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1. Introduction

   Fishes are excellent sources of digestible proteins, vitamins, 

minerals and polyunsaturated fatty acids[1], but also the sources 

of heavy metals. Some of the metals found in the fish might be 

fundamental as they play a vital role in biological system of the fish 

as well as of human beings; some of them may, however, be toxic 

and cause serious damage to the human health if the present amount 

exceeds 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[2-14]. 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[15]. Fe, Cu, Zn and Mn 

are essential (physiological) metals.

   The marine organisms accumulate contaminants such as metals 

from the environment and have been extensively used in marine 

pollution monitoring programmes[16,17]. These metals accumulate 

in fish from water, food, sediment and some suspended particulate 

materials[7]. In many countries, industrial wastes, geochemical 

structure and mining of metals create a potential source of heavy 

metals pollution in the aquatic environment due to their toxicity and 

accumulation. Under certain environmental conditions, these heavy 

metals might accumulate up to a toxic concentration and cause 

ecological damage[18].

   On the other hand, industrial and agricultural activities also 

were reported to be the largest contributor to the accumulation of 

pollutants in the aquatics including seawater[19].

   Balochistan is the least populated province in Pakistan. It 
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comprises nearly 70% of the total coastline, which extends from 

Hub River to the Iranian border. Balochistan lies between 24°55' N 

and 32°04' N and 61° E and 70°15' E and is the biggest province of 

Pakistan in term of area that more then 50% of the area is covered by 

high dry mountain and hills[20].

   The objective of this study is to determine heavy metal (Fe, Cu, 

Zn, Pb and Cd) concentration in Sardinella sindensis (Day, 1878) (S. 

sindensis) from October 2005-September 2006.

2. Materials and methods

   Samples of S. sindensis were collected among seasons (at autumn 

inter monsoon, north east monsoon, spring inter monsoon and 

south west monsoon) from Balochistan coast. After collection, fish 

samples were immediately transported to the laboratory, thawed 

and rinsed in distilled water to remove foreign particles. Fresh 

length (cm) and weight (g) were measured. Fish were tagged for 

identification and then frozen until time for analysis. After biometric 

measurements, approximately 2 g of the epaxial muscle on the 

dorsal surface of the fish from each sample was dissected and 

washed with distilled water, then dried in filter paper, weighted, 

packed in polyethylene bags and kept at -20 °C until analysis. 

AAnalyst 700 atomic absorption spectrophotometer was used in 

the present study in Centralized Science Laboratory, University of 

Karachi. The absorption wavelengths (λ) used for the determination 

of various metals are as follows: Fe: 248.30 nm; Cu: 324.70 nm; Zn: 

213.90 nm, Pb: 217.00 nm and Cd: 228.80 nm. Due to the lack of a 

reference standard material, accuracy of the analysis and the effect of 

the matrices in the media were controlled with the standard addition 

method. All studied elements were tested with standard addition 

method in 3 randomly selected samples. The samples taken from 

the muscle tissues were dried first and cut into pieces as small as 

possible. About 3-20 mg portions were taken from the dried samples, 

placed into teflon cylindrical vessels and digested with 3 mL of 

H2O2/HNO3 (1:2, v/v) at 250 °C. The organic part was discarded and 

the remaining part was diluted with demineralized water to 50 mL in 

a graduated flask[21]. 

   All heavy metals concentrations within muscle tissues in S. 

sindensis among seasons were determined by Mann-Witney U-test 

and Kruskal-Wallis analysis of variance. The results were evaluated 

statistically significant at P < 0.05. The elements which were 

common in the muscle tissue of S. sindensis were assessed by means 

of Pearson’s correlation coefficients. Data collection and statistical 

calculations were performed by SPSS version 18 software.

3. Results 

   Length and weight (min-max) of the fish was 15-25 cm and 33-

68 g. The metal (Fe, Cu, Zn, Pb and Cd) contents in S. sindensis 

in different seasons were given in Table 1. Average metal 

concentrations are also given in Table 1.

   In this study, the highest Fe content was 33.34 µg/g in muscle 

while the lowest was 7.78 µg/g in muscle. The highest Cu content 

was 9.78 µg/g in muscle while the lowest was 0.32 µg/g in muscle. 

It was found that the highest Cd content was 1.02 µg/g in muscle 

and the lowest was 0.01 µg/g in muscle. The highest Zn content 

was 12.40 µg/g in muscle and the lowest was 1.08 µg/g in muscle. 

