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Abstract 

In the present study, heavy metal concentrations (Cd, Pb, Cu, Zn, Co, Mn, Ni and Fe) 
have been measured in edible tissues of the brown shrimp Crangon crangon (Linnaeus, 
1758) collected from Samsun coasts in the Black Sea coast of Turkey in 2010. Variations 
of heavy metal concentrations with seasons are compared. Cd and Pb concentrations in 
C. crangon were the lowest heavy metal concentrations, while Fe concentrations were 
highest level observed in all seasons. The concentrations of Cd, Pb, Cu, Zn, Co, Mn, Ni 
and Fe were in the range of 0.228-0.481, 0.291-0.491, 5.85-14.77, 18-36, 0.24-0.61, 6-
15, 2-6 and 30-58 μg.g-1 wet weight, respectively. In general the heavy metal findings in 
the brown shrimp were below the Turkish Food Codex, Commission Regulation (EC) 
and MAFF maximum permitted levels for human consumption. It is concluded that the 
brown shrimps are suitable biomonitors to assess changes in metal pollution in the 
coastal area of the Black Sea. 
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Introduction 

Heavy metals are known as a major source of marine pollution and have 
seriously increased in the Black Sea (Bakan and Büyükgüngör 2000; Altaş and 
Büyükgüngör 2007; Bat et al. 2009). Kızılırmak and Yeşilırmak, the two most 
important rivers of Black Sea Region, and a lot of big and little industries such 
as food, cement, fertilizer, pesticide, resin, plastic and textile exist in the middle 
Black Sea Region of Turkey (Altaş and Büyükgüngör 2007; Bakan et al. 2010). 
Altaş et al. (2001) pointed out that these factories have no treatment plant and 
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they have potential to create local problems of heavy metal pollution. Samsun is 
located in the middle of the Black Sea region in Turkey and considerable 
agricultural and industrial activities are carried out there. Its area is 9579 km2 
and its population is over 1,150,000 people. Fertilizers and pesticides are also 
heavily used in the agricultural fields in this region (Kurt and Özkoç 2004; 
Bakan et al. 2010). Samsun Port is one of the largest ports in the Black Sea 
region. It is known that metal contamination sources are typically derived from 
mining, industrial waste discharges, sewage effluent and harbour activities 
(O'Sullivan 1971; Bellinger and Benham 1978; Young et al. 1979). 

Non-essential metals such as cadmium (Cd) and lead (Pb) have drawn 
considerable attention for its great different toxic effects on aquatic biota 
(Phillips and Rainbow 1994). Essential metals can also potentially be harmful to 
marine organisms and have been reported as hazardous environmental pollutants 
able to accumulate along the aquatic food chain with severe risk for aquatic 
organisms (Bryan 1976) and human health (Underwood 1977). Decapod 
crustaceans may concentrate large amounts of some metals from water and food 
in their tissues (Phillips 1977; Rainbow 1988; Phillips and Rainbow 1994). 
Decapod crustaceans like Crangon crangon have proved especially useful and 
are commonly employed in the monitoring of metal pollution (Culshaw et al. 
2002; Junk and Zauke 2008) because they are consumed by human and they 
have a broad geographical range (Fish and Fish 1996; Cattrijsse et al. 1997; Oh 
et al. 2001) including in the Black Sea (Bilgin and Gönlügür-Demirci 2005). 

Although some information is available on the bioaccumulation of metals in 
some decapod crustaceans (Öztürk et al. 1996), no data are available on heavy 
metal levels of C. crangon in the Black Sea. C. crangon has very high 
productivity (Oh et al. 2001) and is an important food source for many birds, 
fish and crustaceans (Fish and Fish 1996; Hufnagl et al. 2010). It is 
commercially important species for human consumption in Turkey (Turkish 
Statistical Institute 2011). Because of a wide range of biological and ecological 
aspects and their high commercial value (Oh et al. 2001), the investigation of 
the heavy metal concentrations in C. crangon through the accumulation of 
metals in their tissues remains a necessary basic study.  

