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Abstract 

The concentrations of the heavy metals Cd, Co, Cr, Cu, 
Fe, Mn, Ni, Pb, and Zn were determined in the muscles, 
livers,, gills, gonads, and the stomachs of two detritus 
feeder (Ctenochaetus striatus and Zebrasoma xanthurum) 
and one herbivorous (Scarus ferrugineus) fish species 
collected from the Gulf of Aqaba. The mean 
concentrations of heavy metals among the organs of fish 
examined were generally significantly different (P<O.05). 
In general, muscles contained lower metal concentrations 
than other organs. Comparing species, there was no 
significant difference in the mean concentration of metals 
except Zn in the muscles of the examined fish species. By 
comparison, the mean concentrations of Zn, Cd and Cu 
were significantly different among the livers of these 
species. In gills, only Mn varied significantly. Only Cu 
and Pb varied among the stomachs of species examined. 
In gonads, there were significant differences between the 
mean concentrations of Cd, Cr, Cu, Mn, and Zn in one of 
the detritus feeder fishes and the herbivorous fish. The 
concentration of metals in the muscle tissues were 
generally low and within the ranges expected for metals in 
muscle of fish from relatively uncontaminated locations. 
The ranges are generally lower or within the ranges of the 
concentrations for these elements in fishes of the Red Sea 
(Hanna, 1989). Moreover, the values fall below the 
acceptable levels for human consumption recommended 
by FAO (1983) and WHO (1978, 1989, 1993) which 
means that they do not pose a significant threat to the 
health of human consumers. The results indicate that 
relatively high concentrations of heavy metals were found 
in liver and gill of the examined species, which suggest 
the possibility of using these two organs, particularly the 
liver, as bioindicators of metals present in the surrounding 
environment. 

  الملخص 

تم تعيين تراآيز العناصر الثقيلة الكادميوم و الكوبالت والكروم 
والنحاس والحديد والمنجنيز والنيكل والرصاص والزنك في 

وعين من الأسماك الرمية  عضلات وآبد وخياشيم ومناسل ومعدة لن
ونوع من الأسماك ) آتينوآيتاس ستراتس و زيبراسوما آزانثيورام  (

. جمعت من خليج العقبة) سكارس فيروجينيوس (اآلة الأعشاب 
آانت هنالك فروقات إحصائية في تراآيز العناصر الثقيلة بين اعضاء 

وبشكل عام إحتوت العضلات على أقل . الأسماك التي تم فحصها
بمقارنة أنواع الأسماك لم تكن هنالك . تراآيز للعناصر الثقيلة

. فقروقات إحصائية في تراآيز العناصر بإستثناء الزنك في العضلات
بمقارنة تراآيز الزنك والكادميوم والنحاس في آبد السمك آان هنالك 

أما تراآيز المنجنيز فكانت هنالك فروقات . فروقات إحصائية
وأختلف آذلك إحصائيا تراآيزالنحاس . مإحصائية في الخياشي

أما في المناسل فكانت تراآيز . والرصاص في معد الأسماك
. الكادميوم والكروم والنحاس والمنجنيز والزنك تختلف إحصائيا

آانت تراآيزالعناصر في العضلات منخفضة وضمن 
تقع هذة التراآيز ضمن مدى . التراآيزالمتوقعة للمناطق غير الملوثة

آيز لمنطقة البحر ألأحمر وضمن التراآيز المقبولة للأستهلاك الترا
وتشير . البشري حسب منظمة الغذاء الدولية ومنظمة الصحة العالمية

التراآيز العالية  للعناصر في الخياشيم و الكبد بإمكانية إستخدام هذة 
 .راآيز العناصر في البيئة المحيطةتالعناصر آمؤشر حيوي عن 
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1. Introduction 

