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According to dry weight basis analysis, the lowest heavy metal level was generally detected in the muscle and 
the highest amount was determined in the intestine in both bays. Although the results of Iskenderun bay were 
higher than Antalya bay. When the heavy metal levels in the muscle are compared with the national and 
international standards, it was indicated that the metal concentrations were below the permissible limits. From 
this aspect, Iskenderun and Antalya bays do not contain adequate amounts of heavy metal to cause pollution. 
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Introduction 
Heavy metal pollution is an important factor 

which reduces the quality of water and sediment, 
and fish health can be negatively affected by this. 
Because the heavy metals do not undergo 
decomposition and they lead acute and/or chronic 
toxic effects on the organisms by accumulating in 
their metabolisms44. Thus, the heavy metal 
discharging to the aquatic ecosystems can be 
seriously hazardous on both ecosystems and 
organisms living in these ecosystems30. For 
instance, Cd causes to change the structure of the 
gills, to damage to the neural functions, 
nephrotoxicity, and to inhibit the growth in the 
fish52. As for Hg, it exists as methyl mercury in 
the fish muscle and leads to effect negatively to 
the central nervous system and kidneys especially 
during the development31. When the fish exposed 
to the heavy metals are consumed by human who 
are in the top of the food chain, human can affect 
directly or indirectly with this pollution. For 
example, Itai-Itai disease occurred when humans 
consumed the fish, rice, and mollusks exposed to 
Cd pollution from discharges of a mining plant in 
Fugawa, Japan, in 19557. 

The heavy metals are commonly defined as 
more than 5 g/cm3 density elements16. For this 
reason, they sink themselves and with particles to 
the sediment11. Therefore, it can be expected that 
the sediment contains more heavy metal amounts 
than the water column4,9,17&23. For this reason, as 
common guitarfish (Rhinobatosrhinobatos) 

spends most of his time under the sediment, it was 
selected for the study. Thus, after determining the 
heavy metal contents in the tissues, the assessment 
of the possible dimensions of the heavy metal 
contamination in Iskenderun and Antalya bays 
was targeted by taking into account national and 
international standards. 

 
Materials and Methods 

The study was conducted in Iskenderun and 
Antalya bays between March 2007 and October 
2007 (Figure 1). Common guitarfish 
(RhinobatosrhinobatosL., 1758) belonged to 
Rhinobatidae family from the cartilaginous fishes 
was preferred as the fish material by hunting 
operations from the bays. Some reasons such as 
being common guitarfish a benthic species, 
spending his most of the time under the sediment 
by burrowing12,13&50, and feeding on the pollution 
representing foods such as mollusks and mussels51 
led common guitarfish to choose and assess the 
heavy metal pollution in the bays. 

21 common guitarfishes from Iskenderun Bay 
between March 2007 and April 2007 and 20 
guitarfishes from Antalya Bay between September 
2007 and October 2007 were caught by means of 
bottom trawling and long-line fishing.  Fish 
samples brought to the laboratory, were weighed 
and their heights were measured. The mean 
heights andweights of fish samples of both bays 
were found 64.6 ± 2.12 cm, 54.5 ± 3.66 cm, 833.0 
± 96.6 g, and 588.0 ± 132.0 g, respectively. 
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Muscle, liver, gonad, gill, and intestine tissues 
were removed carefully from each fish sample 
using sterile dissection tools for the  

 

 

Figure 1-Antalya and Iskenderun bays 

 
analysis. Removed tissues were labeled by 
weighing to be the range between 0.5 g and 1 g 
and dried up in the incubator under 105˚C 
throughout 48 hours. Dried samples were put in to 
the conical flask and extracted by adding on them 
analytical quality of concentrated sulfuric and 
nitric acids to solve the samples46. Extracting of 
the samples were provided via extraction process.  
Samples were heated on the flat heater in the 
flume hood in order to have better and faster 

solving and clearing. After the extracting of 
samples, they were cooled, and were filtrated by 
using 589/3 Ø100 blue-band filter paper. After the 
process, ionized water was added on the samples 
up to 25 ml28. Thus, the samples were prepared to 
be analysis.  Heavy metal concentrations within 
the samples were determined by using ICP-AES 
Variant Liberty Series-2, Mulgrave, Victoria, 
Australia. Accuracy and controlling of the device 
in terms of ICP results were assured with Standard 
Reference Substance (Dorm-2, Shark muscle).  

While t-test was used to determine the 
differences of the accumulation of the heavy 
metals for the bays, One Way ANOVA was used 
to specify the discrepancies for the tissues. One 
Way ANOVA Post Hoc Test (Tukey) was applied 
to determine the statistical importance of the 
discrepancies. Correlations between the 
accumulations of the heavy metals were evaluated 
with Pearson Correlation Coefficient (R). SPSS 
13.0 computer software program was used for the 
all statistical calculations.  

