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 Abstract.- Concentrations of 10 heavy metals (Cu, Zn, Cd, Pb, Fe, Mn, Cr, Se, As, and Hg) were determined in 
different organ tissues of four selected common red sea fish species viz., Lethrinus nebulosus, Cetoscarus pulchellus, 
Plectorhynchus schotaf and Epinephelus spp. There was a highly significant (P< 0.01) difference among the 4 fish 
species and between organs for the accumulation of all 10 metals. The concentration of Fe was highest closely 
followed by Zn, whereas Cd was detected in the lowest concentration. The liver accumulated the highest concentration 
of metals and muscles had the concentration of all studied metals. It has been observed that Lethrinus nebulosus 
species accumulated the highest concentration of total analyzed elements in this study, which indicate that this species 
have more potential to accumulate all of metals in each tissue.  
 
Key words:  Heavy metals, bioaccumulation. 

 
 

INTRODUCTION 
 

 The Red Sea has a surface area of about 
438,000 km². It is about 2250 km long and, 355 km 
at its widest point. There are six countries bordering 
the Red Sea; Saudi Arabia, Yemen, Egypt, Sudan, 
Eritrea and Djibouti (Red sea). Sewage is 
considered an important environmental threat 
throughout the region. Power and desalination 
plants, refineries, fertilizer manufacturers and 
chemical plants are located in the coastal areas. The 
effluents of these industries (oil, organic pollutants, 
heavy metals, heated brine and cooling water) are 
considered as major threat in these countries of the 
region (UNEP, 1997; Al-Balwai et al., 2013). 
 The Red Sea is a rich and diverse ecosystem. 
More than 1200 species of fish have been recorded 
in the Red Sea (FAO, 2011).  Fish is a good source 
of animal protein for human beings. Omega-3 has 
unsaturated fatty acids which provides a low-
cholesterol healthy source of protein and other 
nutrients. Therefore, fish consumption is 
recommended two or three times a week (Burger 
and Gochfeld, 2005). 
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 A wide range of pollutants is continuously 
discharged into marine environment, which 
ultimately affect the aquatic life including fish.  The 
contaminants ultimately bio-accumulate in the 
muscle and other tissues of fish and hence pose a 
serious threat to human health (Sekhar et al., 2003). 
Age, height, weight, gender, dietary habits, 
ecological needs, metal concentration in water and 
sediment, retention duration of fish in the aquatic 
environment, fishing period and the physical and 
physicochemical properties of water are among the 
factors that affect heavy metal accumulation in 
various organs of fish (Canli and Alti, 2003).  
 Fish species were recently suggested as 
environmental biomarkers (Tom et al., 2002). It is 
also, considered as an early warning for the 
degradation of environmental quality, but also 
specific measures of toxic, carcinogenic and 
mutagenic compounds in biological materials 
(Verlecar  et al., 2006). Liver and gills as the main 
organs for metabolism and respiration are target 
organs for contaminant accumulation. The gills 
(Alazemi et al., 1996), liver (Braunbeck, 1998) and 
kidney (Bernet et al., 1999) are commonly the 
primary target organs for pollution. Measuring 
heavy metals in aquatic organisms may be a bio-
indicator of their impact on the organism and 
ecosystem health (Krishnakumar et al., 1994). Some 



K.A. AL-GHANIM ET AL. 1032

metals are known to be toxic even at low 
concentrations, including arsenic, cadmium, 
mercury, zinc and lead. Others, such as copper and 
cobalt are known to be essential elements and play 
important role in biological metabolism at very low 
concentration (Le et al., 2009) and either an excess 
or deficit can disturb biochemical functions in both 
humans and animals (Gulec et al., 2011). The 
objectives of this study was to investigate the 
concentration of heavy metals in different  organ of 
four selected common red sea fish species and to 
determine the fish tissue and species that 
accumulate the highest concentration of these 
metals. 
 

