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Abstract This study was performed to investigate the
metal concentrations in muscle and gill of blue crab,
Callinectes sapidus from Dortyol Lake, Akyatan Lagoon,
Paradeniz Lagoon and Camlik Lagoon from the north-
eastern coastal area of Mediterranean Sea. So, the levels of
cadmium, chromium, copper, iron, manganese, nickel,
aluminum and zinc in tissues of specimens from the
lagoons were determined by inductively coupled plasma
optical emission spectrometer. The metal concentrations
found in muscle tissue varied for Cd: 0.03-0.08, Cr:
0.05-0.13, Cu: 5.38-11.7, Fe: 21.1-38.2, Mn: 0.15-2.98,
Ni: 0.24-0.45, Zn: 13.9-20.1 and Al: 1.2-13.7 mg/kg wet
weight. Iron showed the highest levels in both tissues, and
generally followed by zinc except gills. On the other hand,
cadmium showed the lowest levels from all sites. Followed
cadmium; chromium had the second lowest levels. The
differences between mean metal concentrations from dif-
ferent sampling sites were statistically significant. Regional
changes in metal concentration were observed in the tissues
of the crabs, but these variations may not influence con-
sumption advisories.
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Because economically important sea foods such as fish,
crabs, oysters and mussels accumulate contaminants from
the aquatic environments, they have been extensively used
in the assessment of aquatic pollution and monitoring
studies (Ismail et al. 1991; Snyman 1996; Tiirkmen et al.
2005, 2006; Minganti et al. 2010; Uysal 2011). The coastal
areas such as lagoon and bay in seas are important grounds
for vital activities of valuable aquatic organisms such as
crabs, fish, oysters and muscles. Because human activities
directly affect these areas, contamination studies frequently
should be made in these areas. Having economic impor-
tance for fisheries, sampling sites are situated in the
northern east part of the Mediterranean Sea. Sewage wastes
and ship maintenance works are dumped directly into the
sea without any treatment. Industries, in this region of the
Mediterranean Sea, are also expanding; most of these
industries such as cement factory, textiles, tin, iron and
rubbish treatment, food conserves, oil refinery, phosphate
loading activities etc. use sea or river systems to dump their
effluent. In addition, the predominant current system indi-
cates that pollution from external source is highly possible
and consequently, local practices are not the only potential
source of pollution. Wastewater collection and disposal
systems have been planned and constructed in some areas,
but these are still not sufficient in some other areas due to
primarily limited budget (Tirkmen et al. 2006). Intense
pollution in the sea has inevitably increased the levels of
metals in the water. There is lack of information about the
history and current situation of pollution along the Medi-
terranean Sea. Therefore, it is very important to determine
the levels of metals in commercial species in order to
evaluate the possible risk of sea food consumption for
human health. Crabs may be especially sensitive to pollu-
tion and other types of habitat degradation because they
reside in bottom sediments where chemical contaminants
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may accumulate. The main objective of this study was to
determine the levels of Cd, Cu, Cr, Zn, Fe, Ni, Al and Mn
in the muscle and gill of blue crab, Callinectes sapidus,
from the coastal lagoons of Mediterranean Sea and to
assess whether crabs from these sites are acceptable for
human consumption.

Materials and Methods

Sampling sites were Dortyol Lake, DL (36°52” N, 36° 7’
E), Akyatan Lagoon, AL (36°37’ N, 35°15° E), Paradeniz
Lagoon, PL (36°17° N, 34° 0’ E) and Camlik Lagoon, CL
(36°43’ N, 35°37’ E) from Mediterranean coastal area of
Turkey. Totally fifty blue crab samples (15 from DL, 15
from AL, 10 from PL and 10 from CL) were captured with
landing nets from sampling sites between September 2006
and May 2007. Samples placed on ice, brought to labora-
tory and then frozen at —20°C until dissection. Total size
and weight of the samples were measured to the nearest
millimeter and gram before dissection. The mean weights
and carapax widths were 1434 +3.7 g and 80.5 +
0.9 mm for site GL, 213.1 £ 9.0 g and 87.1 + 1.4 mm for
site AL, 126.7 & 5.3 g and 65.8 & 1.3 mm for site PL, and
91.6 = 4.07 g and 63.5 £ 1.4 mm for site CL respec-
tively. The carapace of samples was removed, and muscles
and gills from each crab were dissected, washed with dis-
tilled water, packed in polyethylene bags and stored at
—18°C prior to analysis.