In recent years, the concentration of heavy metals in 
marine fishes has received great attention, particularly in 
developed and industrialized coastal areas (Denton and 
Burdon-Jones, 1986; Wahbeh and Mahasneh, 1987; 
Hanna, 1989; Rayment and Barry, 2000; Miao, 2001). 
Since 1975 the shipping and industrial activities at the 
Jordanian Aqaba town at the northern side of the Gulf of 
Aqaba have been increased tremendously (Abu Hilal, 
1999). Parallel to this there has been a great demand for 
coastal development. The following categories of human 
activities are of particular environmental concern with 
regard to maintaining healthy coral reefs and pollution 
problems in the Gulf of Aqaba: tourism, sport and 
commercial fishing, boat anchoring, shipping of oil and 
hazardous material, dumping of debris and litter, 
wastewater disposal, and mariculture. Industrial and 
commerce activities in the Gulf have been increased with 
development of oil, marina, phosphate mineral and potash 
export and other industrial facilities. Shipping traffic in the 
northern Gulf of Aqaba is expected to increase during the 
next decade. Tourism and population growth is expected to 
continue during the next two to three decades, due in part 
to governmental policies encouraging growth in the area 
and facilitating increased tourism infrastructure. 
Consequently, unfavorable impact of these activities on the 
marine life is to be expected. A number of positive steps 
have been taken to address some of these concerns, 
however, many problems remain and expected to increase 
as both the permanent and tourist population growth. 
During the past two decades, several authors have studied 
the composition of heavy metals in the marine 
environment of the Gulf of Aqaba (Abu-Hilal, 1987; Abu- 
Hilal and Badran, 1990; Abu-Hilal et al., 1993). Abu-Hilal 
(1987) has reported abnormally high concentrations (3-9 
times) of heavy metals in near shore surface sediments at 
some stations in the northern portion of the Gulf of Aqaba. 
Moreover, the metal content of sea grasses (Wahbeh, 
1984; Abu-Kharma, 2006), algae (Wahbeh et al., 1985; 
Abu-Kharma, 2006), crustacea (Abu-Hilal et al., 1988), 
zooplankton (Bani-Fawwaz, 2005), mussels (Ababneh, 
2004; Al- Batainh, 2004), corals (Al-Shloul, 2006; Al-
Tarabeen, 2006) and in several fish species (Wahbeh, 
1985; Wahbeh and Mahasneh, 1987) have been reported. 
However, the amount of work on heavy metals in marine 
biota of the Gulf of Aqaba is still limited and there is a 
need for more studies. The lack of integrated data and 
scientific assessment of pollutants, their sources and 
effects on coral reef resources in the Gulf has impacted 
and hindered the management actions and efforts made by 
related authorities in this region (Abu Hilal, 1999; 
RSMPP, 2003). The present paper provides important 
information on the metal content in the muscles, livers, 
gills, gonads, and the stomachs of two detritus feeder fish 
species, Ctenochaetus striatus and Zebrasorma xanthurum 
and one herbivorous fish species Scarus ferrugineus that 
add to the limited scientific data and may be useful for 
environmental managers. 

2. Materials and Methods 

A total of 22 specimens of fish, 11 of the lined bristle 
tooth surgeonfish C. striatus, 4 of the yellow surgeonfish 
Z. xanthurum, and 7 of the parrot fish S. ferrugineus, were 
collected from three coastal areas along the northern 
portion of the Gulf of Aqaba (Fig. 1). 

 
Figure 1: Locations of the sampling sites 

The samples were collected using set-nets positioned at 
site, fish taps and spear gun. Spear shafts and heads were 
made of seawater resistant, stainless steel there by 
minimizing sample contamination. After capture the 
samples were weighed, measured, cleaned deionized-
distilled water, stored in pre-cleaned plastic a, and kept 
frozen at -180C until further analysis. Pretreatment, 
preparation of sub samples and analysis were made 
according to FAO Technical Paper No. 212 rrPC3 (1983). 
Frozen fish were partially thawed and dissected on a 
cleaned plastic sheet using scalpels with steel blades and 
plastic forceps. Flesh, liver, gill, gonads and stomach were 
taken out and dried in a pre-cleaned glass container at 
80oC to a constant weight. 

A suitable volume of a mixture of hydrogen 
peroxide/nitric acid solution 1:1 v/v was used for the wet 
acid digestion of a pre-weighed tissue or organ. The 
analyses of all metals were performed by flame atomic 
spectrometry using a Perkin Elmer 3030 atomic absorption 
spectrophotometer with digital read-out, deuterium lamp 
background correction, and automatic zero to compensate 
the blank. Settings were those recommended by the 
manufacturer. 

A standard curve was run with each analysis. A blank 
treated exactly as for the sample was also run with each 
batch of samples. Blanks were always of negligible values. 
The effect of interferences attributable to the matrix and 
the validity of the results were checked with the standard 
addition method. Recoveries were between 98 and 103% 
.The precision was confirmed by carrying out ten replicate 
analyses for three different samples. The coefficient of 
variation was less than 5% for all elements. Detection 
limits in µg g-1 (ppm) were 0.003 for Cd, 0.004 for Cr, 
0.007 for Co, 0.003 for Cu, 0.005 for Fe, 0.003 for Mn, 
0.008 for Ni, 0.005 for Pb and 0.002 for Zn. The AVOVA 
and Student's-t comparison tests have been used to 
compare the mean concentrations of heavy metals in 
different fishes and organs of these selected fish species. 
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3. Results 

