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INTRODUCTION

The world consumption of seafood has considerably
increased in recent years due to its great health benefits in
prevention of diseases such as cardiovascular problems and
brain hemorrhage1. Fish and other seafood products are consi-
dered a valuable source of high quality proteins, omega-3
unsaturated fatty acids, selenium and vitamins2-5.

Metals are required for their biological roles in life pro-
cesses and hence their presence in trace amounts is essential6.
For instance, iron is a mineral essential for life. It is necessary
for the production of hemoglobin, myoglobin and certain
enzymes. On the other hand Fe deficiency can cause weakness,
inability to concentrate and susceptibility to infection. Accor-
ding to the World Health Organization, iron deficiency anemia
is one of the most common nutrient deficiencies in the world7.
Manganese helps to prevent cardiac arrest, heart attack and
stroke. At high concentrations it is quite toxic and can induce
psychologic and neurologic disorder8. Zinc is an essential trace
metal for both animals and humans. Still at concentrations
up to 40 mg/kg, Zn may induce toxicity, characterized by
symptoms of irritability, muscular stiffness and pain, loss of
appetite and nausea9. Consequently FAO has set a maximum
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guideline of 30 mg/kg of Zn for safe human consumption10.
Copper is an essential part of several enzymes and it is
necessary for the synthesis of haemoglobin11. Thus essential
elements are toxic if present in excess to permitted levels12.
Excess Fe and Mn can deposit oxides in Parkinson disease13.
Liver damage can be caused by excess Cu and reduction in
immune function by excess Zn14. At higher concentration Ni
is toxic and can increase red blood cells number and reduce
lung performance15. On the other hand Pb and Cd are toxic
even at a very low concentration and no biological significance
is known for them. Lead can cause renal tumor and high blood
pressure for adults and reduce cognitive development for infants
and children16. Aluminum toxicity is related to neurotoxicity
and neurodegenerative disease development17. Cadmium exposure
is detrimental in hypertension and may lead to upnormal
behaviour and decreased IQ of children and adults18. Arsenic
toxicity is a function of its oxidation state, where As(III) is
toxic compared to As(IV). The toxic inorganic As represents
only 3 % of the total As19,20 whereas more than 90 % of As is
in the form of arsenobetaine which gets methylated and excreted
through urine21. The high intake of inorganic As is associated
with increased risk of cancer21-24.



Fish can accumulate metals e.g. Cr25, Cu, Zn, Ni26, Pb,
Cd27,28, As29, Fe, Mn and Se30 in their tissues. Thus fish can be
considered a real indicator of environment toxic substances
bioaccumulation and their analysis can give an estimation of
contaminant exposure risk to consumers31.

As a result of natural emissions and anthropogenic
activities32-34 toxic heavy metals find their way to aquatic eco-
systems. Consequently these pollutants are assimilated and
bioaccumulated in the bodies of aquatic organisms and
ultimately into human body through food chains35 leading to
hazardous effects upon health. It is apparent that whenever
seafood consumption is studied, nutritional-toxicological
balance has to be considered. Along with the benefits there
are also concerns about consumer exposure to toxic substances
accumulated in fish edible tissues3,11,16,36.

The probability risk assessment method to estimate the
impact of hazardous pollutants upon human health has been
adopted by many researchers37-40.

The estimated daily intake per meal size of fish (EDmL)
for each element was calculated41,42 according to the equation:

EDmL = Ms × C (1)

where Ms is the meal size (g) and C is the metal concentration
(µg/g).

Target hazard quotient (THQ) is the parameter usually
considered by many authors as a valid indicator to the extent
of exposure of a population to an adverse health risks43,44. Target
hazard quotient was calculated45 using the following equation:

r total f m

fd0 a n

EF ED FIR C C
THQ

R BW AT

× × × ×=
× × (2)

where EFr is the exposure frequency (365.25 days/year), EDtotal

is the exposure duration (years) or average lifetime, FIR is the
food (fish) ingestion rate (g/person/day), Cf is the conversion
factor from wet to dry weight (0.208), Cm is the heavy metal
concentration in fish edible part (µg/g), Rfd0 is the oral reference
dose (mg/kg/day), BWa is the body weight (kg) and ATn is the
averaging exposure time for non-carcinogens (365 days/year
x number of exposure years)8. The level of exposure is consi-
dered less than the reference dose if target hazard quotient
value is less than 1.0 and hence no obvious risk is encountered.
If target hazard quotient > 1.0 there is a potential risk related
to the investigated metal46. The total target hazard quotient
(TTHQ) is the arithmetic sum of the target hazard quotient
value of individual metal43.