MATERIALS AND METHODS 
 
 Four common red sea fish species viz., 
Lethrinus nebulosus, Cetoscarus pulchellus, 
Plectorhynchus schotaf and Epinephelus spp. were 
selected. Nine samples of each species were 
collected and stored in the deep freezer at -20°C 
until prepared for analysis (Ademoroti, 1996). 
 The fish samples were thawed at room 
temperature (about 27ºC) and dissected to remove 
gills, liver and muscles. These organs were oven 
dried at 110–115˚C for 24 h, ground in porcelain 
mortar and pestle (Godwin et al., 2011) for acid 
digestion according to Smith and Windom (1972). 
After digestion, the samples were stored in pre-
cleaned polyethylene bottles until analyed. The acid 
digests of muscle, gills and liver of Lethrinus 
nebulosus, C. spulchellus and Epinephelus spp. 
were analyzed by atomic absorption 
spectrophotometer for Cu, Zn, Cd, Pb, Fe, Mn, Cr, 
Se, and As. These metals were also analyzed in 
muscles and gills of P. schotaf. Hg was assessed in 
the muscles of all the fish species. Acid blanks did 
not receive fish samples and were prepared exactly 
in the same way as the samples. The OD of acid 
blanks was substracted from the ODs of samples for 
purposes of calculation. 
 

Statistical analysis 
 Descriptive statistics, pair-wise comparisons 
and Spearman correlation coefficient were done by 
using SPSS Statistics program. 

RESULTS AND DISCUSSION 
 
 The mean of each measured metals in 
different fish tissues in the four fish species are 
presented in Table I. The biometric data revealed 
that the fish species, P. schotaf have the highest 
length and weight, while the C. pulchellus have the 
lowest weight. The correlation with the biometric 
data of the different studied species indicated the 
presence of a strong negative correlation between 
Hg accumulation with both length and weight of C. 
pulchellus and with length only in P. schotaf. 
However, the intermediate negative correlation 
appears between both Pb and Se accumulation with 
both length and weight of P. schotaf. In addition, Pb 
had an intermediate negative correlation with the 
weight of L. nebulosus and with length of 
Epinephelus spp. All these positive or negative 
correlations were not significant for all species. 
Generally there was a highly significant (P<0.01) 
difference between the four studied species and 
between organs in the accumulation of all measured 
metals.  
 In general, the Fe values were the highest 
closely followed by Zn but Cd was the lowest 
among the all detected metals. These results were in 
agreement with previous studies (Naim et al., 2008; 
Bashir et al., 2013; Arun and Hema, 2007; 
Abdelrahim et al., 2011). The highest concentration 
of Fe was found to be comparable with other 
investigations (Bhup et al., 2011) and indicated the 
presence of inorganic sources of iron, which more 
readily absorbed compared with organic sources. 
The highest accumulation of Se, Mn and Cd was 
recorded in L. nebulosus, and Se, Cr, and Fe were 
highest in C. pulchellus. On the other hand, Pb and 
Hg were highest accumulated in P. schotaf, but As 
was recorded in the highest concentration in 
Epinephelus spp. There was non-significant 
difference between L. nebulosus and P. schotaf for 
accumulation of As, Hg and Fe. Furthermore, there 
was a non-significant difference between L. 
nebulosus and C. pulchellus for the accumulation of 
only As. Nevertheless, between L. nebulosus and 
Epinephelus spp. a non-significant difference was 
observed for accumulation of Hg, Se, Cr, Cd and 
Cu. L. nebulosus and Epinephelus spp. showed 
similar   pattern  for  accumulation  of  these  metals.  
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The fish species C. pulchellus and P. schotaf 
exhibited a non- significant difference for the 
accumulation of Pb, Cd, and As. Epinephelus spp. 
and P. schotaf behaved similarly for 
bioaccumulation of Hg. This indicates that the 
presence of a wide difference between Epinephelus 
spp. and both P. schotaf and C. pulchellus for all the 
studied metal concentrations except Hg and Fe, 
respectively. The measured metals in different 
tissues of the four studied fish species revealed that 
the liver had the highest concentration of all the 
metals except As which recorded its highest value in 
gills of Epinephelus spp. These findings were not in 
line with other studies (Naim et al., 2008; Bashir et 
al., 2013; Abdelrahim et al., 2011; Metwally and 
Fouad, 2008) where it was reported that liver of fish 
had the highest accumulation of heavy metals. 
 The liver of Epinephelus spp. accumulates the 
highest values of each Cu, Pb and Zn (Table I), 
while in liver of L. nebulosus accumulates the 
highest concentration of Se, Mn, and Cd were 
detected as 1.14±0.20, 18.97±0.69 and 2.08±0.20 
µg.g-1dry weight, respectively. The highest 
concentration of Cd (2.08 µg.g-1) in this study was 
higher than the study carried out on the same 
species (L. nebulosus) in each of Qatar, UAE and 
Oman, but Mn and Se were lower than the values 
recorded by the same study (Stephen, 2004). On the 
other hand, liver of C. pulchellus accumulates the 
highest values of Cr and Fe. 
 The muscles had the lowest concentration of 
all the tested metals except Cu was recorded in the 
lowest concentration in gills of C. pulchellus. These 
findings are in agreement with other studies who 
stated that muscles of fish in general has the lowest 
accumulation of heavy metals (Naim et al., 2008; 
Bashir et al., 2013, Arun and Hema, 2007; 
Abdelrahim et al., 2011; Metwally and Fouad, 
2008). The muscles of Epinephelus spp. accumulate 
the highest concentration of Cu, As, Se and Zn. The 
P. schotaf muscles accumulate the highest 
concentration of Pb, Fe and Cd (Table I) but 
accumulate the lowest concentration of Cu and Cr. 
 The highest accumulation of Cr was recorded 
in C. pulchellus muscles and Mn in L. nebulosus 
(Fig. 2). However, the lowest accumulation of Pb, 
Zn and Mn were determined in muscles of C. 
pulchellus. As, Se, and Fe in L. nebulosus. The 