The mean concentrations of metals (µg g-1 dry weight) 
in the muscles, livers, gonads, gills, and the stomachs of 
fish examined are summarized in Tables 1, 2, 3, 4, and 5, 
respectively. The analysis of variance showed that the 
mean concentrations of heavy metals among the organs of 
each fish species were significantly different (P<0.05), 
except for Cr in the three species, Fe in C. striatus, and Mg 
in Z. xanthurum (Table 6). In general, the muscles of fish 
examined contained lower mean concentrations of metals. 
Among species, however, there were no significant 
differences (P>0.05) in the mean concentrations of metals 
in muscles, except for Zn where the mean ranged from 
10.61 µg g-1 in S. ferrugineus to 21.38 µg g-1 in C. striatus. 
Similarly, there was a wide and significant difference in 
the mean concentrations of Zn among the livers of the 
three species, where it ranged from 82.78 µg g-1 in S. 
ferrugineus to 1512.57 µg g-1 in C. striatus. Moreover, 
there were significant differences in the means of Cd (1.86 
µg g-1 in S. ferrugineus to 10.86 µg g-1 in C. striatus) and 
Cu (9.91 µg g-1 in S. ferrugineus to 67.28-µg g-1 in Z. 
xanthurum) among the livers of these fishes. Among the 
gills of the examined fish species, significant differences 
were found in the mean concentrations of Mg and Mn.  

 
Table 1: Concentrations (Mean ± S.D µg g-1 dry weight) of metals 
in the muscles of three species of fish from the Gulf of Aqaba, 
Red Sea.  

Metal Ctenochaetus 
striatus 

Zebrasoma 
xanthurum 

Scarus 
ferrugineus 

Difference 
among 
species 

Cd 0.83±0.28 0.54±0.29 0.61±0.22 NS* 
Co 2.23±0.94 2.88±1.24 2.29±0.64 NS 
Cr 1.46±1.01 3.03±2.73 1.86±1.82 NS 
Cu 0.87±0.47 1.03±0.62 1.26±1.35 NS 
Fe 8.47±8.76 12.46±12.06 8.50±8.07 NS 
Mg 892±389 960±306 951±354 NS 
Mn 0.93±0.39 1.03±0.54 0.93±0.35 NS 
Ni 1.90±0.71 2.53±1.03 2.17±1.90 NS 
Pb 4.05±1.24 5.27±1.18 4.23±3.13 NS 
Zn 21.38±9.68 18.58±17.05 10.61±2.45 S** 
* NS: Not significant (P > 0.05); ** S: Significant (P < 0.05).  

 
Table 2: Concentrations (Mean ± S.D µg g-1 dry weight) of metals 
in the livers of the examined fish species from the Gulf of Aqaba, 
Red Sea. Abbreviations are as in Table 1  

Metal Ctenochaetus 
striatus 

Zebrasoma 
xanthurum 

Scarus 
ferrugineus 

Difference 
among 
species 

Cd 10.86±9.12 5.68±5.06 1.86±1.52 S 
Co  7.12±8.60 4.70±3.75 3.69±5.02 NS 
Cr  2.16±1.76 2.18±0.88 2.74±2.04 NS 
Cu  45.36±29.02 67.28±67.74 9.91±11.12 NS 
Fe  2087±1832 1575±1344 723±522 NS 
Mg  1163±1344 883±367 1059±1019 NS 
Mn  5.55±4.84 3.85±0.49 3.41±1.74 NS 
Ni  4.83±4.56 2.95±1.64 4.41±4.95 NS 
Pb  14.54±13.46 6.95±2.70 8.02±12.33 NS 
Zn  1512±897 222±227 82.78±66.72 S 

 

Table 3: Concentrations (Mean ± S.D µg g-1 dry weight) of metals 
in the gonads of the examined fish species from the Gulf of 
Aqaba, Red Sea. Abbreviations are as in Table 1. 