 
Results and Discussion 
Heavy metal bioaccumulation  

The heavy metal accumulation results in the 
muscle, liver, gill, gonad, and intestine of the 
common guitarfish caught from Iskenderun and 
Antalya bays were presented in the Table 1. 

 
Table 1-The heavy metal contents of common guitarfish in terms of the bays and tissues (mg/kg dry weight) 

 Muscle Liver Gill Gonad Intestine 

Cd 
İsk. 0.07±0.00b 0.20±0.06bA 0.13±0.06b 0.16±0.06b 0.50±0.12a 
Ant. 0.06±0.01 0.08±0.01B 0.26±0.11 0.30±0.12 0.34±0.11 

Co 
İsk. 0.09±0.02b 0.31±0.03a 0.12±0.02b 0.10±0.02b 0.14±0.03b 
Ant. 0.10±0.02 0.17±0.02 0.14±0.02 0.12±0.02 0.13±0.02 

Cr 
İsk. 0.39±0.05bA 0.50±0.10ab 0.40±0.07b 0.39±0.06b 0.75±0.17a 
Ant. 0.22±0.04B 0.51±0.10 0.31±0.05 0.49±0.14 0.43±0.06 

Cu 
İsk. 1.54±0.25bA 3.81±0.51b 1.51±0.09bA 1.76±0.17b 7.46±0.17aA 
Ant. 1.39±0.23B 3.14±0.84 1.14±0.09B 3.09±0.67 2.63±0.52B 

Fe 
İsk. 50.8±5.75b 99.4±4.92b 74.4±6.77bA 65.0±8.61b 221.0±42.7aA 
Ant. 41.9±5.10b 76.5±10.7ab 48.9±6.58bB 98.6±17.5a 110.0±22.7aB 

Mn 
İsk. 0.68±0.16b 1.74±0.22b 2.01±0.20bA 0.90±0.24b 5.20±1.14a 
Ant. 0.76±0.18b 2.04±0.42ab 1.02±0.29bB 1.08±0.24b 3.25±1.01a 

Ni 
İsk. 0.96±0.12b 1.79±0.49b 1.44±0.53b 1.17±0.26b 3.75±1.05a 
Ant. 0.56±0.17 0.93±0.17 0.74±0.11 0.98±0.11 1.36±0.53 

Pb 
İsk. 0.43±0.07 0.72±0.12 0.59±0.10 0.61±0.11 0.68±0.09A 
Ant. 0.59±0.10b 1.01±0.10a 0.93±0.16ab 0.68±0.09ab 1.06±0.11aB 

Zn 
İsk. 9.94±1.13b 16.3±1.92b 16.6±2.40bA 26.5±4.08a 18.2±1.43bA 
Ant. 11.3±1.88b 15.6±1.85a 7.31±0.69bB 24.2±3.66a 29.9±3.26aB 

*Different small letters show the importance of average rates on the same line and capital letters do it in the same column. 
 

The lowest Cd amounts (0.06 and 0.07 mg/kg) 
and the highest (0.34 and 0.50 mg/kg) were found 
in the muscle and intestine, respectively. 
Discrepancies between the tissues were, however, 
determined important only in the Iskenderun Bay.  
significant results between the bays were derived 
from the liver samples. 

 Lowest Co amounts (0.09 and 0.10 mg/kg) 
and the highest (0.31 and 0.17 mg/kg) were found 
in the muscle and intestine, respectively.  
Discrepancies between Co contents were, 
however, determined important only in the 
Iskenderun Bay and the discrepancy was derived 
from the liver samples. 
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While the lowest Cr values (0.39 and 0.22 
mg/kg) were determined in the muscle in both 
bays, the highest results were came across as 0.75 
mg/kg in the intestine in Iskenderun and 0.51 
mg/kg in the liver in Antalya. Discrepancies 
between Co contents were, however, determined 
important only in the Iskenderun Bay and the 
discrepancy was derived from the intestine 
samples. While differences between the tissues 
obtained samples from Antalya were not 
important, the significant results between the bays 
were derived from the muscle samples. 

Copper content in the intestine was important 
only in the sample of Iskenderun. While the 
lowest Cu ratios (1.14 and 1.51 mg/kg) were 
determined in the gill in both bays, the highest 
results were came across as 7.46 mg/kg in the 
intestine in Iskenderun and 3.14 mg/kg in the liver 
in Antalya. The difference between the bays was 
found significant for muscle, gill, and intestine. 