Lifetime cancer risk (CR) for As was calculated using the
cancer slope factor (CSF) of 1.5, provided by EPA for this
metal. If cancer risk is above the acceptable lifetime risk – ARL
– of 10-5, there is a probability greater than 1 chance over
100,000 of an individual developing cancer47. The formula
for (cancer risk) is given as:

r total f m

a n

EF ED FIR C C CSF
CR

BW AT

× × × × ×=
× (3)

Therefore, heavy metals that may accumulate in the tissues
of fish should always be monitored to assess their ability to
induce harmful effects upon human health when ingested35.
Life expectancy for individuals in Arabia48 was taken as 75,
an average body weight of 73 kg49, 110 g/person/day wet

weight fish intake50 and Cf was set equal to 0.208 to convert
wet weight into dry weight. The oral reference dose values
were Cd (0.001), Cr (0.0015), Cu (0.040), Fe (0.700), Mn
(0.140), Ni (0.020), Zn (0.300), Al (0.1405), Pb (0.004), As
(0.0003) and Se (0.005) mg/kg/day according to USEPA51.

The Red sea and the Arabian Gulf coasts are subject to
pollution from desalination effluents and brine water52-54,
petrochemical and other industrial wastes55. Such activities
subject the aquatic environment to getting contaminated with
pollutants that affect the biota including fish.

Many studies56-61 have been conducted to determine the
metals content of fish and monitor the extent of pollution due
to such anthropogenic activities62-64. To our best of knowledge
no risk assessment investigation was carried out to evaluate
the impact of fish consumption upon inhabitants.

Therefore this study was carried out to determine the
concentrations of some metals in the edible part i.e. muscles
of the two types of fish (Epinephelus areolatus and Plectropomus
maculatus) caught from the Red sea and Arabian Gulf coasts
and compare the level of these metal with regard to species
and location. The EDmL, target hazard quotient and cancer risk
were calculated to estimate the health risks associated with
these types of fish consumption.

EXPERIMENTAL

Sample collection: Ten fresh samples from each of
Areolate grouper (Epinephelus areolatus) and Coral Trout
(Plectropomus maculatus) fish were purchased from a fish
market in Riyadh, Saudi Arabia. The fish was cleaned with
tap water then distilled water and dissected using stainless steel
knife to remove the skin and viscera and obtain the edible part
i.e. muscles. The fish flesh was left to dry in air then put into
an oven at 105 °C for an overnight to dry completely. The dry
meat was ground to powder using a porcelain mortar and pestle.
The meat powder was kept in polythene bags for analysis.

Sample digestion: Wet digestion was carried out accor-
ding to Djedjibegovic et al.65. About 2 g of each of the dry
meat samples was accurately weighed into a Teflon beaker. A
digestion mixture consisting of 6 mL of 65 % HNO3 (Merck)
and 2 mL of 35 % H2O2 (Merck) was added to the sample.
The beaker content were heated at 130 °C for about 4 h until
the sample completely dissolved2. The beaker was uncapped
and the sample was evaporated to near dryness. Double distilled
water was added to dissolve the beaker’s residue. The solution
was then filtered into 25 mL volumetric flask and completed
to the mark with double distilled water.