Metal Ctenochaetus 
striatus 

Zebrasoma* 
xanthurum 

Scarus 
ferrugineus 

Difference 
among 
species 

Cd 0.88±0.79 0.25 2.19±1.51 S 
Co  3.05±2.14 2.50 12.70±17.84 NS 
Cr  1.18±0.74 0.50 9.69±10.80 S 
Cu  3.10±0.92 2.00 7.08±4.97 S 
Fe  101.76±72.31 22.50 83.68±61.06 NS 
Mg  910±616 185 1267±1177 NS 
Mn  2.35±1.58 2.00 5.96±2.78 S 
Ni  3.52±4.41 1.50 4.76±2.63 NS 
Pb  3.63±1.68 2.50 11.53±14.64 NS 
Zn  243.60±183.28 155.00 506.22±227.2 S 
* only one specimen; ** difference between C. Striatus and S. 
ferrugineus  

 
Table 4: Concentrations (Mean ± S.D µg g-1 dry weight) of metals 
in the gills of the examined fish species from the Gulf of Aqaba, 
Red Sea. Abbreviations are as in Table 1  

Metal Ctenochaetus 
striatus 

Zebrasoma 
xanthurum 

Scarus 
ferrugineus 

Difference 
among 
species 

Cd 2.19 ± 0.54 2.21 ± 0.82 1.63 ± 0.57 NS 
Co  11.73 ± 3.30 10.76 ± 5.34 10.33 ± 4.42 NS 
Cr  4.41 ± 2.27 8.03 ± 7.92 5.39 ± 4.01 NS 
Cu  3.82 ± 1.47 3.65 ± 1.11 7.92 ± 0.52  NS 
Fe  105.79 ± 34.52 128.07 ± 74.26 173.93 ± 97.53 NS 
Mg  1050 ± 621  1037 ± 345 2115 ± 1335 S 
Mn  6.49 ± 1.91 7.46 ± 2.69 22.33± 6.73 S 
Ni  7.97 ± 2.78  6.99 ± 3.04 6.19 ± 2.59 NS 
Pb  19.47 ± 7.52 22.24 ± 13.19 14.41 ± 6.12 NS 
Zn  51.32± 21.11 46.63 ± 21.74 46.29 ± 15.33 NS 

 
Table 5: Concentrations (Mean ± S.D µg g-1 dry weight) of metals 
in the stomachs of the examined fish species from the Gulf of 
Aqaba, Red Sea. Abbreviations are as in Table 1  

Metal Ctenochaetus 
striatus 

Zebrasoma 
xanthurum 

Scarus 
ferrugineus 

Difference 
among 
species 

Cd 4.13 ± 2.34 2.95 ± 1.61 4.92 ± 3.86 NS 
Co  23.68 ± 13.32 16.00 ± 10.23 24.01 ± 19.68 NS 
Cr  9.06 ± 13.49 17.98 ± 16.39 17.29 ± 27.37 NS 
Cu  6.41± 2.51 11.43 ± 5.40 11.24 ± 6.13 S 
Fe  5150 ± 1123 2080 ± 1291 1431 ± 1785 NS 
Mg  5620 ± 2397  8409 ± 9584 5310 ± 1752 S 
Mn  45.73 ± 34.41 48.75 ± 39.96 27.87 ± 23.95 NS 
Ni  15.31 ± 9.34  13.75 ± 7.72 16.64 ± 14.58 NS 
Pb  41.32 ± 24.08 22.35 ± 20.70 14.41 ± 6.12 S 
Zn  91.76 ± 34.47 105.00 ±102.67 99.34 ± 22.73 NS 

 
The highest Mg mean concentration found was 2115 µg 

g-1 in the gills of S. ferrugineus and the lowest (1037 µg g-

1) in Z. xanthurum. Similarly, Mn was highest in S. 
ferrugineus (22.33 µg g-1) and the lowest in C. striatus 
(6.49 µg g-1). Among the stomachs of various species, 
there were significant differences in the mean 
concentrations of Mg, Cu, and Pb. The mean concentration 
of Mg ranged from 5310 µg g-1 in S. ferrugineus to 8409 
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µg g-1 in Z. xanthurum. The mean concentration of Cu 
ranged from 6.41 µg g-1 in C. striatus to 11.43-µg g-1 in Z. 
xanthurum, while Pb ranged from 14.41 µg g-1 in S. 
ferrugineus to 41.32 µg g-1 striatus. In gonads, there were 
significant differences (P< (0.05) student t-test) between 
the means of Cd (0.88 and 2.19 µg g-1), Cr (1.18  and 9.69 
µg g-1), Cu (3.10-7.08 µg g-1), Mn (2.35 and 5.96 µg g-1), 
and Zn (243.60 and 506.22 µg g-1) in C. striatus and S. 
ferrugineus, respectively. No comparison was made with 
the means of metals in the gonad of Z. xanthurum since 
only one specimen was analyzed. 