The lowest Fe amounts (41.9 and 50.8 mg/kg) 
and the highest (110.0 and 221.0 mg/kg) were 
found in the muscle and intestine, respectively. 
Discrepancies between the tissues were 
determined important in both Iskenderun and 
Antalya bays. While mean values of Fe of the gill 
and intestine samples were significant according 
to the bays, this was not important for the others. 

The lowest Mn amounts (0.68 and 0.76 mg/kg) 
and the highest (3.25 and 5.20 mg/kg) were found 
in the muscle and intestine, respectively.  Contents 
of the intestine were caused the differences 

between the tissues to be important, while the gill 
samples were led the discrepancies between the 
bays to be significant. 

The lowest Ni amounts (0.56 and 0.96 mg/kg) 
and the highest (1.36 and 3.75 mg/kg) were found 
in the muscle and intestine, respectively. 
Discrepancies between the tissues were, however, 
determined important only in the Iskenderun Bay.  
Discrepancy was derived from Ni contents of the 
intestine. 

While the lowest Pb values (0.43 and 0.59 
mg/kg) were determined in the muscle in both 
bays, the highest results were came across as 0.72 
mg/kg in the liver in Iskenderun and 1.06 mg/kg 
in the intestine in Antalya. According to the 
assessment of the bays, the differences between 
the contents of the intestine were found important. 

The discrepancies between the Zn contents of 
the tissues were significant for both Iskenderun 
and Antalya. The contents of Zn of the tissues 
were significant only in the contents of the gill, 
and intestine between the bays. While the highest 
Zn amounts were determined as 26.5 mg/kg in 
gonad samples in Iskenderun and 29.9 mg/kg in 
the intestine in Antalya, the lowest results were 
found as 7.31 mg/kg in the muscle in Iskenderun 
and 9.94 mg/kg in the gill in Antalya. 

 
Correlations between the heavy metal contents 

Correlations between the contents of the heavy 
metal were examined in the study and important 
ones of them were given in the Table 2. 

 
Table 2-Important correlations of heavy metal contents among different tissues 

Correlations 
Pearson Correlation  
Co-efficiency (R) 

Importance (P) 

Cd   
Liver &Intestine Content 0.43* 0.016 

Cr   
Liver &Intestine Content 0.53** 0.002 

Cu   
Liver &Intestine Content -0.35* 0.047 

Muscles &Gill 0.59** 0.000 
Muscles &Intestine Content 0.39* 0.044 

Gill &Intestine Content 0.41* 0.020 
Gonad &Intestine Content 0.74** 0.000 

Muscles & Gonad 0.47* 0.016 
Mn   

Muscles & Liver -0.46* 0.017 
Muscles &Intestine Content 0.40* 0.043 

Ni   
Liver & Gonad 0.38* 0.026 

Pb   
Muscles & Liver -0.45* 0.022 

Zn   
Muscles & Liver 0.44* 0.023 

Liver &Intestine Content 0.43* 0.016 
Gill &Intestine Content -0.40* 0.026 

Correlations signed with “*”are important at 0.05 and the ones signed with “**” are important at 0.01 
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As can be seen in the table, significant 
correlations between the content of liver and 
intestine in point of Cd and Cu; the content of the 
muscle and gill, muscle and intestine, gill and 
intestine, gonad and intestine, and muscle and 
gonad in respect to Cu; the content of the muscle 
and liver, and muscle and intestine with regard to 
Mn; the content of the muscle and liver, liver and 
intestine, and gill and intestine in the way of Zn 
were determined. Among these correlations, 
while the content of the liver and intestine in 
point of Cu, the content of the muscle and liver in 
point of Mn and Pb, and the content of the gill 
and intestine in respect to Zn were found 
negative, the others were determined positive. 

When heavy metal concentrations for each 
tissue were compared with the other studies 
(Table 3), the Cd and Cu concentrations measured 
for three ray species by Zauke53 in the muscle 
tissue were similar with this study. Nickel and Pb 
ratios were lower and Zn levels were greater. 
Asente2 found higher Cd, Cr, Cu, Mn, and Zn 
concentrations in the muscle of Raja kenojei and 
Raja kwangtungensis, while Co and Pb 
measurements were lower than the present study. 
As for Acipenserruthenus, Jaric15 obtained greater 
Cd and Zn, while Cu and Fe were lower than this 
study in the muscle tissue. When compared with 
the present study, Turkmen41 found similar results 
in the six ray species except for Cu. Copper levels 
were lower. Turkmen42 also obtained similar 
results except for Fe. 