Sample analysis: Samples were analyzed for all elements
under investigation using inductively coupled plasma-atomic
emission spectrometry (ICP-ES) model SPECTRO-GENESIS
EOP, Germany. Empirical calibration curves were generated
using a series of dilutions from a multi-element calibration
standard (Spectro-ICP solution: 21 standard elements)66. Accuracy
was checked by analysis of certified reference materials MA-
A-2 (TM), fish flesh homogenate and MA-B-3 (TM) fish tissue
from International Atomic Energy Agency (IAEA), Vienna
(Table-1). From these results it could be concluded that the
analyzed material was in the value range of the certified material.
Two way analysis of variance (ANOVA) was performed, in

4412  Kamal et al. Asian J. Chem.



TABLE-1 
CERTIFIED AND OBSERVED VALUES FOR ELEMENTAL 

CONCENTRATION OF REFERENCE MATERIALS BY ICP-ES 

Element Certified value Observed 
value 

Recovery (%) 

MA-A-2 (TM) 
Cd 0.066 ± 0.004 0.062 ± 0.01 93.94 
Ni 1.1 ± 0.20 1.17 ± 0.1 106.36 
Cr 1.3 ± 0.1 1.25 ± 0.1 96.15 
Cu 4 ± 0.1 4.1 ± 0.25 102.50 
Zn 33 ± 1.0 32 ± 0.5 96.97 
Mn 0.81 ± 0.04 0.80 ± 0.02 98.77 
As 2.6 ± 0.1 2.55 ± 0.20 98.08 

MA-A-2 (TM) 
Pb 4.62 ± 0.64 4.80 ± 0.60 103.90 
Cu 3.08 ± 0.36 3.15 ± 0.0.42 102.40 

 
order to evaluate differences in accumulation patterns between
the two fish species and sites. A correlation between the tested
elements was calculated. Values were significantly different
at p > 0.05.

RESULTS AND DISCUSSION

Metals concentrations in fish samples: The trace elements
contents of the four fish samples are displayed in Table-2. The
elements concentration ranges were 0.06-0.75, 0.25-2.12, 1.62-
5.12, 7.44-21.34, 0.25-1.00, 0.61-4.24, 27.20-166.50, 3.00-
11.73, 0.62-6.13, 4.24-36.75 and 0.562-2.388 µg g-1 for Cd,
Cr, Cu, Fe, Mn, Ni, Zn, Al, Pb and Se respectively. Species-
wise it can be seen that P. maculatus from both study areas
bioaccumulate more Cd, Cr, Fe, Mn, Ni, Pb, As and Se com-
pared to E. areolatus. Among the elements studied Zn was
present in the highest concentration in all of the fish samples.
This data is similar to the 46.4-260.6 µg g–1 57 and 70-180 µg
g–1 63 ranges reported for fish from the study area.

TABLE-2 
TRACE ELEMENTS CONCENTRATIONS  

(µg g-1 dry wt) IN FISH SAMPLES 

Element Sample 1R 
(n =10) 

Sample 2R 
(n =10) 

Sample 1G 
(n =10) 

Sample 2G  
(n =10) 

Cd 0.06±0.01 0.13±0.03 Nil 0.75±0.14 
Cr 0.50±0.12 0.75±0.21 0.25±0.06 2.12±0.46 
Cu 2.64±0.52 2.50±0.62 1.62±0.48 5.12±1.28 
Fe 11.50±3.21 17.38±4.16 7.44±1.73 21.34±4.14 
Mn 0.81±0.08 1.00±0.11 0.25±0.07 0.87±0.11 
Ni 0.61±0.09 1.25±0.32 1.00±0.09 4.24±0.87 
Zn 62.58±12.31 49.00±14.60 27.20±6.24 166.50±25.46 
Al 11.73±3.20 10.38±0.83 3.00±0.61 9.61±2.10 
Pb 1.39±0.25 6.13±1.02 0.62±0.15 4.87±1.15 
As 33.18±7.54 36.75±7.38 4.24±1.35 21.70±5.61 
Se 1.41±0.36 2.38±0.42 0.56±0.16 2.35±043 

Nil = Below detection limit, [1 = E. areolatus, 2 = P. maculatus, R = 
Red sea, G = Arabian Gulf] 

 
On the other hand, Cd was the lowest in all samples. In an

earlier study, 0.2-0.9 µg g–1 Cd was determined61 which lies in
the same limit with our data. The concentration of Cd in this
work is less than fish contents from UAE (7.19 and 9.94 µg
g-1) and Oman (109 and 195 µg g-1) measured by de Mora
et al.62 who attributed their high values to pollution in the study
areas.