4. Discussion 

The concentration of heavy metals in teleost fishes may 
be affected by many variables most important of which 
are: species, body size, organ, and feeding habits (Cross et 
al., 1973; Eustace, 1974). The present work reveals 
significant differences of metal concentration among 
different organs of the same species, particularly the 
presence of lesser concentrations of metals in muscles than 
those in other organs examined. Similar conclusions were 
reported by other workers. Wahbeh and Mahasneh (1987) 
found lesser concentrations of metals in the muscles than 
those in the livers, gills, and gonads of six species of fish 

from the Gulf of Aqaba. Similarly, the muscles of 21 fish 
species from the Red Sea proper contained lesser metal 
concentrations than the livers (Hanna, 1989). Comparable 
lower metal concentrations were also found in the muscles 
than the livers of Chondrichthys fishes from North Atlantic 
(Windom et al., 1973). In experimentally contaminated 
perch, the muscles contained lesser concentration of Cd 
than other organs (Edgren and Notter, 1980). In general, 
the concentrations of the metals investigated in the three 
species were found to be comparable with those reported 
from other fishes (Wright, 1976; Denton & Burdon-Jones, 
1986; Miao et al., 2000; Rayment & Barry, 2000). 
Furthermore, the ranges of concentrations are either lower 
or within the ranges of the concentrations for these 
elements in fishes of the Red Sea (Hanna, 1989). Even the 
highest individual values of metal obtained for the muscle 
tissue in the present study are close to or within the range 
of those reported for many species in different 
environments (Table 7).  

By comparison, the concentrations of metals in the 
present study are generally lower than those reported by 
Wahbeh and Mahasneh (1987) for other species from the 
same study area in the Gulf of Aqaba. According to 
Zdanowicz et al. (1992), it is uncommon to find 
differences in metal levels between fish species.  

 
 

Table 6: Results of the analysis of variance comparing the mean concentrations of metals among the organs examined. DF, degrees of 
freedom; P, significance probability.  

Ctenocheatus straitus Zebrasoma xanthurum Scarus ferrugineus Total 
Metal 

DF P DF P DF P DF P 
Cd 4,41 < 0.01 4, 20 0.02 4, 25 < 0.01 4,96 < 0.01 
Co 4,41 < 0.01 4,17 0.01 4,22 0.02 4,90 < 0.01 
Cr 4,41 0.07 4,19 0.06 4,24 0.24 4,94 < 0.01 
Cu 4,41 < 0.01 4,20 < 0.01 4,25 0.04 4,96 < 0.01 
Fe 4,41 0.16 4,20 0.03 4,26 0.02 4,97 0.01 
Mg 4,41 < 0.01 4,20 0.06 4,26 < 0.01 4,97 < 0.01 
Mn 4,41 < 0.01 4,19 < 0.01 4,26 < 0.01 4,94 < 0.01 
Ni 4,41 < 0.01 4,19 < 0.01 4,24 0.01 4,94 < 0.01 
Pb 4,41 < 0.01 4,19 < 0.01 4,25 0.02 4, 95 < 0.01 
Zn 4,41 < 0.01 4,20 < 0.01 4,26 < 0.01 4, 97 < 0.01 

 
Table 7: Heavy metal levels (µg g-1 dry weight unless otherwise mentioned) in the muscles of fish examined from the Gulf of Aqaba, Jordan 
and other selected areas.  

Location/Reference Cd Co Cr Cu Fe Mn Ni Pb Zn 
Present study (mean) 0.66 2.47 2.12 1.05 9.81 0.96 2.20 4.52 16.86 
Gulf of Aqaba (1) 2.60 2.72 0.83 NM* 56.33 12.18 0.30 1.43 20.9 
Red Sea (2) 0.16-3.5 0.02-0.12 0.06-4.3 1.7-39.6 NM NM 0.20-7.0 0.05-1.3 8.4-195 
Mediterranean (3) 0.33 NM 2.1 3.8 NM NM 1.8 1.8 27.2 
North Atlantic (4) <0.1-2.1 NM NM 1.5-3.2 NM NM NM 0.5-1.0 8-20 
New S. Wales (5) 0.04 NM NM 0.04-0.87 NM NM NM 0.45-0.67 4.24-9.56 
North Carolina (6) NM NM NM 0.61 NM 0.22 NM NM 6.4 
South Pacific Ocean (7) 0.01-0.46 NM NM 0.11-2.65 NM NM NM 0.1-0.8 1.9-7.6 
North Pacific Ocean (8) 1.2-6.3 NM 7.5-24 14-125 NM NM NM 9.3-31.5 84-273 
Great Barrier Reef (9) <0.1 NM NM 0.47-2.40 NM NM NM NM 4.3-41.8 
* NM = Not Measured; (1) Wahbeh & Mahasneh, 1987; (2) Hanna, 1989; (3) Roth & Hornung, 1977; (4) Windom et al., 1973; (5) 
Bebbington et al., 1977; (6) Cross et al., 1973 (µg g-1 wet weight); (7) Powell et al., 1981 (mg kg-1 wet weight); (8) Miao et al. 2001; (9) 
Denton & Burdon- Jones, 1986. 
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The concentration of metals in the muscle tissues were 
generally low and within the ranges expected for metals in 
muscle of fish from relatively uncontaminated locations. 
Moreover, the values of these metals found in the 
examined fish species from the Gulf of Aqaba fall below 
the acceptable levels for human consumption 
recommended by FAO (1983) and WHO (1978, 1989, 
1993) which means that they do not pose a significant 
threat to the health of human consumers.  