In terms of liver tissue; Zauke53 ascertained 
distinct results. The Cd, Cu, and Zn were higher 
and Ni and Pb were lower than this study. 
Similarly measurements from two ray species3 
were different from the present study. While Cu 
concentrations were similar with this study, Ni 
was higher and Cd, Cr, Pb, and Zn values lower. 
Jaric15 found out higher Cd, Cu, Fe, and Zn, while 
Ni was lower than this study for 
Acipenserruthenus. On the other hand, 
measurements of Cr, Fe, Ni, Pb, and Zn levels for 
six ray species were greater and Cu was lower 
than the present study and Cd and Co results were 
similar41. For seven ray species, Turkmen42 
measured higher Fe, Mn, Ni, and Pb 
concentrations and lower Zn levels, while Cd, Co, 
Cr, and Cu were similar. 

When the results of gill tissue compared with 
the other studies, it was determined that all heavy 
metal concentrations found by Canli and Atli5 
were higher than the present study. Jaric15 
ascertained greater Cu, Fe, and Zn levels, while 
Cd and Ni ratios were lower than this study. 
Measurements from the seven shark species48were 
different from the present study. The Cd ratios 

were higher and Fe and Mn levels lower than this 
study, while Cu, Ni, and Pb concentrations were 
similar. On the other hand, Turkmen41found out 
similar results for all heavy metals for six ray 
species. Turkmen42 obtained higher Cu and Ni 
values and lower Cu than the present study, while 
Co, Cr, Fe, Mn, Ni, Pb, and Zn levels were 
similar. 

As for intestine tissue; it was found out that Cu 
and Zn levels for Acipenserruthenus were higher 
and Cd and Ni lower than the present study, while 
Fe ratios were similar15. Measurements from the 
six ray species41 were similar with this study 
except for Cd and Co. the Cd and Co levels were 
greater. Turkmen42 found higher Co and lower Cd 
and Cu results than the present study, while Cr, 
Fe, Mn, Ni, Pb, and Zn concentrations were 
similar. For four deep-sea shark species, 
Hornung14 found out greater Cd, Cu, and Zn and 
lower Fe and Mn levels.  

When gonad tissue results compared with the 
other studies, Vas48 found higher Ni and lower Cd 
and Fe than the present study, while Cu, Mn, and 
Pb were similar. Measurements from five fish 
species21 were lower for Cd and Pb levels than 
this study. The Cu concentrations were similar. It 
was determined that all heavy metal levels for 
four deep-sea shark species were lower than the 
present study14. For Mustelusmustelus, Storelli33 
ascertained greater Cu and Ni, while Cd, Cr, Pb, 
and Zn were lower than this study. 

Iron concentration was found the highest in the 
investigated tissues in the bays. Following Fe, Zn 
was the second highest element. After these two 
metals, Cu, Mn, and Co amounts were determined 
higher than the others. Due to the fact that these 
five elements are essential for the 
metabolism1,6,18,20,43&45, they remain in the tissues 
to use in metabolic activities. Therefore their roles 
in the metabolism can be led to obtain higher 
results than Pb, Ni, Cr, and Cd. On the other 
hand, Pb, Ni, Cr, and Cd are the non-essential 
elements and hazardous to the aquatic organism 
even in trace concentrations. Although they do 
not need in the metabolic activities, they are 
generally got into the body by way of diffusion, 
active transport, and endocytosis29 and 
accumulate in the tissues via transporting with 
blood. Due to their ability passing through the 
membrane systems, these results could be found. 
There are many studies19,27,32,34,3637,38,39&40 
conducted in the Mediterranean Region including 
Iskenderun and Antalya bays and similar results 
were also obtained in these studies. 

In general, some differences in the metal 
concentrations of some tissues were observed 
between the bays. All significant results in metal 
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and tissues were higher in the samples obtained 
from Iskenderun than Antalya. As mentioned 
previously, the discrepancies between the 
pollutants of the bays such as the existence of the 
iron and steel factory andtwo pipe line terminals 
and very few rivers inputs to Iskenderun Bay, 
comparison to Iskenderun, the existence of more 
tourism and agricultural activities,the lack of 
treatment plant in the marina and many 
freshwater inputs to Antalya Bay may lead to get 
higher results in the Iskenderun Bay. 
The highest heavy metal amounts among the 
tissues were determined in the intestine. The 
digestion system of the fish begins with mouth 
and swallow. After the nutrients pass through the 
mouth and swallow, they are transported to the 
gastrointestinal region and are excreted from the 
body. Additionally, marine fishes drink 
considerable amounts of seawater to keep their 
osmatic pressure in balance24. As drunken water 
passes through the digestion system, it can be 
thought that the fishes extract the heavy metals 
directly from seawater. The nutrients taken into 
the body via diffusion, active transport, and 
endocytosis by epithelial cells located on the 
pyloric cecum which increased the absorption 
surface of the intestine are transmitted to the 
tissues by means of blood to maintain the 
metabolicactivities. When epithelial cells expose 
to the heavy metals, a mucus layer in which the 
heavy metals are restrained and leads to decrease 
the absorption of them occurs surface of 
thecells24. Pärt and Lock25 were expressed that 
approximately 95% of Cd into the intestine were 
held on to this mucus layer and also this mucus 
layer was acted as a protector to decrease the 
availability of the organic Hg. Keeping the 
majority of the heavy metal amounts into the 
mucus layer and the existence of undigested foods 
in the intestine may lead to obtain high 
accumulation in the intestine. 