The aims of the present study were (1) to determine if accumulation levels of 
heavy metals in edible tissues of C. crangon, (2) to evaluate seasonal 
differences of heavy metals, and (3) to compare the international and national 
food safety standards for human consumption. 

Materials and Methods 

Brown Shrimp Collection and Sampling Procedure  

The brown shrimp C. crangon were sampled seasonally, four times from 
January to March, April to June, July to September, and October to December in 
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2010, by beam trawl in the littoral zone of Samsun coasts of the southern Black 
Sea (Figure 1). The samples were placed into sterile bags and transported to the 
Hydrobiology Laboratory of Fisheries Faculty at Sinop University within 3 
hours in an ice cooler to maintain a temperature of approximately 4-5°C and 
then measured. Shrimp samples 7.34±0.94 cm in length and 3.16±1.11 g in 
weight were washed thoroughly with double distilled water then stored at -21°C 
until heavy metal analysis. The total number of samples examined for the 
present study was 600. 

Preparation of Brown Shrimps for Heavy Metal Analysis 

Only edible parts of all the samples were analyzed. All tissue weights have been 
expressed as fresh weight in the present study. Upon thawing, the whole soft 
parts were removed using stainless steel instruments and were homogenized. All 
samples were run in triplicate. The precision of analysis was estimated by 
variations from the mean value reported and in all experiments several blanks 
were performed with the reagents used in order to check for possible 
contamination. To avoid these problems all glassware used for heavy metals 
analyses were washed with detergent, rinsed in distilled water, pre-soaked in 
10% nitric acid for more than 24 h, rinsed with deionized water and allowed to 
air-dry at room temperature before use. 

 

 
Figure 1. Study area for sample collection by beam trawl in the littoral zone of Samsun 

on the Black Sea coast of Turkey 
 

Determination of Heavy Metals in Brown Shrimps  

A modified version of the method used by Bernhard (1985) was employed in the 
present study. Ten gram samples of wet tissue were placed in silica flasks 
covered with glass plates and wet digested with 20 ml of HNO3:HCl04 (5:1) at 
105°C for 24 h. The filtered extracts were brought to 25 ml with HNO3 (70%) 
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and diluted with deionized water. Reagent blanks were processed 
simultaneously in triplicate.  

The each residue was then filtered into volumetric flask, using Whatman filters. 
The solutions were analyzed by using an ATI Unicam 929 Atomic Absorption 
Flame Spectrophotometer, with background correction. The calibration curve 
was established by plotting the absorbance readings for a set of standards 
against the concentration. The blank solution was measured between the 
standards and samples, to ensure the stability of the base line. The theory and 
application of AAS have been described in detail by Cresser (1994) and Lajunen 
(1992). 

Statistical Analyses 

Statistical analyses of data were carried out using Statistica version 7.0 
software. A one-way analysis of variance (ANOVA) was performed, followed 
by Duncan comparisons for the source of statistically significant differences of 
metal concentrations by seasons for each of the metal investigated in the present 
study. The significance was set at 0.05 and P-values less of 0.05 were 
considered statistically significant (Zar 1984). All values being expressed on a 
µg g

-1
 are wet wt. basis. 

Results and Discussion 

Heavy Metal Concentrations in the Brown Shrimp Sampled in the Black Sea 
Coast in 2010 

Figure 2 show the mean concentration of heavy metals in the brown shrimp C. 
crangon (Linnaeus 1758) collected off Samsun in the Black Sea coast of Turkey 
in 2010. Cd concentrations in C. crangon were the lowest heavy metal 
concentrations followed by Pb, while Fe concentrations were highest level 
observed in all seasons. The concentrations of Cd, Pb, Cu, Zn, Co, Mn, Ni and 
Fe were in the range of 0.228-0.481, 0.291-0.491, 5.85-14.77, 18-36, 0.24-0.61, 
6-15, 2-6 and 30-58 μg.g-1 wet weight, respectively. In general, the 
concentrations of the heavy metals were as follow: 
Fe>Zn>Mn>Cu>Ni>Co>Pb>Cd (Figure 2). C. crangon, like all crustaceans, 
require essential metals for biological functions.  