Minimum and maximum values of Pb were 0.01 and 0.87 µg/g in 

muscle, respectively (Table 1).

   Accumulation of metals in muscles was observed in the following 

order of Fe > Zn > Cu > Cd > Pb. Respectively, accumulation of 

metals in muscles at autumn inter monsoon, north east monsoon, 

spring inter monsoon and south west monsoon was observed to 

follow the order of Fe > Zn > Cu > Cd > Pb, Fe > Zn > Cu > Cd > 

Pb, Fe > Zn > Cu > Cd > Pb and Fe > Zn > Cu > Pb > Cd (Table 1).

Table 1 
In different seasons, heavy metal concentrations in S. sindensis (µg/g).

Seasons  Fe Cu Zn Pb Cd
Autumn 
inter 
monsoon

Minimum 12.44 1.22   1.08 0.10 0.02
Maximum 23.66 4.98   6.60 0.12 0.40
Mean 16.09 2.21   4.23 0.03 0.18
SEM   3.78 1.32   1.80 0.03 0.13

North east 
monsoon

Minimum 12.33 0.32   1.22 0.06 0.01
Maximum 27.90 2.98   6.73 0.23 0.67
Mean 16.67 1.68   3.54 0.13 0.22
SEM   4.16 0.84   1.68 0.05 0.19

Spring 
inter 
monsoon

Minimum   8.34 1.07   2.12 0.01 0.07
Maximum 28.98 5.56   8.08 0.44 0.60
Mean 17.90 3.65   4.00 0.22 0.26
SEM   6.16 1.33   2.04 0.13 0.20

South 
west 
monsoon

Minimum   7.78 1.07   2.18 0.16 0.07
Maximum 33.44 9.78 12.40 0.87 1.02
Mean 16.86 4.41   5.39 0.52 0.46
SEM   7.91 2.54   3.26 0.23 0.34

All 
Seasons

Minimum   7.78 0.32   1.08 0.01 0.01
Maximum 33.34 9.78 12.40 0.87 1.02
Mean 16.88 2.74   4.29 0.24 0.29
SEM   5.60 1.89   2.31 0.24 0.25

   Accumulation of Fe in muscles in different seasons decreased in 

the order: spring inter monsoon > south west monsoon > north east 

monsoon > autumn inter monsoon. Accumulation of Cu metals in 

muscles was observed to follow the decreasing order of south west 

monsoon, spring inter monsoon, autumn inter monsoon and north 

east monsoon. Accumulation of Cd and Pb metals in muscles was 

observed to follow the decreasing order of south west monsoon, 

spring inter monsoon, north east monsoon and autumn inter 

monsoon (Table 1). 

   Trace metal concentrations in fish tissues in other studies and 

guidelines were given in Table 2. Pearson correlation coefficients 

between metal concentrations in the muscle tissues of S. sindensis 

were given in Table 3.

   The heavy metal accumulation in muscles of S. sindensis was 

found to be less than the nationally and internationally stipulated 

values and posed no serious health risk (Table 4).



Quratulan Ahmed et al./Journal of Coastal Life Medicine 2015; 3(5): 337-340 339

Table 3 

Pearson correlation coefficients between metal concentrations in the muscle 

tissues of S. sindensis.

Metal Fe Cu Zn Pb Cd
Fe  1.000
Cu -0.073 1.000
Zn  0.149 0.159  1.000
Pb  0.147   0.436**  0.049 1.000
Cd  0.131 0.134 -0.030  0.353* 1.000

**: P < 0.01; *: P < 0.05.

Table 4 

The estimated daily and weekly intakes for the economically important fish 

species consumed by adults in Pakistan.

Metal PTWI PTWIb PTDI S. sindensis EWI (EDI)
Fe 5 600a 336 000 48 000 557.04 (79.58)
Cu 3 500a 210 000 30 000   90.42 (12.92)
Zn 7 000a 420 000 60 000 141.57 (20.22)
Pb 25a 1 500 214.29   7.92 (1.13)
Cd 7a 420 60.00   9.57 (1.37)

PTWI: Provisional permissible tolerable weekly intake (g/week/kg body 

weight); a: PTWI stipulated by FAO/WHO[31]; b: PTWI for 60 kg adult 

person (g/week/60 kg body weight); PTDI: Permissible tolerable daily intake 

(g/day/60 kg body weight); EWI: Estimated weekly intake (g/week/60 kg 

body weight); EDI: Estimated daily intake (g/day/60 kg body weight).