Site-specific differences in metal concentrations 
contained in specific organ may be attributed to 
differences in the diet of the various fish species. Wahbeh 
and Mahasneh (1987) reported significant differences 
(P<0.05) in metal levels contained in the gills, muscles, 
livers, and gonads among six fish species from the Gulf of 
Aqaba. In the present work, two of the three species 
examined were detritus feeders and the third was an 
herbivorous fish feeding on algae growing on corals. There 
were no significant differences in metal concentrations 
among these species, except for Zn in the muscles, Zn, Cu, 
and Cd in the livers, Mg and Mn in the gills, and Cu, Mg, 
and Pb in the stomachs. These differences may also be 
partially related to feeding habits of the fish examined 
since the Zn, Cu, and Cd concentrations were lowest in the 
herbivorous fish. On the other hand, the concentrations of 
Mg and Mn were highest in the gills of herbivorous fish 
which indicates that other variables may affect the 
accumulation of metals, such as the rate of uptake and 
excretion (Cross et al., 1973; Stagg et al., 1982), chemical 
form of the metal (Bowen, 1966), and species (Murphy et 
al., 1978). Worth mentioning that the examination of the 
results of the present work showed no clear trends of 
increasing or decreasing of metal concentrations in the fish 
tissue with age and size. 

5. Results 

The results indicate that relatively high concentrations 
of heavy metals were found in liver and gill of the 
examined species. This is in agreement with previous 
reports (Mears and Eisler, 1977; Eisler, 1981; Hanna, 
1989; Al-Yousuf et al., 2000; Calni and Atli, 2003; 
Karadede et al., 2004). Thus, the liver and gill in fish are 
more often recommended as environmental indicator 
organs of environmental pollution than other fish organs. 
The results of the present study suggest the possibility of 
using these two organs, particularly the liver, as 
bioindicators of metals present in the surrounding 
environment. However, it is believed that monitoring of 
these species should be repeated on similar-sized 
populations on more occasions and over a longer period in 
order to establish if the results and associated correlations 
were sufficiently consistent and robust for monitoring 
purposes.  

6. Discussion  

The muscles, livers, gills, gonads, and stomachs of two 
detritus feeder and one herbivorous fish species collected 
from the Gulf of Aqaba were analyzed for nine heavy 
metals. The mean concentrations of heavy metals among 

the organs of fish examined were generally significantly 
different (P<0.05). Muscles contained lower metal 
concentrations than other organs. Comparing species, there 
was no significant difference in the mean concentration of 
metals in muscles, except Zn, which varied also among the 
livers of these species. Moreover, Cd and Cu means were 
significantly different among the livers. In gills, Mg and 
Mn means varied significantly. Similarly, Mg in addition 
to Cu and Pb varied among the stomachs of species 
examined. In gonads, there were significant differences 
between the means of Cd, Cr, Cu, Mn, and Zn in one of 
the detritus feeder fishes and the herbivorous fish. The 
concentration of metals in the muscle tissues were 
generally low and within the ranges expected for metals in 
muscle of fish from relatively uncontaminated locations. 
The ranges are generally lower or within the ranges of the 
concentrations for these elements in fishes of the Red Sea 
(Hanna, 1989). The values fall below the acceptable levels 
for human consumption recommended by FAO (1983) and 
WHO (1978, 1989, 1993) which means that they do not 
pose a significant threat to the health of human consumers. 
Relatively high concentrations of heavy metals were found 
in liver and gill of the examined species, which suggest the 
possibility of using these two organs, particularly the liver, 
as bioindicators of metals present in the surrounding 
environment. 

Acknowledgement 

This work was financed by the Deanship of Scientific 
Research, Yarmouk University, and Marine Science 
Station (University of Jordan and Yarmouk University) 
Aqaba, Jordan. 