C. crangon is generally a carnivorous nocturnal predator that buries in the 
sediment (Pihl and Rosenberg 1984) with only the eyes and antennae above the 
sediment surface (Pinn and Ansell 1993) and the diet of C. crangon consisted of 
3 predominantly bottom-dwelling categories; demersal, epifaunal and infaunal 
organisms (Oh et al. 2001). C. crangon is also an omnivore feeder on detritus 
and plant material (Plagmann 1939). The stomach fullness of obligatory 
detritivores is known to be much higher than that of carnivores since substantial 
volumes of organic matter have to be consumed to meet their energy 
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requirements (Cattrijsse et al. 1997). It is well known that heavy metal 
concentrations generally increase with decreasing particle size and metals bound 
to organic matter in sediment (Buchanan 1984; Bryan and Langston 1992; 
Langston and Spence 1994). When C. crangon feeding on silt and clay sediment 
or alga or other organisms may have taken up the metals in their tissues. 
Rainbow (1988) noted that the gut contents of deposit-feeding crustaceans may 
present a significant component of the total body load due to they ingest 
potentially metal rich sediments. 

Mainly due to industrialization, these metal concentrations in the upper layers of 
the sediment have risen over recent years (Bakan and Büyükgüngör 2000; Altaş 
and Büyükgüngör 2007). It was clearly seen that transportation of heavy metals 
from Kızılırmak and Yeşilırmak rivers to the Black Sea was rather of high 
quantity (Bakan and Büyükgüngör 2000; Altaş and Büyükgüngör 2007). Along 
with this enrichment, heavy metal accumulation in the shrimps of this habitat 
has taken place. However, the mean Pb and Cd levels of the brown shrimp 
samples were significantly lower (p<0.05). A short period of food consumption 
in connection with a growth rate seems to be the main reason for the low Pb and 
Cd levels in this species. The low concentration of the non-essential metal Pb 
might be also due to the ability of decapods to actively release Pb into the 
environment (Marx and Brunner 1998). Even in a highly contaminated habitat 
(Bakan and Büyükgüngör 2000; Kurt and Özkoç 2004; Altaş and Büyükgüngör 
2007; Bakan et al. 2010; Özkan and Büyükışık 2012), the other non-essential 
metal Cd intake via sediment, algae and organisms is not sufficient for the 
accumulation of relevant levels of Cd in the tissues in the present study. 

Compared to data on the heavy metal levels in C. crangon from other habitats 
was shown in Table 1. The results of the present study, however, showed lower 
values of Zn, Cu and Cd than those in Severn Estuary and Bristol Channel, UK, 
higher values of Pb and Cd than those in the North Sea. Regional comparison 
for results must be made with caution because of variations in both quality of 
analytical data and in sampling procedure. More samples must be examined to 
assess geographical differences. 

Seasonal Variation of Metals in the Brown Shrimp Sampled in the Black Sea 
Coast in 2010 

The overall mean values for each of the eight metals (Cd, Pb, Cu, Zn, Co, Mn, 
Ni and Fe) in the brown shrimp C. crangon were compared by ANOVA to 
determine if there is a significant difference in the concentrations of these 
metals existed between seasons. Figure 2 shows that Ni concentrations in the 
shrimp sampled in Samsun coast of the Black Sea in 2010 did not vary 
significantly (P>0.05) by season while other metals showed significant seasonal 
(P<0.05) differences. 
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Pihl and Rosenberg (1984) and Szaniawska (1983) noted that diet composition 
was highly variable seasonally. There were important seasonal variations in 
feeding activity which were reflected in an increase in stomach fullness of C. 
crangon in autumn and winter (Oh et al. 2001). In the present study, the winter 
season showed an overall higher level of Cd, Cu, Mn and Zn in the shrimp 
samples relative to the summer season, whereas Co, Fe and Pb showed higher 
levels in the autumn season (Figure 2). 