highest value of Mn in L. nebulosus muscles was 
recorded as 3.42±0.23 µg.g-1 dry weights which was 
comparatively higher than reported by Stephen 
(2004) in the same species in Qatar, UAE and 
Oman. The lowest values of each Se and As 
(0.91±0.02 and 0.11±0.02 µg.g-1, respectively) were 
lower than the values reported by the same study, 
but Fe value was higher than it. As and Cd 
concentration was recorded as 0.11 and 0.53 µg.g-1, 
respectively in L. nebulosus muscles. These findings 
were in agreement with another study carried in the 
Arabian Gulf (Zyadah et al., 2012). The Cu and Pb 
were however slightly increased (2.48 and 0.90 
µg.g-1 respectively). In the present study the 
concentration of Pb, Cu, Cd and Zn in both liver and 
muscles of study species were higher than those in 
the previous studies (Metwally and Fouad, 2008) 
except for Zn which was less in muscles compared 
to this study. 
 The concentration of Cd in all the fish species 
was far below the US permissible limits (3-4ppm), 
FAO/WHO (FAO/ WHO, 2011) and Malaysian food 
(Malaysian food and regulations 1985) regulations 
(1ppm) except for L. nebulosus, which slightly 
exceeded (1.07±0.77 µg.g-1), the value of 
FAO/WHO limits (FAO/WHO, 2011). Cd 
concentration in four fish species was higher than 
EU limits (0.05-1ppm) (Tom et al., 2002) and Saudi 
Arabian standards (SASO) which suggested 
maximum allowable limits for Cd in fish as 0.05 
µg/g (MALs for any toxic heavy metals in fish 
species, 1977). 
 Pb in both L. nebulosus and C. pulchellus 
(0.97±0.05 and 0.95±0.14 µg.g-1, respectively were 
incompatible with US permissible limits (1.5-
1.7ppm) (FAO Document Repository) and SASO 
(1977) limits (2.0 µg/ g) while P. schotaf reported 
the higher value (1.80 µg.g-1) than US limits and 
below SASO (1977) limits. On the other hand, the 
Epinephelus spp. the Pb was recorded as 0.67±0.1 
µg.g-1 that was higher than acceptable limits as 
suggested by US (FAO Document Repository) and 
SASO (1977).  The accumulated values of Pb in the 
present study were higher than EU limits (Tom et 
al., 2002) for Pb in fish (0.2-1.0 ppm) and FAO/ 
WHO (0.3 ppm) (FAO/WHO, 2011). 
 Cu and Zn concentrations were far below the 
MALs limits as recommended by FAO / WHO 
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(2011) (10 and 150 µg.g-1, respectively). Malaysian 
Food and Regulations (1985) suggested upper limit 
as 30 and 100 µg.g-1, respectively and SASO (1977) 
limits (20 and 50 µg.g-1, respectively for the studied 
species except L. nebulosus which was not 
compatible with the limits suggested by SASO 
(1977) for Zn. The concentration of Mn in L. 
nebulosus and Epinephelus spp. (18.97±0.69 and 
13.68±1.03 µg.g-1) were higher than the permissible 
limits of 5.4µg.g-1 (FAO/WHO, 2011). The 
concentration of As and Hg in the four fish species 
were found to be within the permissible limits of 
SASO (1977) limits (1.0 µg.g-1).  
 Overall ranking revealed from the results that 
among the four fish species the L. nebulosus 
accumulated the highest concentration of all the 
heavy metals, which indicates that this species have 
more potential to accumulate these metals in each 
muscle, liver and gills. It may be due to the feeding 
habits of the fish, lipid content in the tissue and 
excretion percentage of these toxic metals from their 
body (Fredrick et al., 2014). 
 

