv. 8(2): 227-236.  

Fisher, W. and G. Bianchi (1984). FAO. Species identification sheets for fishery purposes, Western Indian Ocean (Fishery area 

51). By support of DANIDA (Danish Intern. Dev. Agency), Rome, FAO U19, Vol. I-6: Pag. Var. Fishbase: ICLARM.  

Gutierrez, M., Stablier, R.E. and Arias, A.M. (1978). Accumulation y effectos histpatologicos del Cd yel Hg en el pez sapo 

(Halobatrachus didactylus). Investigaciones Pesqueras, 42:141-154. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Gaines%20KF%5BAuthor%5D&cauthor=true&cauthor_uid=12051789
http://www.ncbi.nlm.nih.gov/pubmed?term=Boring%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=12051789
http://www.ncbi.nlm.nih.gov/pubmed?term=Stephens%20WL%5BAuthor%5D&cauthor=true&cauthor_uid=12051789
http://www.ncbi.nlm.nih.gov/pubmed?term=Snodgrass%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12051789
http://www.ncbi.nlm.nih.gov/pubmed?term=Dixon%20C%5BAuthor%5D&cauthor=true&cauthor_uid=12051789
http://www.ncbi.nlm.nih.gov/pubmed?term=McMahon%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12051789
http://www.ncbi.nlm.nih.gov/pubmed?term=Shukla%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12051789
http://www.ncbi.nlm.nih.gov/pubmed?term=Shukla%20T%5BAuthor%5D&cauthor=true&cauthor_uid=12051789
http://www.ncbi.nlm.nih.gov/pubmed?term=Gochfeld%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12051789
http://www/


524  Q. AHMED ET AL., 

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOTECHNOLOGY 11 (4): 517-524, 2014. 

Hamilton, S.J. and P.M Mehrle (1986). Metallothionein in fish: Review of its Importance in assessing stress from metal 

contaminants. Trans. Am. Fish. Soc. 1115: 596-609.  

Huang, Z.Y., Q. Zhang, J, Chen, Z.X. Zhuang and X. R. Wang (2007). Bioaccumulation of metals and induction of 

metallothioneins in selected tissues of common carp (Cyprinus carpio). Appl. Organometal. Chem. 21: 101-107.   

Ishak, O.I., P. Karatape and M. Özçelik (2012). Heavy metal levels in some fish species sold at retail in Elazig. F.O. Sag. Bil. 

Vet. Derg. 26(2): 99-103.  

Ismaili, S., S.M. Saifullah and S.H. Khan (2014). Bio-geochemical studies of Indus delta mangrove ecosystem. Pak. J. Bot. 

46(4): 1277-1285.  

Jadhav, T.D. and S.A. Mohite (2013). Feeding biology of horse mackerel Megalaspis cordyla (Linnaeus, 1758) off Ratnagiri 

coast, Maharashtra. Asian J. Mar. Sci. 1(1): 1-6.  

Kagi, J. H., & Schaffer, A. (1998). Biochemistry of metallothionein. Biochemistry, 27, 8509– 8515. 

Kennish, M. J. 1992. Ecology of Estuaries: Anthropogenic effects. Boca Raton, USA: CRC Press. 

Kumar, B., K.S. Sajwan and D.P. Mukherjee (2012). Determination of heavy metals in valuable coastal fishes from Northeast 

coast of India. Turk. J. Fisheries & Aquat. Sci. 12:81-88.  

Mumtaz, M. (2002). Geochemical studies of heavy metals in the Seawater along Karachi Makran coast. Ph.D. Thesis, Dept. 

Chemistry, Univ. Karachi. 434 pp.  

Naidu, V.A., L. M. Rao and K. Ramaneswari (2008). Occurrence of heavy metals in the edible tissue of Megalaspis cordyla of 

the coastal waters of Visakapatnam, AP, India. Asian Fisheries Sci. 1: 13-19.  

Nair, M., K.K. Balacharan, N. Shankaranarayan and T. Joseph (1997). Heavy metals in fishes from coastal waters of Cochin, 

Southwest Coast of India. Int. J. Mar. Sci. 26: 98-100.  

Nordberg, G. (2003). The ChinaCad group. Cadmium and Human Health. A perspective based on recent studies in China. J. 

Trace Elem. Med. 16(4): 307=319.  