Dissected tissues were homogenized and digested with
10 mL of nitric acid (analytical grade) in Teflon vessels in
microwave oven (CEM MARS-5 Closed Vessel Micro-
wave Digestion System) using the following microwave
digestion program; pressure 200 psi, ramp time 25 min.,
temperature 210°C, maximum power 300 W, hold time
10 min. After cooling, residue was transferred to 25 mL
volumetric flasks and diluted to level with deionized
water. Before analysis, the samples were filtered through a
0.45 pum filter. Sample blanks were prepared in the labo-
ratory in a similar manner to the field samples. All sam-
ples were analyzed three times for target heavy metals by
inductively coupled plasma optical emission spectrometer
(ICP-OES, VARIAN VISTA-MPX OES). Detection limits
were 0.001 for Cd, 0.002 for Cr and Mn, 0.02 for Cu and

Ni, 0.3 for Fe, 0.01 for Al and 0.2 for Zn. All metal
concentrations were determined on wet weight basis as
pg g, Standard solutions were prepared from stock
solutions (Merck, multi element standard). A Dorm-2
certified dogfish tissue was used as the calibration verifi-
cation standard (Table 1). Extractions and analyses of
tissues were performed in the Food Quality Control
Laboratory of Hatay. One way ANOVA and Tukey mul-
tiple range test were performed to test the differences of
the metal levels among sites. Possibilities less than 0.05
were considered statistically significant (p < 0.05). All
statistical calculations were performed with SPSS 13.0 for
windows.

Results and Discussion

The mean concentrations of cadminum, chromium, copper,
iron, manganese, nickel, zinc and aluminum in tissues of
blue crab, Callinectes sapidus, from lagoons in south
eastern Mediterranean coastal area were given in Table 2.
A total of 50 crabs were analyzed in this study. Iron
showed the highest levels in both tissues, and generally
followed by zinc except gills. On the other hand, cadmium
showed the lowest levels from all sites. Followed cad-
mium; chromium had the second lowest levels, generally in
agreement with the results of many researchers (Tepe et al.
2008; Tiirkmen et al. 2009, 2010). Except Zinc, all metal
concentrations in gills from all sites were higher than
muscles. This situation is in agreement with the results of
many researchers (Bjerregaard and Depledge 2002;
Thawley et al. 2004).

The differences between mean metal concentrations
from different sampling sites were statistically significant,
except Cr, Ni and Al (p < 0.05). On the other hand, the
differences between tissues for same metal were statisti-
cally significant in all sites for Mn and Al, in sites DL, AL
and CL for Cr, in site CL for Cu, in sites DL, AL and PL
for Fe, in sites DL and AL for Ni, in sites AL and PL for
Zn (p < 0.05). Table 3 shows the comparison the data of
the present study with that from elsewhere. Although
cadmium concentrations measured in the muscles of blue
crab in our study were lower than those reported for
Iskenderun Bay (Tiirkmen et al. 2006), were higher than

Table 1 Certified and observed

values of metals in CRM., Value Cd Cu Cr Fe Ni Mn Al Zn
g‘éf;ll‘fc(?;i‘z;*; H;USCEIS) from  Cepified SE 0.043 234 347 142 19.4 366 109 26.6
mg ke~! dry wh) ’ 0.008 0.16 55 10 3.1 0.34 1.7 23
Observed SE 0.048 243 329 139 20.1 355 105 25.8
0.012 0.22 6.01 116 3.34 0.46 1.51 2.81
* Each value is the average of Recovery (%) 111 104 95 98 104 97 96 97

nine determinations
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Table 2 The comparison of the