CONCLUSION 
 
 Fish is widely accepted as a model organism 
for monitoring the environmental pollution in 
aquatic environment. We concluded that liver has 
more potential to deposit trace metals compared to 
muscles. Lethrinus nebulosus comparatively 
accumulated higher concentration of heavy metals 
compared to the Cetoscarus pulchellus, 
Plectorhynchus schotaf and Epinephelus spp.  
 

ACKNOWLEDGEMENT 
 
 The authors would like to their sincere 
appreciation to the Deanship of Scientific Research 
at King Saud University for its funding of this 
research through the Research Group Project No. 
PRG-1436-011. 
 

REFERENCES 
 
ABDELRAHIM, A.A., ELHADI, M. E. AND ALIAN, M. A. 

A., 2011. Determination of heavy metals in four 
common fish, water and sediment collected from red 
Sea at Jeddah Islamic Port Coast. J. appl. environ. Biol. 
Sci., 1: 453-459. 

ADEMOROTI, C.M.A., 1996. Environmental chemistry and 
toxicology. Foludex Press, Ibadan.  215p. 

ALAZEMI, B. M., LEWIS, J. W. AND ANDREWS, E. B., 
1996. Gill damage in the freshwater fish Gnathonemus 
petersii (Family: Mormyridae) exposed to selected 
pollutants: an ultra-structural study. Environ. Technol., 
17, 225-238. 

Al-BALWI, H. F. A., AL-MISNED, F., AHMAD, Z., AL-
GHANIM, K. A. AND MAHBOOB, S., 2013. A study 
on the concentration of heavy metals in water and 
sediments of natural water Reservoir in Wadi Hanefah, 
Saudi Arabia and uptake of metals by a fish, Poecilia 
latipinna. Pakistan J. Zool., 45: 589-593. 

ARUN, K. AND HERNA, A., 2007; Heavy metal accumulation 
in certain marine animals along the East Coast of 
Chennai, Tamil Nadu, India. J. environ. Biol., 28: 637-
643 

BASHIR, F. H., OTHMAN, M. S., MAZLAN, A. G., RAHIM, 
S.M. AND SIMON, K.D., 2013. Heavy metals 
concentration in fishes from the coastal waters of kapar 
and mersing, Malaysia. Turk. J. Fish. aquat. Sci., 13: 
375-382 

BERNET, D. H., SCHMIDT, W., MEIER, P., BURHARDT, H. 
AND WAHLI, T., 1999. Histopathology in fish: 
proposal for a protocol to assess aquatic pollution. J. 
Fish Dis., 22: 2534. 

BHUPANDER, K., MUKHERJEE, D.P., SANJAY, K., 
MEENUA, M., DEV, P., SINGH, S.K. AND 
SHARMA, C.S., 2011, Bioaccumulation of heavy 
metals in muscle tissue of fishes from selected 
aquaculture ponds in east Kolkata wetlands. Annal. biol. 
Res., 2: 125-134.  

BRAUNBECK, T., 1998 Cytological alterations in fish 
hepatocytes following in vivo and in vitro sublethal 
exposure to xenobiotics – structural biomarkers of 
environmental contamination. In: Fish ecotoxicology 
(eds. T. Braunbeck, D.E. Hinton, B. Streit), Basel, pp. 
61-140. 

CHAPMAN, L.J., GALIS, F. AND SHINN, J., 2000. Fish 
hepatocytes following in vivo and in vitro sub-lethal 
exposure to xenobiotics–structural biomarkers of 
environmental contamination. In: Fish ecotoxicology 
(eds. T. Braubeck, D.E. Hinton and B. Streit). 
Birkhauser Verlag, Basel, Switzerland, pp. 61-140. 

BURGER, J. AND GOCHFELD, M., 2005. Heavy metals in 
commercial fish in New Jersey. J. environ. Res., 99: 
403-412.  

CANLI, M. AND ALTI, G., 2003. The relationships between 
heavy metal (Cd, Cr, Cu, Fe, Pb, Zn) levels and the size 
of six Mediterranean fish species. Environ. Pollut., 121: 
129-136. 

FAO / WHO, 2011. Assessment and management of seafood 
safety and quality.  Document Repository. 