Mean weekly fish consumption in Pakistan  is 33 g per person[32].

4. Discussion

   Accumulation of Fe in fish was reported as 0.00-75.83 mg/kg; Cu 
was reported as 0.00-11.30 mg/kg; Zn values were reported as 1.22-
45.60 mg/kg; Pb values were reported as 0.000-2.970 mg/kg; Cd 
values were reported 0.03-3.11 mg/kg respectively at literature[11-22].
   In this study, Fe accumulation in muscle is higher than that 
reported by Khoshnood et al[26], and Kaladharan et al[25], and lower 
than the reported data from other studies[11,12,22,23]. Cu accumulation 
in muscle is lower than the data reported by Biswas et al[22]. Cd 
value is lower than the reported data from some studies[12,27,28], 
but higher than the data reported by Bashir et al. and Khoshnood et 
al[24,26]. Zn values are lower than reported data from some studies 
by other researchers[12,22-25,27,28], while Zn values are higher than 

reported data from research done by Tabinda et al[11]. Pb values are 
lower than reported data from some literature[22,25,27], but higher 
than reported data by Khoshnood et al. and Rejomon et al[26,28].
   Differences (P > 0.05) in Cu accumulation were observed at north 
east monsoon and south west monsoon. No differences (P > 0.05) 
in Pb accumulation were observed between north east monsoon and 
spring inter monsoon.
   Respectively, there is no difference (P > 0.05) between the seasons 
in accumulation of Fe, Cd and Zn. Differences (P < 0.05) between 
Pb and Cu accumulation were observed at north east monsoon and 
south west monsoon. Differences (P < 0.05) in Pb accumulation 
were observed at all seasons except for north east monsoon as 
well as spring inter monsoon. In the present study, there is no high 
correlation between the metals. Pb showed a weak correlation 
between Cu and Cd. There are correlations between Cu and Pb (r = 
0.436), Pb and Cd (r = 0.353). The other correlations between metals 
were not significant. There are positive correlations between Fe and 
Zn, Fe and Pb, Fe and Cd, Cu and Zn, Cu and Pb, Cu and Cd, Zn 
and Pb, Pb and Cd. Negative correlations were found between Fe 
and Cu, Zn and Cd.
   To evaluate the health risk of heavy metals in marine fish to 
Pakistan people, daily intake of heavy metals was estimated on the 
basis of the concentrations of Fe, Cu, Zn, Pb and Cd in muscles of 
daily taken fish. The average daily fish consumption in Pakistan is 33 
g per person[32]. The heavy metal accumulation in S. sindensis was 
found to be lower than the nationally and internationally stipulated 
values, thus posed no serious health risk. 
   The results of this study show that Fe, Cu, Cd, Zn and Pb 
accumulations of S. sindensis caught from Balochistan coast 
were generally lower than the international limits. Therefore, 
bioaccumulations in all fish have to be monitored continuously, 
especially in these regions. The present study shows that precautions 
are needed to be taken in order to obviate the metal pollution in 
future. Otherwise, these pollution can be hazardous for fish and 

human health.
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Table 2 
Comparison of concentration in fish tissues.

Locations/Limits Fish Metal concentrations (µg/g) Reference
Fe Cu Zn Pb Cd

Kalpakkam Sardinella longiceps   75.83   3.21 23.69 0.910 - [22]

Bay of Bengal Rastrelliger kanagurta   42.00   2.20 16.00 - - [23]

Kapar Aiolopus thalassinus -   1.21 20.54 - 0.06 [24]

Johnius belangeri -   0.66 18.27 - 0.06 [24]

Mersing Aiolopus thalassinus -   1.56 30.21 - 0.03 [24]

Johnius belangeri -   0.95 13.12 - 0.04 [24]

Port Blair Sardinella gibbosa     0.00   0.00 45.60 0.000 0.00 [25]

Kochi Sardinella gibbosa   35.20 11.30 31.80 0.900 0.00 [25]

Persion Gulf Sardinella sindensis     1.24   1.43 - 0.184 0.03 [26]

Kalpakkam region St 1 Rastrelliger kanagurta - - 13.76 1.850 0.87 [27]

Kalpakkam region St 2 Rastrelliger kanagurta - - 22.87 2.970 1.12 [27]

India Rastrelliger kanagurta -   2.75 24.40 0.340 3.11 [28]

India Rastrelliger kanagurta   32.40   1.90 18.30 - 0.62 [12]

Keti Bunder Thatta Sardinella sindensis     0.10   0.01   1.22 0.200 0.03 [11]

Balochistan Sardinella sindensis   16.88   2.74   4.29 0.240 0.29 This study

International limits
100 30 50 2 1 [29]

- 10-100 40 0.5 0.5 [30]

-: Not determined.