A concentration of 1.1-2.9 and 3.96 ± 0.98 µg g–1 of Cu
was determined by Zyadah & Almoteiry61 and Ashraf 

60 for
fish from the Gulf. The values determined in this work agree
with those findings.

The Pb content of the fish samples from the Gulf found
in this study is comparable with the (0.9-3.2 µg g-1) and 3.19 ±
2.03 data of Al-Sayed et al.57 and Ashraf 

60, respectively.
Both fish species from the Red sea accumulate more As.

The As content determined in this study for fish from the Gulf
was (0.62-4.87 µg g-1) is higher than the 1.70 µg g-1 mean
reported by Madany et al.58 and (0.07-0.6) µg/g by Zyadah
and Almoteiry61 for fish from the same area. In contrast the As
content for fish from the Red sea agrees with the 20.20-43.3
µg/g content64. Arsenic is a natural source contaminant present
in rocks. Anthropogenic activities such as use of pesticide and
industrial emission can increase its concentration in the environ-
ment21,67. The soil of the Red sea greatly consists of rock as
part of The Great African Rift68 whereas that of the Gulf is
sandy. This may, but not certain, justify the high value of As
content in fish from the Red sea. Some authors28 attributed a
high As content to the fact that water near sediments contains
more As than surface water. While de Gieter et al.69 found that
fish feeding on benthic organisms and small fish accumulate
more As than those feeding on large fish. It may be the diffe-
rence of habitat, sediment composition and feeding pattern of
fish is influencing their As content.

Selenium is an essential nutritional element with anti-
oxidant and cancer prevention properties. An amount of 55 µg
of it is recommended for adults70. In this study, the Se contents
of fish are high and may even be toxic to humans71. High Se
was measured in sponges from the Red sea72 as they harbor
symbiotic bacteria for which Se is an essential element. Thus
Se can get transferred to fish though food chain. Afonso et al.30

found 0.18-0.57 Se in fish from the Mediterranean. One benefit
of Se is its ability to modify toxic effects of trace elements73

and methyl mercury74.
The two tailed t-test results should there is significant

difference between the species as well as location. The p value
was 0.988 between samples (1R) and (2R), 0.263 samples (1G)
and (1G) indication a significant difference between the species
in the Red sea and the Gulf. Similarly p value between samples
1R and 1G was 0.201 and between sample 2R and 2G was
0.526 depicting a significant difference location wise. The
correlation displayed in Table-3 indicates that analyzed element
are generally correlated significantly.

From Table-3, it can be observed that Cd, Cr, Cu, Fe, Ni
and Zn are significantly correlated. This may indicate their
being of the same source. These elements are of anthropogenic
origin coming from human activities. With the exception of
Al, arsenic is insignificantly correlated to all other elements.
This may support that As may have come from natural sources.
Lead is moderately correlated to other elements.

It can be seen from Table-4 that there is a diversity in
metal contents of fish around the globe. Moreover the results
obtained in this study agrees with most of the international
data especially the nearby areas like the Mediterranean75,
Turkey76,77 and Portugal30.

Estimated daily intake per meal size of fish (EDmL):
The evaluation of estimated daily intake per meal size that
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depends on the amount of seafood ingested and the concen-
tration of metals under study is shown in Table-5. A comparison
with tolerable intake (TI) proposed by Joint FAO/WHO Expert
Committee on Food Additive80 was made. The EDmL is higher
than TI for Ni and Pb for P. maculatus from the Gulf. The EDmL

is also higher than TI for Pb for P. maculatus from the Red
sea. The EDmL is lower than TI for all elements for E. areolatus
from the both study areas.