mean metal concentrations with Metalftissue Sampling sites
SE of C. sapidus tissues from Dértyol Lk.* Akyatan Lg. Paradeniz Lg. Camlik Lg.
different sites (ng g~ wet
weight) Cadmium
Muscle 0.03 + 0.01>"* 0.04 + 0.01%* 0.03 + 0.01>™* 0.08 + 0.02°*
Gill 0.04 £ 0.01** 0.05 & 0.01** 0.04 & 0.01** 0.10 & 0.02°*
Chromium
Muscle 0.07 + 0.01** 0.13 + 0.06™* 0.06 £ 0.01** 0.05 + 0.02%*
Gill 0.49 + 0.15% 0.46 + 0.10™ 0.08 + 0.03™* 0.61 + 0.12°Y
Copper
Muscle 11.7 £ 1.40°% 6.28 + 0.98%* 5.38 + 0.71%% 8.44 4+ 0.77%>*
Gill 13.6 + 0.84°* 10.2 + 1.34% 7.68 + 1.11%% 24.5 + 2.09%Y
Iron
Muscle 25.5 4+ 226" 33.6 + 2.90%* 21.1 + 2.06™* 382 + 4.03°*
Gill 66.4 £ 10.5Y 117 £ 12.3% 58.4 + 827 170 + 18.4%%
Manganese
Muscle 2.98 + 0.63%* 1.48 + 0.51%°~ 0.15 + 0.05°~ 0.94 + 0.12°~
Gill 12.8 £ 2.16% 17.7 + 4.12%Y 2.02 + 0.47%Y 11.78 & 2.79*Y
Nickel
Muscle 0.43 + 0.11%% 0.45 + 0.17%% 0.24 + 0.12%% 0.39 + 0.16™*
Horizontally letters a, b and ¢ Gill 1.96 + 0.56™Y 1.53 & 0.29°%¥ 0.46 & 0.08°* 1.34 & 0.18*>*
show differences among sites in Zinc
the same tissues, vertically x Muscle 18.1 + 1.020% 16.9 + 1.57%% 13.9 + 0.93% 20.1 + 1.425%
and y show differences between . ax b b abx
tissues for same metal. Within Gill 11.5 £+ 0.85% 8.15 + 0.52%Y 7.69 + 0.87°Y 9.48 + 0.67™
columns, means with the same Aluminum
letter are not significant, Muscle 1.20 £ 0.18%* 13.7 £ 3.41%% 131 £ 0.12% 521 + 0.55%%
p>0.05 Gill 6.05 + 1.17%Y 72.4 + 14.9%Y 10.5 + 3.79%Y 77.1 £ 11.9°Y

* Lk. Lake, Lg. Lagoon

those reported by Mortimer (1999), and for both tissues,
agreed well with the findings presented by Bjerregaard
and Depledge (2002) and Thawley et al. (2004). Our
chromium findings for both tissues were lower than those
reported for Runaway Bay (Mortimer 1999), Iskenderun
Bay (Tiirkmen et al. 2006) and Ojo Rivers Lagos (Olowu
et al. 2010). Copper levels obtained for muscles in this
study were lower than those reported for Runaway Bay
(Mortimer 1999) and River Aponwe (Falusi and Ola-
nipekun 2007), but were higher than those reported for
Iskenderun Bay (Tiirkmen et al. 2006) and Ojo Rivers
Lagos (Olowu et al. 2010). On the other hand, our findings
for both tissues were in agreement with ones reported for
Heln®s Bugt (Bjerregaard and Depledge 2002). The levels
of iron obtained for muscles from this study were higher
than those reported for Runaway Bay (Mortimer 1999)
Helnes Bugt (Bjerregaard and Depledge 2002) and
Iskenderun Bay (Tiirkmen et al. 2006), but for gills were
lower than Helnes Bugt. Manganese levels from this
study were lower than those reported for Helna®s Bugt,
Iskenderun Bay and River Aponwe (Bjerregaard and
Depledge 2002; Tiirkmen et al. 2006; Falusi and