Quratulan Ahmed et al./Journal of Coastal Life Medicine 2015; 3(5): 337-340340

Acknowledgements

   We would like to thank all the referees, who have added value to 
our paper with their thorough reviews and recommendations.

References

[1]    Daviglus ML, Stamler J, Orencia AJ, Dyer AR, Liu K, Greenland 

P, et al. Fish consumption and the 30-year risk of fatal myocardial 

infarction. N Engl J Med 1997; 336(15): 1046-53.

[2]    Connell JJ. Control of fish quality. London: Fishing News Books Ltd; 

1975.

[3]    Rizvi SHN, Saleem M, Baquer J. Steel mill effluents: influence on 

the Bakran Creek environment. In: Thompson MF, Tirmizi NM, 

editors. Proceedings of International Conference in Marine Science 

of the Arabian Sea. Washington DC: American Institute of Biological 

Science; 1988, p. 549-69.

[4]    Tariq J, Jaffar M, Moazzam M. Concentration correlations between 

major cations and heavy metals in fish from the Arabian Sea. Mar 

Pollut Bull 1991; 22(11): 562-5. 

[5]    Nair M, Balacharan KK, Shankaranarayan VN, Joseph T. Heavy metals 

in fishes from coastal waters of Cochin, southwest coast of India. 

Indian J Mar Sci 1997; 26: 98-100.

[6]    Zahra I, Kauser T, Zahir E, Naqvi II. Determination of Cu, Cd, Pb and 

Zn concentration in edible marine fish Acanthopagurus berda (Dandya) 

along Balochistan Coast-Pakistan. Int J Agric Biol 2003; 5(1): 80-2.

[7]    Agusa T, Kunito T, Yasunaga G, Iwata H, Subramanian A, Ismail 

A, et al. Concentrations of trace elements in marine fish and its risk 

assessment in Malaysia. Mar Pollut Bull 2005; 51(8-12): 896-911.

[8]    Agusa T, Kunito T, Sudaryanto A, Monirith I, Kin-Atireklap S, Iwata 

H, et al. Exposure assessment for trace elements from consumption of 

marine fish in Southeast Asia. Environ Pollut 2007; 145(3): 766-77. 

[9]    Dalman Ö, Demirak A, Balci A. 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 2006; 95: 157-62.

[10]  Naidu VA, Rao LM, Ramaneswari K. Occurrence of heavy metals (Zn, 

Pb, Cd, Cu and Fe) in the edible tissue of Megalaspis cordyla of the 

coastal waters of Visakapatnam, A.P. India. Asian Fish Sci 2008; 21(1): 

13-9.

[11]  Tabinda AB, Hussain M, Ahmed I, Yasar A. Accumulation of toxic 

and essential trace metals in fish and prawns from Keti Bunder Thatta 

District, Sindh. Pak J Zool 2010; 42(5): 631-8.

[12]  Kumar B, Sajwan KS, Mukherjee DP. Determination of heavy metals 

in valuable coastal fishes from North East coast of India. Turk J Fish 

Aquat Sci 2012; 12(1): 81-8.

[13]  Shivakumar CK, Thippeswamy B, Tejaswikumar MV, Prashanthakumar 

SM. Bioaccumulation of heavy metals and its effect on organs of edible 

fishes located in Bhandra River, Karnatka. Int J Res Fish Aquacult 

2014; 4(2): 90-8.

[14]  El-Moselhy KM, Othman AI, Abd El-Azam HA, El-Metwally MEA. 

Bioaccumulation of heavy metals in some tissues of fish in the Red 

Sea, Egypt. Egypt J Basic Appl Sci 2014; 1(2): 97-105.

[15]  Puel D, Zsuerger N, Breittmayer JP. Statistical assessment of a 

sampling pattern for evaluation of changes in mercury and zinc 

concentration in Patella coerulea. Bull Environ Contam Toxicol 1987; 

38(4): 700-6.