TABLE-5 
ESTIMATED DAILY INTAKE PER MEAL SIZE OF FISH (EDmL) 

COMPARED WITH TOLERABLE INTAKE (µg/person/day) 
SUGGESTED BY (JECFA) [Ref. 80,81] 

Element TI Sample 
1R 

Sample 
2R 

Sample 
1G 

Sample 
2G 

Cd 58.3* 1.37 2.97 0 17.16 
Cr 50-200 11.44 17.16 5.72 48.51 
Cu 700 60.40 57.20 37.07 117.15 
Fe 800 263.12 397.65 170.23 488.26 
Mn 1800-2300 18.53 22.88 5.72 19.91 
Ni 300 13.96 28.60 22.88 97.01 
Zn 8000-11000 1431 1121.12 622.336 3809.52 
Al nd. 268.38 237.49 68.64 219.88 
Pb 105* 31.80 140.25 14.19 111.42 
As 21-560* 22.77 25.22 2.91 14.89 
Se 55 32.26 54.45 12.81 53.77 

*Toxological limit (µg day–1) [Ref. 85] 

 
From Table-5 it can be seen that EDmL for Fe is below the

provisional maximum tolerance intake of 800 µg day-1 set by
JECFA81. For Mn EDm was 5.72- 22.88 µg day-1 which is also less

than the limit set by USEPA82, Canada83 and Noel et al.84. The
EDmL for Ni is 97.01 µg day-1 is less than the limitset by WHO48.

For Cd, Pb and As the toxological limit set by IOM85 was
employed to evaluate their toxic effects as they don’t contribute
to the nutritional value of food. From Table-5 it is clear that
the ED mL for the three element is less than the threshold set
indicating no hazards will be posed to consumers by eating
the fish under study.

The daily dietary intake of Zn and Cu recommended for
adults were 33 and 6.5 mg, respectively86. The highest average
daily intake of 3.809 mg Zn and 0.117 mg Cu are less than the
recommended values.

Target hazard quotient for metals: Table-6 shows the
values of the target hazard quotient for the toxic elements
calculated according to equation (2) for 7, 5, 3 and 1 meal/week
exposure level.

Target hazard quotient values with respect to Cd, Pb an
As for all fish samples are less than 1 for all exposure levels.
This indicates that no risk is imposed due to the intake of the
mentioned metals. The target hazard quotient values reported
for toxic elements Cd and Pb due to fish consumption in
Ghana44 were less than the values reported here. This may be
due to the higher fish intake in the Gulf area of 110 g/person/
day relative to the low intake of 48 g/person/day in Ghana44.
Target hazard quotient values reported in this study are
comparable with 0.14 and 0.34 and values for Cd and Pb for
fish consumption in Malaysia26. Target hazard quotient values
reported here are less than those reported by Copat et al.75 for
the consumption of food at the Mediterranean sea.

TABLE-3 
CORRELATION BETWEEN HEAVY METALS IN FISH SAMPLES 

 Cd Cr Cu Fe Mn Ni Zn Al Pb As Se 
Cd 1 0.996 0.977 0.842 0.413 0.986 0.981 0.271 0.531 0.033 0.642 
Cr  1 0.983 0.887 0.494 0.972 0.977 0.344 0.598 0.121 0.711 
Cu   1 0.859 0.532 0.930 0.995 0.448 0.524 0.192 0.692 
Fe    1 0.797 0.790 0.810 0.587 0.883 0.491 0.953 
Mn     1 0.291 0.450 0.921 0.800 0.917 0.925 
Ni      1 0.941 0.116 0.502 -0.11 0.568 
Zn       1 0.381 0.449 0.106 0.620 
Al        1 0.504 0.936 0.725 
Pb         1 0.580 0.942 
As          1 0.708 
Se           1 