References 

[1] Ababneh T. 2004. Temporal distribution of heavy metals in 
the mussel Modiolus auriculatus at an industrial site on the 
Jordanian Coast of the Gulf of Aqaba; Indicator of the sea 
water environmental quality. Master Thesis. Yarmouk 
University. Jordan 

[2] Abu-Hilal AH. 1987. Distribution of trace elements in near 
shore surface sediments from the Jordan Gulf of Aqaba (Red 
Sea). Mar. Pollut. Bull. 18:190-193. 

[3] Abu-Hilal AH. 1993. Observations on heavy metal 
geochemical association in marine sediments of the Jordan 
Gulf of Aqaba. Mar. Pollut. Bull. 26: 85-90.  

[4] Abu-Hilal AH. 1999. Environmental issues in the Gulf of 
Aqaba: A Jordan perspective. In: Griffith, D.N (Ed) Marsaf 
99 Proceedings. Martime Safety Colloquium 1999. The 
Canadian Coast Guard College, Sydney, Nova Scotia 
BIPGLI. CANADA. Topic 12: 1-8. 

[5] Abu-Hilal AH & Badran MI. 1990. Effect of pollution 
sources on metal concentration in sediment cores from the 
Gulf of Aqaba (Red Sea). Mar. Pollut. Bull. 21: 190-197.  

[6] Abu-Hilal AH, Badran M & Vangelis J. 1988. Redistribution 
of trace elements in Callichirus laurae burrows (Crustacea, 
Thalassinidea), Jordan Gulf of Aqaba (Red Sea). Mar. 
Environ. Res. 25: 233-248.  

[7] Abu- Kharma YM. 2006. Algae and sea grass as 
bioindicators for trace metal pollution along the Jordanian 
Coast of the Gulf of Aqaba. Master Thesis. Yarmouk 
University. Irbid, Jordan. 



 © 2008 Jordan Journal of Biological Sciences. All rights reserved - Volume 1, Number 2 66 

[8] Al- Batainh B. 2004. Heavy metals accumulation in mussels 
along the Jordanian coast of the Gulf of Aqaba. Master 
Thesis. Yarmouk University. Irbid, Jordan. 

[9] Al- Shloul R. 2006. Metal contents of recent and fossil 
corals: First record from the Jordanian Gulf of Aqaba, Red 
Sea. Master Thesis. Yarmouk University. Irbid, Jordan. 

[10] Al-Tarabeen MS. 2006. Heavy metal concentration in the 
living and non-living components of scleractinian corals: 
possible index for marine pollution from the northern Gulf of 
Aqaba, Jordan. Master Thesis. Jordan University of Science 
and Technology. Irbid, Jordan. 

[11] AL-Yousuf MH, El-Shahawi MS, & Al-Ghais SM. 2000. 
Trace metals in liver, skin, and muscle of Lethreus lentjan 
fish species in relation to body length and sex. Sci. Total 
Environ. 256: 87-94.  

[12] Bani-Fawaz JM. 2006. Phytoplankton as possible 
bioindicators of trace metals in the Gulf of Aqaba, Red Sea. 
Master Thesis. Yarmouk University. Jordan. 

[13] Bebbington GN, Mackay NJ, Chvojka R, Williams RJ, Dunn 
A & Auty EH. 1977. Heavy metals, selenium and arsenic in 
nine species of Australian commercial fish. Aust. J. Mar. 
Freshwater Res. 28:277-286. 

[14] Bowen HIM. 1966. Trace Elements In: Biochemistry. 
Academic Press, London. 

[15] Cross FA, Hardy LH, Jones NY & Barber RT. 1973. Relation 
between total body weight and concentrations of manganese, 
iron, copper, zinc, and mercury in white muscle of bluefish 
(Pomatums saltatrix) and a bathy- demersal fish Antimora 
rostrata. J. Fish. Res. Boar. Can., 30: 1287-1291. 

[16] Denton GRW & Burdon-Jones C. 1986. Trace metals in fish 
from the Great Barrier Reef. Mar. Pollut. Bull. 17: 201-209. 

[17] Edgren M & Notter M. 1980. Cadmium uptake by fingerlings 
of perch (Perca f1uviatilis) studied by Cd-115m at two 
different temperatures. Bull. Environ. Contamin. Toxicol. 24: 
647-651. 

[18] Eisler R. 1981. Trace Metals in Marine Organisms. 
Pergamon Press, Oxford, UK. 

[19] Mears HC & Eisler R. 1977. Trace metals in liver from blue 
fish, Tautog and Tilefish in relation to body length. 
Chesapeake Sci. 18: 315-325. 