These results are similar to those reported by Culshaw et al. (2002). They 
observed that Cd levels in shrimp caught during autumn and winter were 
consistently high and suggested that the metal was highly bioavailable, which 
could lead to a rapid rate of Cd uptake and accumulation in the shrimp. It may 
also be concluded that the exceedingly high levels of Cd contamination of the 
shrimp is due to a combination of high Cd inputs and increased bioavailability 
of Cd in the winter months (Culshaw et al. 2002). In contrast to this, Marx and 
Brunner (1998) found that Pb values of shrimp caught in spring were even 
higher than those in autumn.  

In winter, the salinity of the Samsun coastal waters is reduced (Bakan and 
Büyükgüngör 2000) which can lead to an increase in the proportion of toxic free 
metal ions (Rainbow 1997), that could be taken up by shrimp from water as 
well. 

Maximum Permitted Limits of These Metals in Seafood 

Several countries have developed maximum acceptable concentrations for 
commercialization and consumption of seafood such as the United States, 
Canada, European Countries and also Turkey. Significant differences were 
observed for all metals except Ni by seasons. However, there is no data in the 
literature to provide the levels of the heavy metals in shrimp for seasonal 
variations. All of the samples contained lower amounts of the investigated 
heavy metals than the levels of concern of international (Commission 
Regulation (EC) and MAFF) and local (Turkish Food Codex) standards as 
shown in Table 2. 

Conclusion 

In many environmental programmes of the Black Sea Mytilus galloprovincialis 
is used as biomonitor (Ünsal and Beşiktepe 1994; Bat et al. 1999; Bat et al. 
2012). While very little information about such programmes for marine 
crustaceans can be found, at least they do not deal specifically with heavy 
metals. However, due to their great importance in food webs of the intertidal 
zone in the Black Sea, crustaceans such as the brown shrimp C. crangon merit 
further consideration. It is well known that C. crangon is a strong 
bioaccumulator of heavy metals (Marx and Brunner 1998; Culshaw et al. 2002; 
Jung and Zauke 2008). The result of the present study supply valuable 
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information on the heavy metal concentrations in the brown shrimp C. crangon 
from the southern of the Black Sea and indicated that C. crangon could be a 
suitable biomonitor for the heavy metals of its habitat sediment. 

The differences in heavy metal concentrations in edible tissues of the brown 
shrimp are due to the length of the feeding period, the age of the shrimp (Marx 
and Brunner 1998), bioavailablility of heavy metals in the habitat and time spent 
in contaminated water (Gökoğlu et al. 2008) and sediment. 

The obtained data with guidelines showed that the metals concentration in C. 
crangon is below the permissible level defined by Commission Regulation 
(EC), MAFF and Turkish Food Codex. It may be suggested that continuous care 
must be taken to biomonitor the heavy metal levels in the brown shrimp C. 
crangon especially if they exceed international and local permissible limits for 
human consumption. 

 
Figure 2. The means with standard deviations (vertical line) of Cd, Pb, Cu, Zn, Co, Mn, 
Ni and Fe concentrations (µg.g-1 wet wt.) in the brown shrimp C. crangon from Samsun 
coastal waters of the Black Sea in 2010 (a, b, c, d, e, f = the same letters beside the 
vertical bars in each graph indicate the values are not significantly different (p>0.05)). 
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Karadeniz’in güney kıyılarından toplanan teke karidesi 
(Crangon crangon) (Linnaeus, 1758) türünün yenilen 
dokularındaki ağır metaller  