[16]  Linde AR, Sanchez-Galan S, Izquierdo JI, Arribas P, Maranon E, 

Garcia-Vazquez E. Brown trout as biomonitor of heavy metal pollution: 

effect of age on the reliability of the assessment. Ecotoxicol Environ 

Saf 1998; 40(1-2): 120-5.

[17]  de Mora S, Fowler SW, Wyse E, Azemard S. Distribution of heavy 

metals in marine bivalves, fish and coastal sediments in the Gulf and 

Gulf of Oman. Mar Pollut Bull 2004; 49: 410-24.

[18]  Sivaperumal P, Sankar TV, Viswanathan Nair PG. Heavy metal 

concentrations in fish, shellfish and fish products from internal markets 

of India vis-a-vis international standards. Food Chem 2007; 102: 612-

20.

[19]  Jordao CP, Pereira MG, Bellato CR, Pereira JL, Matos AT. Assessment 

of water systems for contaminants from domestic and industrial 

sewages. Environ Monit Assess 2002; 79(1): 75-100.

[20]  Ilyas SZ, Kakac S. The wind potential in coastal areas of Balochistan, 

Pakistan. Am Eurasian J Sci Res 2006; 1(1): 52-4.

[21]  Bernhard M. Manual of methods in aquatic environment research, Part 

3: sampling analyses of biological material. Roma: Food Agriculture 

Organization of the United Nations; 1976. [Online] Available 

from: http://archive.org/stream/manualofmethodsi034716mbp/

manualofmethodsi034716mbp_djvu.txt [Accessed on 15th January, 

2015]

[22]  Biswas S, Prabhu RK, Hussain KJ, Selvanayagam M, Satpathy KK. 

Heavy metal concentration in edible fishes from coastal region of 

Kalpakkam, southeastern part of India. Environ Monit Assess 2012; 

184(8): 5097-104.

[23]  Kumar B, Verma VK, Naskar AK, Chakraborty P, Shah R. Human 

health hazard due to metal uptake via fish consumption from coastal 

and fresh waters in Eastern India along the Bay of Bengal. J Mar Biol 

Oceanogr 2013; doi:10.4172/2324-8661.1000115. 

[24]  Bashir FH, Othman MS, Mazlan AG, Rahin SM, Simon KD. Heavy 

metal concerntration in fishes from the coastal waters of Kapar and 

Mersing, Malaysia. Turk J Fish Aquat Sci 2013; 13: 375-82. 

[25]  Kaladharan P, Nandakumar A, Valsala KK. Trace metals in the muscle 

tissue of nine marine fish species from Port Blair and Kochi. J Mar 

Biol Assoc India 2006; 48(2): 224-8.

[26]  Khoshnood Z, Khoshnood R, Mokhlesi A, Ehsanpour M, Afkhami M, 

Khazaali A. Determination of Cd, Pb, Hg, Cu, Fe, Mn, Al, As, Ni and 

Zn in important commercial fish species in northern of Persian Gulf. J 

Cell Anim Biol 2012; 6(1): 1-9.

[27]  Saravanamurugan R, Karthikeyan MM, Subramaniyan A. Heavy metal 

accumulation on water, sediment and some commercial important Fin-

fishes from Kalpakkam region, Souteast coast of India. Int J Environ 

Biol 2013; 3(3): 118-24.

[28]  Rejomon G, Nair M, Joseph T. Trace metal dynamics in fishes from the 

southwest coast of India. Environ Monit Assess 2010; 167(1-4): 243-

55.

[29]  World Health Organization. Environmental health criteria. Geneva: 

Switzerland; 2015. [Online] Available from: http://www.who.int/ipcs/

publications/ehc/en/ [Accessed on 15th January, 2015]

[30]  Nauen CE. Compilation of legal limits for hazardous substances in 

fish and fishery products. Rome: Food Agriculture Organization of the 

United Nations; 1983, p. 5-100.  

[31]  Joint FAO/WHO Expert Committee on Food Additives. Summary 

of evaluations performed by the Joint FAO/WHO Expert Committee 

on Food Additives (JECFA) 1956-2003. Washington DC: Food 

and Agriculture Organization of the United Nations, World Health 

Organization, ILSI Press International Life Sciences Institute; 2004.

[32]  Chughtai MI, Mahmood K. Semi-intensive carp culture in saline 

water-logged area: a multi-location study in Shorkot (District Jhang), 

Pakistan. Pak J Zool 2012; 44(4): 1065-72.