[20] Eustace IJ. 1974. Zinc, cadmium, copper and manganese in 
species of finfish and shellfish caught in the Derwent 
Estuary, Tasmania. Aust. J. Mar. Fresh. Res. 25: 209-220. 

[21] FAO. 1983. Compilation of legal limits for hazardous 
substances in fish and fishery products. FAO Fish Circ. 464: 
5-100. 

[22] FAO/SIDA .1983. Manual of Methods in Aquatic 
Environment Research. Part 9. Analyses of Metals and Organ 
chlorines in Fish. FAO Fish. Tech. Pap. 212: 33. 

[23] FAO/WHO. 1989. Evaluation of certain food additives and 
the contaminants mercury, lead and cadmium. WHO 
Technical Report Series No. 505. 

[24] Hanna RGM. 1989. Levels of heavy metals in some Red Sea 
fish before Hot Brine pools’ mining. Mar. Pollut. Bull. 20: 
631-635. 

[25] Karadede H, Oymak SA & Ünlü E. 2004. Heavy metals in 
mullet, Liza abu, and catfish, Silurus triostegus, from the 
Atatürk Dam Lake, Turkey. Environ. Intern. 30: 183-188. 
  

[26] Miao X –S, Woodward LA, Swenson C & Li QX. 2001. 
Comparative concentrations of metals in marine species from 
French Frigate Shoals, North Pacific Ocean. Mar. Pollut. 
Bull. 42: 1049-1054. 

[27] Murphy BR, Atchinson GJ, McIntosh AW & Kolar DJ. 1978. 
Cadmium and zinc content of fish from an industrial 
contaminated lake. J. Fish. Res. Boar. Can. 13:327-332. 

[28] Powell JH, Powell RE & Fielder DR. (1981). Trace element 
concentrations in tropical marine fish at Bougainville Island, 
Papua New Guinea. Water, Air, Soil Pollut. 16: 143-158. 

[29] Rayment GE & Barry GA. 2000. Indicator tissues of heavy 
metal monitoring- Additional attributes. Mar. Pollut. Bull. 
41: 353-358. 

[30] Roth I & Hornung H. 1977. Heavy metal concentrations in 
water, sediments, and fish from Mediterranean coastal area, 
Israel. Environ. Sci. Tech. 11: 265-269. 

[31] RSMPP 2003. Red Sea Marine Peace Park Cooperative 
Research, Monitoring and Management Program Final 
Report – Phase 1. USAID, NOAA, ASEZA,MSS, INPA, IUI. 
Aqaba, 2003. p 115. 

[32] Stagg RM & Shuttle TJ. 1982. The accumulation of copper in 
Platichthys flesus L. and its effects on plasma electrolyte 
concentrations. J. Fish Biol. 20: 491-497. 

[33] Wahbeh MI. 1984. Levels of zinc, manganese, magnesium, 
iron and cadmium in three species of sea grasses from Aqaba 
(Jordan). Aquat. Bot. 20: 179-183.  

[34] Wahbeh MI. 1985. Levels of zinc, iron, magnesium and 
cadmium in the tissue of fish from Aqaba, Jordan. Dirasat 12: 
35-42. 

[35] Wahbeh MI & Mahasneh DM. 1987. Concentrations of 
metals in the tissues of six species of fish from Aqaba, 
Jordan. Dirasat 14: 119-129. 

[36] Wahbeh MI, Mahasneh DM & Mahasneh I. 1985. 
Concentrations of zinc, manganese, copper, cadmium, 
magnesium and iron in ten species of algae and seawater 
from Aqaba, Jordan. Mar. Environ. Res. 16: 95-102. 

[37] WHO.1978. Evaluation of certain food additives and the 
contaminants. WHO Technical Report Series 631. WHO, 
Geneva. 

[38] WHO.1989. Evaluation of certain food additives and the 
contaminants. WHO Technical Report Series 776. WHO, 
Geneva. 

[39] WHO.1993. 41st Report of the Joint Expert Committee on 
Food Additives (JEFCA). 

[40] Windom H, Stickney R, Smith R, White D & Taylor F. 1973. 
Arsenic, cadmium, copper, mercury, and zinc in some 
species of North Atlantic finfish. J. Fish. Res. Boar. Can. 30: 
275-279. 

[41] Wright DA. 1976. Heavy metals in animals from the 
northeast coast. Mar. Pollut. Bull. 7: 36-38. 

[42] Zdanowicz VS, Finneran TW, & Leimborg E. 1992. Trace 
metals in midwater fish. Second Annual Report on 
Monitoring the Biological effects of Sludge Dumping at the 
106-mile Dumpsite, December, 1992. NOAA, pp 20-32 

 
 
 
 
 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