Özet 

Mevcut bu çalışmada 2010 yılında Karadeniz’in Samsun kıyılarından örneklenen 
kahverengi teke karidesi Crangon crangon (Linnaeus, 1758)’un yenebilir kas 
dokularındaki ağır metal (Cd, Pb, Cu, Zn, Co, Mn, Ni ve Fe) konsantrasyonları 
belirlenmiştir. Mevsimlere bağlı olarak metal konsantrasyonları karşılaştırılmıştır. C. 
crangon türünün dokusunda Cd ve Pb konsantrasyonları en düşük seviyedeyken Fe 
konsantrasyonları tüm mevsimlerde en yüksek düzeyde bulunmuştur. Cd, Pb, Cu, Zn, 
Co, Mn, Ni ve Fe konsantrasyonları sırasıyla 0.228-0.481, 0.291-0.491, 5.85-14.77, 18-
36, 0.24-0.61, 6-15, 2-6 ve 30-58 μg.g-1 yaş ağırlık olarak belirlenmiştir. Genel olarak 
karideslerde tespit edilen ağır metal düzeyleri Türk Gıda Kodeksi Tebliği, Avrupa Birliği 
Komisyon Tüzüğü ve Tarım, Balıkçılık ve Gıda Bakanlığınca (MAFF) belirlenen gıda 
maddelerindeki bulaşanların maksimum limitlerinden daha düşük bulunmuştur. 
Karadeniz’in kıyısal alanlarında metal kirliliği çalışmalarında teke karideslerinin 
biyomonitör olarak kullanılmasının uygun olduğu önerilmektedir. 

References 

Altas, L., Büyükgüngör, H. (2007) Heavy metal pollution in the Black Sea shore 
and offshore of Turkey. Environmental Geology 52 (3): 469-476.  

Altaş, L., Orhan, Y., Büyükgüngör, H. (2001) Investigation of land-based 
pollution parameters in the surface water and shores through the Samsun City. 
In: Third Black Sea International Conference, Environmental Protection 
Technologies for Coastal Areas, Bulgaria, p. 535. 

Anonymous (1995) Official Gazette of Republic of Turkey. Acceptable levels 
for chemical and microbiological contaminants in fresh, chilled, frozen and 
processed fish. (Notification No: 95/6533, Issue: 22223) (in Turkish). 

Anonymous (2006) Official Journal of the European Union. Setting maximum 
levels for certain contaminants in food stuffs. Commission Regulation (EC) No 
1881/2006: 364, 5-24. 

Anonymous (2008) Official Gazette of Republic of Turkey. Notifications about 
maximum levels for certain contaminants in foodstuffs. Turkish Food Codex 
(Notification No: 2008 / 26, Issue: 26879) (in Turkish). 

Anonymous (2012) Official Gazette of Republic of Turkey. About Turkish Food 
Codex Notifications about maximum levels for certain contaminants in 
foodstuffs (Notification No: 2008/26) repealed. (Notification No: 2012/21, 
Issue: 28227) (in Turkish). 



79 

 

Bakan, G., Büyükgüngör, H. (2000). The Black Sea. Mar. Pollut. Bull. 41(1-6): 
24-43.  

Bakan, G., Özkoç, B. H., Tülek, S., Cüce1, H. (2010) Integrated environmental 
quality assessment of the Kızılırmak River and its coastal environment. Turkish 
Journal of Fisheries and Aquatic Sciences 10: 453-462.  

Bat, L., Gökkurt, O., Sezgin, M., Üstün, F., Şahin, F. (2009) Evaluation of the 
Black Sea land based sources of pollution the coastal region of Turkey. The 
Open Marine Biology Journal 3: 112-124. 

Bat, L., Gündoğdu, A., Öztürk, M., Öztürk, M. (1999) Copper, zinc, lead and 
cadmium concentrations in the Mediterranean mussel Mytilus galloprovincialis 
Lamarck 1819 from Sinop coast of the Black Sea. Tr. J. Zoology 23: 321-326. 

Bat, L., Üstün, F., Gökkurt-Baki, O. (2012) Trace element concentrations in the 
Mediterranean mussel Mytilus galloprovincialis Lamarck, 1819 caught from 
Sinop coast of the Black Sea, Turkey. The Open Marine Biology Journal 6: 1-5.  