The heavy metal amounts in the liver and 
gonad were remarkably lower than the intestine. 
One reason may be that keeping the heavy metals 
into the mucus layer occurred surface of the 
epithelial cells and thus the very few amounts of 
the metals were transmitted to both tissues. On 
the other hand, metal-binding proteins such as 
metallothionein (MT) which pass the metals 
through the plasma membrane serve to regulate 
the intracellular essential metal levels. The main 
function of MT is to bind the metals. MT hereby 
detoxifies the metals by binding the free ions and 
thereby making them less available for interaction 
with sensitive biomolecules24. Because the metals 
cannot be metabolized themselves and are only 
excreted from the body. The acting of metal-

binding proteins into the metabolism may cause 
to gain lower results in both liver and gonad. 

As a respiratory tissue, the gills take up mainly 
dissolved oxygen from seawater into the body. 
Additionally, they play roles in osmoregulation, 
acid-base regulation, and taking or excreting of 
some ions and nitrogenous substances10&24. The 
gills are the major target for metal toxicity due to 
passing the water continuously through this area. 
Because the water contains lower dissolved 
oxygen than in air and a fish has to move 
approximately 20 liters of water across the gills to 
extract the same amounts of oxygen in 
comparison with mammals. Mammals can obtain 
same amounts of oxygen from 1 liter of air24. It 
means that the gills are exposed to large quantities 
of metals.  Surface of the gills is covered 
primarily by epithelial membranes both consist of 
rich in phospholipids and including mucus layer49. 
It is probable that obtained low heavy metal 
concentrations in the gills may have been caused 
by this mucus layer and metal-binding proteins. 
As a matter of fact, Cogun and Sahin8 were 
stressed in their studies in which they investigated 
the effect of zeolite on the accumulation of Pb in 
some tissues including the gills of 
Oreochromisniloticus that there was no death 
under the some concentrations of Pb and 
Pb+zeolite and the reason for this was that the 
metabolism was slowed down by metal-binding 
proteins in which were rich in cysteine and had 
low molecular weight such as MT by binding the 
metals to the glutathione. In other words, the 
metabolism improves new mechanisms for 
adapting the conditions. On the other hand, the 
heavy metal contents of the gills indicate the 
heavy metal concentrations in that region and the 
heavy metal contents of the liver show the 
accumulation of the heavy metals in the fish26. 
Therefore, unlike the accumulation, the heavy 
metal amounts in the gills may probably present 
the heavy metal amounts in the bays. 

The heavy metal concentrations were found 
the lowest in the muscle. Muscles are very 
important tissues in terms of the function; they 
play active roles in moving of fish, controlling the 
bloodstream and also providing the movement of 
the foods by the peristaltic contractions of the 
muscles8. Such these functions of the muscles in 
the metabolism rather than as a storage may lead 
to get the lowest results. Storelli and 
Marcotrigiano32 found similar results and 
suggested the reason of this that he liver acted as 
storage rather than the muscle. 

 Some important correlations between the 
heavy metals were observed in the study. As 
mentioned above, some functional differences 
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between the tissues such as providing movement 
and bloodstream by the muscles, taking up the 
dissolved oxygen and regulating ion exchanges 
and osmoregulation by the gills, controlling the 
taking and excreting of the nutrients in the 
digestion system by the intestine, and some 
different behavior and movements of the metals 
such as the existence of epithelial cells in the gills 
and intestines, on the contrary, containing more 
metal-binding proteins such as MT of the liver 
than the other tissues may cause to occur positive 
or negative important correlations between 
themetals and tissues. 
 
Conclusion  
In the study, between March 2007 and October 
2007, 21 common guitarfishes 
(Rhinobatosrhinobatos) from Iskenderun Bay and 
20 common guitarfishes from Antalya Bay were 
caught and the accumulation of the heavy metals 
in thetissues was investigated. When the heavy 
metal levels in the muscle are compared with the 
national and international standards22&35, it was 
indicated thatthe metal concentrations were below 
the permissible limits. Therefore, as a result, it is 
mentioned that the pollution in the bays was not 
hazardous on the ecosystems. 

 
Acknowledgements  

Authors are grateful to TUBITAK for 
financial support (Project No:106Y210). 