 
TABLE-4 

METALS CONCENTRATION (µg g-1) IN FISH FROM LITERATURE 

Sampling 
location 

Cd Cr Cu Fe Mn Ni Zn Al Pb As Se Reference 

Malaysia 0.03-
0.05 

- 1.01-
1.69 

- - 3.49-
3.86 

20.58-
26.13 

- 0.26-
0.99 

- - 26 

Brazil 0.001-
0.09 

 1.2-2.9 1.6-7.5 0.3-1.7  2.7-9.3 49.1-
215.5 

0.04-
0.3 

0.1-6.1 0.002-
0.10 

73 

0.01-
0.75 

 1.0-2.5 36.1-
110 

2.76-
9.10 

 11.6-
63.5 

  0.11-
0.32 

0.19-
0.85 

76,77 Turkey 

0.08-
4.14 

0.21-
3.13 

0.04-
3.56 

0.82-
11.28 

0.33-
4.01 

2.46-
12.88 

0.60-
8.70 

0.07-
2.64 

1.12-
6.95 

  78 

Portugal 0.001-
0.008 

     2.8-4.1  0.04-
0.8 

13-46 0.27-
0.37 

30 

China 0.004-
0.03 

0.11-
2.55 

0.36-
6.44 

   6.15-
48.6 

 0.003-
0.28 

  79 

Ghana 0.17-
0.32 

 0.10-
0.35 

5.50-
18.1 

20.95-
32.30 

0.032-
0.55 

18.25-
23.15 

 4.32-
10.85 

  44 
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TABLE-6 
TARGET HAZARD QUOTIENT OF INDIVIDUAL TOXIC 

ELEMENTS IN MUSCLES OF FISH SAMPLES FROM  
RED SEA AND ARABIAN GULF 

Red sea Arabian Gulf 
Element 

Exposure 
level 

(day/week) 
Sample 

1R 
Sample 

2R 
Sample 

1G 
Sample 

2G 
7 0.019 0.015 - 0.073 
5 0.013 0.010 - 0.052 
3 0.008 0.006 - 0.031 

Cd 

1 0.003 0.002 - 0.010 
7 0.109 0.479 0.048 0.381 
5 0.078 0.342 0.035 0.272 
3 0.047 0.205 0.021 0.163 

Pb 

1 0.016 0.068 0.007 0.054 
7 0.890 0.986 0.151 0.707 
5 0.636 0.704 0.108 0.505 
3 0.381 0.422 0.065 0.303 

As* 

1 0.127 0.140 0.021 0.101 
*As calculations were made by assuming the inorganic As the 3 % of 
the total concentration [Ref. 87] 

 
Lifetime cancer risk (CR) for As: The cancer risk of

arsenic (Table-7) are higher than the threshold of 10-5 set by
US-EPA47 for all exposure frequency for all fish samples except
one meal per day. High cancer risk values were reported by
Saha and Zaman8 for fish consumption in Bangladesh as that
was attributed to water contamination by As. Copat et al.75

also reported high values of target hazard quotient and cancer
risk of As for fish consumption in the Mediterranean. To reduce
the risk, the researchers75 advised minimizing the number of
fish containing meals. Similarly, the number of fish containing
meals should be reduced to avoid health risk due to these type
of fish consumption.

TABLE-7 
CANCER RISK OF ARSENIC IN MUSCLES OF FISH  
SAMPLES FROM RED SEA AND ARABIAN GULF 

Red sea Arabian Gulf Exposure 
level 

(day/week) Sample 1R Sample 2R Sample 1G Sample 2G 

7 3.95×10-4 4.37×10-4 6.86×10-5 3.12×10-4 
5 2.81×10-4 3.12×10-4 4.89×10-5 2.22×10-4 
3 1.68×10-4 1.87×10-4 2.91×10-5 1.33×10-4 
1 5.62×10-5 6.24×10-5 9.78×10-6 4.37×10-5 

 
Conclusion

The concentration of some trace elements was determined
in two types of fish species (Epinephelus areolatus and Plectro-
pomus maculatus) from the Red sea and Arabian Gulf coasts.
Elevated concentration of some elements was observed in
P. maculatus from both study areas. High As was detected in
both species from the Red sea. The health risk assessment
parameters EDmL, target hazard quotient and cancer risk were
calculated to evaluate the health effects associated with these
types of fish consumption. The target hazard quotient values
were less than unity for the toxins As, Cd and Pb at different
exposure levels. The cancer risk value for As was higher than
the 10-5 threshold set by health concerned bodies. It can be
concluded from the study that there is no risk associated with
consuming these types of fish.
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