Bellinger, E. G., Benham, B. R. (1978) The levels of metals in dock-yard 
sediments with particular reference to the contributions from ship-bottom paints. 
Environ. Pollut. 15: 71-81. 

Bernhard, M. (1976) Manual of Methods in the Aquatic Environment Research. 
FAO Fisheries Technical Paper FIRI/T No. 158, Food and Agriculture 
Organisation, Rome. 

Bilgin, S., Gönlügür Demirci, G. (2005) The shrimps of the Sinop coasts of the 
Black Sea, Turkey. F. Ü. Fen ve Müh. Bil. Der. 17 (1): 143-150 (in Turkish). 

Bryan, G. W. (1976) Some aspects of heavy metal tolerance in aquatic 
organisms. In: Effects of Pollutants on Aquatic Organisms. (ed., A. P. M. 
Lockwood), Cambridge University Press, pp. 7-34. 

Bryan, G. W., Langston, W. J. (1992) Bioavailability, accumulation and effects 
of heavy metals in sediments with special reference to United Kingdom 
estuaries: a review. Environ. Pollut. 76: 89-131. 

Buchanan, J. B. (1984) Sediment analysis. In: Methods for the Study of Marine 
Benthos. (eds., N.A. Holme, A.D. McIntyre), Blackwell Sci. Publ., pp. 41-65. 

Cattrijsse, A., Dankwa, H. R., Mees, J. (1997) Nursery function of an estuarine 
tidal marsh for the brown shrimp Crangon crangon. J. Sea Res. 38: 109-121. 

Cresser, M. S. (1994) Flame spectrometry in environmental chemical analysis: 
A practical guide. N. Barnett (series ed.), RSC Analytical Spectroscopy 
Monographs. Turpin Distribution Services Ltd. 



80 

 

Culshawa, C., Newtona, L.C., Weirb, I., Birda, D. J. (2002) Concentrations of 
Cd, Zn and Cu in sediments and brown shrimp (Crangon crangon L.) from the 
Severn Estuary and Bristol Channel, UK. Mar. Environ. Res. 54: 331-334. 

Fish, J. D., Fish, S. A. (1996) A Student’s Guide to the Seashore. Second 
Edition. Inst. of Bio. Sci., Univ. of Wales, Aberystwyth, England. p. 473. 

Gökoğlu, N., Yerlikaya, P., Gökoğlu, M. (2008) Trace elements in edible tissues 
of three shrimp species (Penaeus semisulcatus, Parapenaeus longirostris and 
Paleomon serratus). Sci. Food Agric. 88: 175-178. 

Hufnag, M., Temming, A., Dänhardt, A., Perger, R. (2010) Is Crangon crangon 
(L. 1758, Decapoda, Caridea) food limited in the Wadden Sea. J. Sea Res. 64: 
386-400. 

Jung, K., Zauke, G. P. (2008) Bioaccumulation of trace metals in the brown 
shrimp Crangon crangon (Linnaeus, 1758) from the German Wadden Sea. 
Aquatic Toxicology 88: 243-249. 

Kurt, B. P., Özkoç, H. B. (2004) A survey to determine levels of chlorinated 
pesticides and PCBs in mussels and seawater from the Mid-Black Sea Coast of 
Turkey. Mar. Pollut. Bull. 48: 1076-1083. 

Lajunen, L. H. J. (1992) Spectrochemical Analysis by Atomic Absorption and 
Emission. The Royal Society of Chemistry, Cambridge. 

Langston, W. J., Spence, S. K. (1994) Metal analysis. In: Handbook of 
Ecotoxicology. (ed., P. Calow), Oxford Blackwell Sci. Publ., pp. 45-78. 

MAFF (1995) Monitoring and surveillance of non-radioactive contaminants in 
the aquatic environment and activities regulating the disposal of wastes at sea, 
1993, Directorate of Fisheries Research, Lowestoft, Aquatic Environment 
Monitoring Report, No. 44. 