 
References  

1 Agah, H., Leemakers, M., Elskens, M., Fatemi, 
S.M.R.&Baeyens, W., Accumulation of trace metals in 
the muscle and liver tissues of five species from the 
Persian Gulf. Environ. Monit. Assess., 157(2009) 499-
514. 

2 Asante, K. A., Agusa, T., Mochizuki, H., Ramu, K., 
Inoue, S., Kubodera, T., Kubodera, S., Subramanian, 
A.& Tanabe, S., Trace elements and stable isotopes (δ 13 
C and δ 15 N) in shallow and deep-water organisms from 
the East China Sea. Environmental pollution, 
156(3)(2008) 862-873. 

3 Barone, G., Giacominelli-Stuffler, R.&Storelli, M. M., 
Comparative study on trace metal accumulation in the 
liver of two fish species (Torpedinidae): Concentration–
size relationship. Ecotoxicology and environmental 
safety, 97(2013) 73-77. 

4 Boran, M. &Altinok, I., A review of heavy metals in 
water, sediment and living organisms in the Black Sea. 
Turkish J. Fisheries and Aquatic Sciences, 10(2010) 565-
572. 

5 Canli, M.&Atli, G., The relationships between heavy 
metal (Cd, Cr, Cu, Fe, Pb, Zn) levels and the size of six 
Mediterranean fish species, Environmental Pollution, 
121(2003) 129-136. 

6 Cevik, U., Damla, N., Kobya, A.I., Bulut, V.N., Duran, 
C., Dalgic, G.&Bozaci, R., Assessment of metal element 
concentrations in mussel (M. Galloprovincialis) in 

eastern Black Sea, Turkey. J.Hazardous Materials, 
160(2008) 396-401. 

7 Chen, Y.,& Chen, M., Heavy metal concentrations in 
nine species of fishes caught in coastal waters off Ann-
Ping, S.W. Taiwan. J. Food Drug Analysis, 9(2)(2001) 
107-114. 

8 Cogun, S.&Sahin, M., Nil Tilapia 
(OreochromisniloticusLinnaeus,1758)’da 
KurşunToksisitesininAzaltılmasındaZeolitinEtkisi. 
Kafkas Univ. Vet. Fak. Derg., 18(1)(2012) 135-140. 

9 Cuong, D.T., Karuppiah, S.&Obbard, J.F., Distribution 
of heavy metals in the dissolved and suspended phase of 
the sea-surface microlayer, seawater column and in 
sediments of Singapore’s coastal environment. Environ. 
Monit. Assess., 138(2008) 255-272. 

10 Demir N, Ihtiyoloji,(4. Ed). (Nobel YayinDagitim, 
Ankara) 2009, pp. 422. 

11 Ergul, H.A., Topcuoglu, S., Olmez, E.&Kirbasoglu, C., 
Heavy metals in sinking particles and bottom sediments 
from the eastern Turkish coast of the Black Sea. 
Estuarine, Coastal and Shelf Science, 78(2008) 396-402. 

12 Farrugia, T.J., Espinoza, M., Lowe& C.G., Abundance, 
habitat use and movement patterns of the shovelnose 
guitarfish (Rhinobatosproducts) in a restored southern 
California estuary. Marine and Freshwater Research, 
62(2011) 648-657. 

13 Frisk G M, Life history strategies of batoids. In: Sharks 
and Their Relatives II: Biodiversity, Adaptive 
Physiology, and Conservation, edited by J.C. Carrier, 
J.A. Musick& M.R. Heithaus, (CRC Press, Taylor and 
Francis Group, LLC, London) 2010, pp. 283-316. 

14 Hornung, H., Krom, M. D., Cohen, Y.& Bernhard, M., 
Trace metal content in deep-water sharks from the 
eastern Mediterranean Sea. Marine Biology, 
115(2)(1993) 331-338. 

15 Jarić, I., Višnjić-Jeftić, Ž.,Cvijanović, G., Gačić, Z., 
Jovanović, L., Skorić, S.&Lenhardt, M., Determination 
of differential heavy metal and trace element 
accumulation in liver, gills, intestine and muscle of 
sterlet (Acipenserruthenus) from the Danube River in 
Serbia by ICP-OES. Microchemical Journal, 
98(1)(2011) 77-81. 

16 Järup, L., Hazards of heavy metal contamination. British 
Medical Bulletin, 63(2003) 167-182. 

17 Kamala-Kannan, S., Batvari, B.P.D., Lee, K.J., Kannan, 
N., Krishnamoorthy, R., Shantini, K.&Jayaprakash, M., 
Assessment of heavy metals (Cd, Cr and Pb) in water, 
sediment and seaweed (Ulvalactuca) in the Pulicat Lake, 
South East India. Chemosphere, 71(2008) 1233-1240. 