Puel, D., Zsuerger, N. and Breittmayer, J. P. 1987. Statistical assessment of a sampling pattern for evaluation of changes in Hg 

and Zn concentration in Patella coerulea. Bulletin of Environmental Contamination and Toxicology 38(4): 700–706. 

Quddus, M.M.A. and M. Shafi. (1983). Bangopasagars Matsya Sampad. (In Bangali). Bangla Academy, Dhaka, Bangladesh. P. 

259-260. 

Rizvi, N.S.H., M. Saleem and J. Baquer (1988). Steel mill effluents influence on the Bakran Creek environment. Proc. Int. Conf. 

Marine Sci. of the Arabian Sea. 549-569.  

Schroeder, H. A. (1965). "Cadmium as a factor in hypertension." Journal of Chronic Diseases. 18(7): 647-678. 

Seveikova, M., H. Modera, K. Kruzikova, O. Zilka, D. Hynek, V. Adam, O. Celechovska, R. Kizek and Z. Svobodova (2013). 

Effect of metals on metallothionein content in fish from Skalka and Zelivka reservoirs. Int. J. Electrochem. Sci. 8: 1650-

1663.  

ShivaKumar, C.K., B. Thippeswamy, M.V. TejaswiKumar and S.M. Prashanthakumar (2014). Bioaccumulation of heavy metals 

and its effect on organs of edible fishes located in Bhandra River, Karnatka. Int. J. Res. Fisheries & Aquacult. 4(2): 90-98.  

Sigel, C., H. Sigel and R.K.O. Sigel (2009). Metallothionein and related chelators. Metal Ions in Life science. Cambridge: RSDC 

Publ. p 120-132.  

Sultana, R. and D. P. Rao (1998) "Bioaccumulation patterns of zinc, copper, lead, and cadmium in grey mullet, Mugil cephalus 

(L.), from harbour waters of Visakapatnam, India." Bulletin of environmental contamination and toxicology 60(6): 949-955. 

Tabinda, A.B., M. Hussain, I. Ahmed and A. Yasar (2010). Accumulation of toxic and essential trace metals in fish and prawns 

from Keti Bunder, Thatta District, Sindh. Pak. J. Zool. 42 (5): 631-638.  

Tariq, J., M. Jaffar and M. Moazzam (1991). Concentration correlations between major cations and heavy metals in fish from the 

Arabian Sea. Mar. pollut. Bulletin.  22(11): 562-565. 

Tariq, J., M. Ashraf, M. Jaffar and K, Masud. (1998). Selected trace metal concentration in seven fish species from the Arabian 

Sea. J. Chem. Soc. Pak. 20(4): 249-251.   

Tarra-Wahlberg, N. H., Flachierm, A., Lane, S. N. and O. Sangfors (2001). Environmental impacts and metal exposure of aquatic 

ecosystems in rivers contaminated by small scale gold mining: The Puyango River Basin, Southern Ecuador. Science of the 

Total Environment 278(1-3): 239-261. 

Turekian, K.K. (1968). Oceans. Prentice-Hall.  

Tuzen, M. (2003). Determination of heavy metals in fish samples of the middle Black Sea (Turkey) by graphite furnace atomic 

absorption Spectrophotometry. Food Chem. 80: 119-173.  

Uluozlu, D., M. Tuzen, d. Mendil and M. Soylak (2007). Trace metal contents in nine species of fish from Black and Aegean 

Seas, Turkey. Food Chem. 104: 835-840.  

Voegborlo, R. B., A. M. El-Methnani, et al. (1999). "Mercury, cadmium and lead content of canned tuna fish." Food Chemistry 

67(4): 341-345. 

Waseem, M.P. (2007). Issues, growth and instability of Inland fresh production in Sindh (Pakistan): Spatial -temporal analysis. 

Pak. Econo. & Soc. Rev. 45(2): 203-230.  

Zahra, I., T. Kausar, E. Zaheer and I.I. Naqvi (2003). Determination of Cu. Cd, Pb and Zn concentration in edible marine fish 

Acanthopagurus berda (Dandya) along Balochistan Coast. Int. J. Agric. & Biol. 5(1): 80-82.  

Zodape, G.V., V.L. Dhawan, R.R. Wagh and A.S. Sawant (2011). Contamination of heavy metals in sea-food marketed from 

Vile Parle and Dadar markets of suburban areas of Mumbai (West coast of India). Int. J. Environ. Sci. 1(6): 177-185.  

 

(Accepted for publication October 2014) 