Marx, H., Brunner, B. (1998) Heavy metal contamination of North Sea shrimp 
(Crangon crangon L.). Z. Lebensm Unters Forsch A. 207: 273-275. 

Oh, C. W., Hartnoll, R. G., Nash, R. D. M. (2001) Feeding ecology of the 
common shrimp Crangon crangon in Port Erin Bay, Isle of Man, Irish Sea. Mar. 
Ecol. Prog. Ser. 214: 211-223. 

O'Sullivan, A. J. (1971) Ecological effects of sewage discharge in the marine 
environment. Proc. Roy. Soc. Lond. 177 (B): 331-351. 

Özkan, E. Y., Büyükışık, B. (2012) Geochemical and statistical approach for 
assessing heavy metal accumulation in the southern Black Sea sediments. 
Ekoloji 21, 83: 11-24.  

Öztürk, M., Bat, L., Öztürk, M. (1996) The heavy metal levels in Palaemon 
elegans Rathke 1837, collected from Sinop coast of the Black Sea. Agriculture 



81 

 

and Environmental Relations Symposium, 13-15 May, Mersin University, 
Faculty of Engineering, Mersin, pp. 366-373. 

Phillips, D. J. H. (1977) The use of biological indicator organisms to monitor 
trace metal pollution in marine and estuarine environments. A review. Environ. 
Pollut. 13: 281-317. 

Phillips, D. J. H., Rainbow, P. S. (1994) Biomonitoring of Trace Aquatic 
Contaminants. Environmental Management Series, Chapman and Hall, 371pp. 

Pihl, L., Rosenberg, R. (1984) Food selection and consumption of the shrimp 
Crangon crangon in some shallow marine areas in western Sweden. Mar. Ecol. 
Prog. Ser. 15: 159-168. 

Pinn, E. H., Ansell, A. D. (1993) The effect of particle size on the burying 
ability of the brown shrimp Crangon crangon. J. Mar. Biol. Assoc. U.K. 73: 
365-377. 

Plagmann, J. (1939) Ernährungsbiologie der Garnele (Crangon vulgaris Fabr.). 
Helgol Wiss Meeresunters 2: 113-162. 

Rainbow, P. S. (1988) The significance of trace metal concentrations in 
decapods. Symp. Zool. Soc. Lond. 59: 291-313. 

Rainbow, P. S. (1997) Ecophysiology of trace metal uptake in crustaceans. Est. 
Coast. Shelf Sci. 44: 169-175. 

Szaniawska, A. (1983) Seasonal changes in energy content of Crangon crangon 
L. (Cristacea, Decapoda). Polskie Archiwum Hydrobiologii 30: 45-56. 

Turkish Statistical Institute (2011) Available at http://www.tuik.gov.tr/ 
balikcilikdagitimapp/ alikcilik.zul (accessed 24 Aug. 2011) 

Underwood, E. J. (1977) Trace Elements in Human and Animal Nutrition, 4th 

edition. Academic Press, New York. 

Ünsal, M., Beşiktepe, Ş. (1994) A preliminary study on the metal content of 
mussels, Mytilus galloprovincialis (Lmk.) in the Eastern Black Sea. Tr. J. 
Zoology 18: 265-271. 

Young, D. R., Alexander, G. V., McDermott-Ehrlich, D. (1979) Vessel-related 
contamination of Southern California Harbours by copper and other metals. 
Mar. Pollut. Bull. 10: 50-56. 

Zar, J. H. (1984) Biostatistical Analysis. Second edition. Prentice Hall, Int., 
New Jersey. 

       
Received: 19.08.2012 

  Accepted: 03.09.2012 
 

http://www.tuik.gov.tr/%20balikcilikdagitimapp/%20alikcilik.zul
http://www.tuik.gov.tr/%20balikcilikdagitimapp/%20alikcilik.zul