18 Karadede-Akin, H.&Unlu, E., Heavy metal 
concentrations in water, sediment, fish and some benthic 
organisms from Tigris River, Turkey. Environ. Monit. 
Assess., 131(2009) 321-337. 

19 Matyar, F., Kaya, A.&Dincer, S., Antibacterial agents 
and heavy metal resistance in gram-negative bacteria 
isolated from seawater, shrimp and sediment in 
Iskenderun Bay, Turkey. Science of the Total 
Environment, 407(2008) 279-285. 

20 Mendil, D., Demirci, Z., Tuzen, M. &Soylak, M., 
Seasonal investigation of trace element contents in 
commercially valuable fish species from the Black Sea, 
Turkey. Food and Chemical Toxicology, 48(2010) 865-
870. 

21 Mormede, S.& Davies, I. M., Heavy metal 
concentrations in commercial deep-sea fish from the 
Rockall Trough. Continental Shelf Research, 
21(8)(2001) 899-916. 



1548              GOKKUS & TURKMEN: HEAVY METAL LEVELS IN TISSUES OF COMMON GUITARFISH 

22 Nauen, C.E., Compliation of legal limits for hazardous 
substances in fish and fishery products. FAO Fish 
Circular, 764(1983) 102. 

23 Nguyen, H.L., Leemakers, M., Osán, J., Török, 
S.&Baeyens, W., Heavy metals in Lake Balaton: water 
column, suspended matter, sediment and biota. Science 
of the Total Environment, 340(2005) 213-230. 

24 Olsson, P., Kling, P., &Hogstrand, C., Mechanisms of 
heavy metal accumulation and toxicity in fish. In: Metal 
Metabolism in Aquatic Environments, edited by W.J. 
Langston& M.J. Bebianno, (Chapman & Hall, London) 
1998, pp. 321-339. 

25 Pärt, P.& Lock, R.A.C., Diffusion of calcium, cadmium 
and mercury in a mucous solution from rainbow trout. 
Comparative Biochemistry and Physiology Part C: 
Comparative Pharmacology, 76(2)(1983) 259-263. 

26 Romeo, M., Siau, Y., Sidoumou, Z.&Gnassia-Barelli, 
M., Heavy metal distribution in different fish species 
from the Mauritania coast. The Science of the Total 
Environment, 232(2009) 169-175. 

27 Roth, I.&Hornung, H., Heavy metal concentrations in 
water, sediments, and fish from Mediterranean coastal 
area, Israel. Environmental Science & Technology, 
11(3)(1977) 265-269. 

28 Salim, A., Hassanin, M.A.&Zohair, A., A simple 
procedure for reducing lead content in fish. Food and 
Chemical Toxicology, 41(2003) 595-597. 

29 Simkiss K, Mechanisms of metal uptake. In: Metal 
Metabolism in Aquatic Environments, edited by W.J. 
Langston& M.J. Bebianno, (Chapman & Hall, London) 
1998, pp. 1-18. 

30 Sivaperumal, P., Sankar, T.V.&Viswanathan Nair, P.G., 
Heavy metal concentrations in fish, shellfish and fish 
products from internal markets of India vis-a-vis 
international standards. Food Chemistry, 102(2009) 612-
620. 

31 Soliman, Z.I., A study of heavy metals pollution in some 
aquatic organisms in Suez Canal in Port-Said Harbor. J. 
Applied Sciences Research, 2(10)(2006) 657-663. 

32 Storelli, M.M.&Marcotrigiano, G.O., Heavy metal 
monitoring in fish, bivalve molluscs, water, and 
sediments from Varano Lagoon, Italy. Bull. Environ. 
Contam. Toxicol., 66(2001) 365-370. 

33 Storelli, M. M., Cuttone, G. &Marcotrigiano, G. O., 
Distribution of trace elements in the tissues of smooth 
hound Mustelusmustelus (Linnaeus, 1758) from the 
southern–eastern waters of Mediterranean Sea (Italy). 
Environmental monitoring and assessment, 174(1-
4)(2011) 271-281. 

34 Tepe, Y., Turkmen, M. & Turkmen, A., Assessment of 
heavy metals in two commercial fish species of four 
Turkish seas. Environ. Monit. Assess., 146(2008) 277-
284. 

35 TKB. (2002). Fisheries laws and regulations. Ministry of 
Agriculture and Rural Affairs, Conservation and Control 
General Management. Ankara, Turkey. 

36 Turkmen, A., Turkmen, M., Tepe, Y.&Akyurt, I., Heavy 
metals in three commercially valuable fish species from 
Iskenderun Bay, North East Mediterranean Sea, Turkey. 
Food Chemistry, 91(2005a) 167-172. 