@ Springer

Olanipekun 2007), but were agreement with levels pre-
sented for sand crab muscles by Mortimer (1999). Nickel
levels of this study were lower than those reported for
Iskenderun Bay and River Aponwe (Tiirkmen et al. 2006;
Falusi and Olanipekun 2007), but higher than those pre-
sented for sand crab muscles by Mortimer (1999). Our
zinc findings were lower than those reported by Mortimer
(1999), Bjerregaard and Depledge (2002) and Thawley
et al. (2004), but were higher than those reported by Falusi
and Olanipekun (2007) and Olowu et al. 2010). Aluminum
finding of this study were in agreement with values pre-
sented for Iskenderun Bay (Tiirkmen et al. 2006).

The present study is the first for blue crabs in these areas
and supply valuable information about metal contents in
tissues of the crabs from target sites and indirectly indicate
the environmental contamination of the lagoons. Moreover,
these results can also be used to understand the chemical
quality of crabs and to evaluate the possible risk associated
with their consumption. Based on the analyzed samples,
metal concentrations found in the muscles of blue crabs
were not heavily burdened with metals, and the concen-
trations were below the legal values for fish and fishery
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Table 3 Comparison of the mean metal concentrations in C. sapidus with results taken from the other studies (ug g~

References/metals Cd Cr Cu Fe Mn Ni Zn Al
Mortimer and Cox (1999)

Muscle <0.001 0.095-0.736 15.8-28.9 12.1-23.2 1.20-2.80 0.10-0.30 63.1-83.4 -

Whole carab <0.001 0.924-2.59 55.6-78.0 30204870 44.7-60.1 8.90-26.8 49.0-63.5 -
Bjerregaard and Depledge (2002)

Muscle 0.002-0.006 - 7.3-16 14-17 2.5-6.3 - 51-52 -

Gill 0.05-0.06 - 12-16 194-202 15-32 - 9.3-94 -
Thawley et al. (2004)

Muscle 0.06-0.11 - - - - - 51.3-391 -

Gill 0.05-0.17 - - - - - 31.4-214 -
Tiirkmen et al. (2006)

Muscle 0.20-0.55 0.59-1.69 0.74-2.24 8.87-18.8 1.30-3.10 0.66-1.59 3.20-8.03 1.23-17.56
Falusi and Olanipekun (2007)

Different tissues 0.06-0.08 - 27.3-29.1 14.8-15.2 1.56-1.75 4.89-5.0 -
Ayejuyo et al. (2009)

Different tissues 0.23-0.75 0.47-0.67 - - - - 8.31-16.2 -
Olowu et al. (2010)

Different tissues 0.084-4.00 0.031-30.03 0.033-2.75 - 0.024-6.06 -
This study

Muscle 0.03-0.08 0.05-0.13 5.38-11.7 21.1-38.2 0.15-2.98 0.24-0.45 13.9-20.1 1.2-13.7

Gill 0.04-0.10 0.08-0.61 7.68-24.5 58.4-170 2.02-17.7 0.46-1.96 7.69-11.5 6.5-77.1
ISSC (2011) 3 12 - - - 70 - -
TKB (2002) 0.1 - 20 - - - 50
Nauen (1983) 0.05-5.5 1.0 10-100 - - - 30-100

products proposed by Nauen (1983). Measured concentra-
tions in pg 5{1 of Cd (0.03-0.08), Cr (0.05-0.13) and Ni
(0.24-0.45) in crab muscles were lower than ISSC (2011)
limits for crustacean of 3, 12 and 70 for Cd, Cr and Ni,
respectively (Table 3). Turkish acceptable limits for fishery
products are reported as Cd: 0.1, Cu: 20 and Zn: 50 pg g~
(TKB 2002). Comparison of our data with the Turkish
acceptable limits showed that our values for selected
metals are also lower than national guidelines (except the
highest value of Cu in gills). Therefore, it can be concluded
that these metals have posed no threat for consumption of
blue crab muscles for time span of these. However, these
results should be confirmed occasionally by running more
detailed studies in the bay to better monitor and understand
the current situation.
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