FREDRICK, A., ETORNYO, A., GEORGINA, A. AND 
ALBERT, K.Q., 2014. Bioaccumulation of heavy 
metals in water, sediments and tissues of some selected 
fishes from the Red Volta, Nangodi in the Upper East 
Region of Ghana. Br. J. appl. Sci. Tech., 4: 594-603.  

GODWIN, J., VAIKSON, N. E., NJOKU, C. J. AND SEBYE, 



K.A. AL-GHANIM ET AL. 1036

J., 2011. Evaluation of some heavy metals in tilapia 
nicolitica found in selected rivers in Bayelsa state: J. 
Environ. Agric. Fd. Chem., 10: 2451-2459. 

GULEC, A. K., YILDRIM, N. C., DANALAS, D. AND 
YILDRIM, N., 2011. Some hematological and 
biochemical parameters in common carp Cypinus 
carpio L 1758 in Munzur River Tunceli, Turkey. Asian 
J. Chem., 23: 910-912. 

KRISHNAKUMAR, K., CASILLAS, E. AND ARANASI, U 
V., 1994. Effect of environmental contaminants on the 
health of Mytilus edulis from Puget Sound, Washington, 
USA. I. Cytochemical measures of lysosomal 
Responses in the digestive cells using automatic image 
analysis. Mar. Ecol. Prog. Ser., 106, 249-261. 

LE, Q.D., SHIRAI, K., NGUYEN, D.C., MRYAZAKIN. A.T., 
2009. Heavy metals in a tropical eel Anguilla 
marmorata from the central part of Vietnam. Water Air 
Soil Pollut., 204: 69-78. 

MALAYSIAN FOOD AND REGULATIONS, 1985. In: 
Malaysian Law on food and drugs (eds. I.N. Hamid and 
T.H. Yap). Malaysian Law Publisher, Kula Lumpur. 

MALs for some toxic heavy metals in fish species. 1977. 
http://www.saso.gov.sa/ar/eservices/Pages/standardSear
ch.aspx 

METWALLY, M. A. A. AND FOUAD, I. M., 2008, 
Biochemical changes induced by heavy metal pollution 
in marine fishes at Khomse Coast. Libya. Global Vet., 
2: 308-311.  

NAIM, S., ISMAIL, I. AND AHMED, H.A., 2008. Heavy 
Metals in three commonly available coral reef fish 
species from the Jordan Gulf of Aqaba, Red sea. Jordan 
J. biol. Sci., 1: 61-66.  

SEKHAR, C.K., CHARY, N.S., KAMALA, C.T., 
SUMANRAJ, D. S. AND SREENIVASA, R. A., 2003. 

Fractionation studies and bioaccumulation of sediment-
bound heavy metals in Kolleru Lake by edible fish. 
Environ, Int., 29: 1001-1008. 

SMITH, G. R. AND WINDOM, H. L., 1972. Analytical hand 
book for the determination of arsenic, cadmium, cobalt, 
copper, iron, lead, manganese, mercury, nickel, silver 
and zinc in the marine and estuarine environment. The 
technical report series of the marine Science 
programme, University System of Georgia, pp. 72-76. 

STEPHEN de, M., SCOTT, W. F., ERIC, W. AND SABINE, 
A., 2004. Distribution of heavy metals in marine 
bivalves, fish and coastal sediments in the Gulf and 
Gulf of Oman. Mar. Pollut. Bull., 49: 410–424. 

TOM, M., MYERS, C. R. AND WATERMAN, M. R., 2002. 
Competitive ELISA utilizing membrane-free 
recombinant fish CYP1A as standard for evaluation of 
its microsomal homologue molar concentrations. Aquat. 
Toxicol., 59, 101-114. 

UNEP, 1997. Assessment of land-based sources and activities 
affecting the marine environment in the red Sea and 
Gulf of Aden. UNEP Regional Seas Reports and Studies 
No.166. 

VERLECAR, X. N., PEREIRA, N., DESAI, S. R. JENA, K. B. 
AND SNIGDH, 2006. Marine pollution detection 
through biomarkers in marine bivalves. Curr. Sci., 91: 
1153-58.. 

ZYADAH, M. A. AND MOHSIN, G. A., 2012.  Evaluation of 
environmental pollution in the arabian gulf coast at the 
eastern province, SA.  Asian Trans. Basic appl. Sci., 2: 
1-8. 

 
(Received 10 March 2015, revised 18 April 2015) 

 
 
 