37 Turkmen, M., Turkmen, A., Akyurt, I.&Tepe, Y., 
Limpet, Patella caeruleaLinnaeus, 1758 and barnacle, 
Balanussp., as biomonitors of trace metal availabilities in 
Iskenderun Bay, Northern East Mediterranean Sea. 
Bull.Environ. Contam. Toxicol., 74(2005b) 301-307. 

38 Turkmen, A., Turkmen, M., Tepe, Y., Mazlum, 
Y.&Oymael, S., Metal concentrations in blue crab 

(Callinectessapidus) and mullet (Mugilcephalus) in 
Iskenderun Bay, Northern East Mediterranean, Turkey. 
Bull.Environ. Contam. Toxicol., 77(2006) 186-193. 

39 Turkmen, M., Turkmen, A., Tepe, Y., Ates, A.&Gokkus, 
K., 2008a. Determination of metal contaminations in sea 
foods from Marmara, Aegean and Mediterranean seas: 
Twelve fish species. Food Chemistry, 108(2008a) 794-
800. 

40 Turkmen, M., Turkmen, A.&Tepe, Y., Metal 
contaminations in five fish species from Black, Marmara, 
Aegean and Mediterranean seas, Turkey. J. Chil. Chem. 
Soc., 53(1)(2008b) 1435-1439. 

41 Turkmen, M., Tepe, Y., Turkmen, A., Sangun, M.K., 
Ates, A.&Genc, E., Assessment of heavy metal 
contamination in various tissues of six ray species from 
Iskenderun Bay, Northeastern Mediterranean Sea. Bull. 
Environ. Contam. Toxicol., 90(2013)702-707. 

42 Turkmen, M., Turkmen, A. &Tepe, Y., Comparison of 
metal levels in different tissues of seven ray species from 
Antalya Bay, Mediterranean Sea. Bull. Environ. Contam. 
Toxicol., 93(2014) 159-164. 

43 Tuzen, M., Determination of heavy metals in fish 
samples of the middle Black Sea (Turkey) by graphite 
furnace atomic absorption spectrometry. Food 
Chemistry, 80(2003) 119-123. 

44 Tuzen, M., Saygi, K.O., Usta, C.&Soylak, M., 
Pseudomonas aeruginosaimmobilized multiwalled 
carbon nanotubes as biosorbent for heavy metal ions. 
Bioresource Technology, 99(6)(2007) 1563-1570. 

45 Tuzen, M., Toxic and essential trace elemental contents 
in fish species from the Black Sea, Turkey. Food and 
Chemical Toxicology, 47(2009) 1785-1790. 

46 Unlu, E.&Gumgum, B., Concentrations of copper and 
zinc in fish and sediments from the Tigris River in 
Turkey. Chemosphere, 26(11)(1993) 2055-2061. 

47 Valavanidis, A.&Vlachogianni, T., Metal pollution in 
ecosystems. Ecotoxicology studies and risk assessment 
in the marine environment. Science Advances on 
Environment, Toxicology & Ecotoxicology Issues, (2010) 
14p.  

48 Vas, P., Trace metal levels in sharks from British and 
Atlantic waters. Marine Pollution Bulletin, 22(2)(1991) 
67-72. 

49 Wepener, V., Vuren, J.H.J.&Preez, H.H., Uptake and 
distribution of a copper, iron and zinc mixture in gill, 
liver and plasma of a freshwater teleost, Tilapia 
sparrmanii.WaterSA, 27(1)(2001) 99-108. 

50 White, W.T. &Sommerville, E., Elasmobranchs of 
tropical marine ecosystems. In: Sharks and Their 
Relatives II: Biodiversity, Adaptive Physiology, and 
Conservation, edited by J.C. Carrier, J.A. Musick& M.R. 
Heithaus, (CRC Press, Taylor and Francis Group, LLC, 
London) 2010, pp. 159-200. 

51 Wilga, C.D.& Motta, P.J., Feeding mechanism of the 
Atlantic guitarfish Rhinobatoslentiginosus: modulation 
of kinematic and motor activity. J. Experimental Biology, 
201(1998) 3167-3184. 

52 Wu, S.M., Jong, K.J.& Lee, Y.J., Relationships among 
metallothionein, cadmium accumulation, and cadmium 
tolerance in three species of fish. Bull. Environ. Contam. 
Toxicol., 76(2006) 595-600. 

53 Zauke, G.P., Savinov, V.M., Ritterhoff, J.&Savinova, T., 
Heavy metals in fish from the Barents Sea (summer 
1994), The Science of the Total Environment, 227(1999) 
161-173. 

 




