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Rapid industrialization and the discharge of potentially
toxic trace metals into the marine environment has become
a serious problem (Gaspic et al. 2002). Marine organisms,
including fish, accumulate contaminants from the envi-
ronment and therefore have been extensively used in
marine pollution monitoring programs (Kiiciiksezgin et al.
2001). Much has also been written about metal levels as a
whole in fish, water and sediment in particular areas (Usero
et al. 2003; Navarro et al. 2006; Tiizen 2003; Tiirkmen
et al. 2005). A metal such as Cu is an essential metal since
it plays an important role in biological systems, whereas
Hg, Cd and Pb are non-essential metals, as they are toxic,
even in trace amounts. The aim of this work was to
determine ranges and variations of potentially toxic trace
metals (Cu, Hg, Cd and Pb) in the fish collected from
various sampling points of the Marmara Sea since these
fish are an important component of the human diet in this
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zone. The species we tested are commonly consumed by
the local population in Turkey, thus we wanted to estimate
the health risk for these seafood consumers.

Materials and Methods

This is a descriptive study. All fish samples were collected
from January to December 2005. Fish samples such as
witting (Merlangius merlangus), grey mullet (Mugil au-
ratus), piceral (Macna smaris), red mullet (Mullus barba-
tus), mussel (Elliptio buckleyi Lea, 1843), Bakalyaro hake
(Merluccius merluccius), anchovy (Engraulis encrasico-
lus), two banded bream (Diplotus vulgaris), striped bream
(Pagellus erythrinus), common sole (Solea solea), blue fish
(Pomatomus saltator), pilchard (Sardina pilchardus),
Atlantic mackerel (Scomber scombrus), scad (Trachurus
mediterraneus), chub mackerel (Scomber japonicus), gav
fish (Belone belone), Atlantic bonito (Sarda sarda), sil-
verside (Atherina boyeri), blue fish (Pomatomus saltator),
and shrimp are abundant and commercially valuable spe-
cies in the Marmara Sea.

Fish (100 samples) were purchased from local fisherman
and were brought to the laboratory on the same day. Sample
preparation and analysis were conducted according to the
procedure described by Bernhard (1976). Fish samples were
homogenized in a blender and one gram of homogenate was
digested. A microwave digestion system (Berghof MWS3+)
was used to prepare the samples for analysis. In recent
years, microwave digestion processes have been used in
numereous studies (Kiigiiksezgin et al. 2001; Machado et al.
1999; Usero et al. 2003) owing to the advantages of this
technique, which include speed of digestion and less pos-
sibility of contamination during the process. Samples
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(without skin) were mixed with 5 ml HNO3(65%) and 5 ml
H,SO, in polypropylene vials. After 10 minutes of mixing,
1 ml H,O, was added and samples were placed in a
microwave (1 hour at 105°C). After digestion, the residues
were diluted to 25 ml with HNO3 (0.3%) (Canli and Ath
2003; Glumni et al. 1994; Stahr 1977; Sures et al. 1995).
Instrument-calibrated standard solutions were prepared
from commercial materials. Following acid digestion, all
the samples were analyzed for 4 elements (Cu, Pb, Cd, and
Hg) by atomic absorption spectrophotometer (AAS). Cu,
Cd and Pb were analyzed in a graphite furnace (Perkin
Elmer A Analyst 800 with Zeeman Background Corrector)
with an autosampler. Detection limits for Cu, Cd and Pb
were 0.014 pg/L, 0.002 png/L and 0.05 ng/L, respectively.
Wavelengths for Cu, Cd and Pb were 324.8 nm, 228.8 nm
and 283.3nm, respectively. Also hydride-generation tech-
nique (detection limit 0.009 pg/L) was used for analysis of
Hg. Wavelength was 253.7 nm for Hg. All reagents used for
these analyses were of analytical grade. Statistical analysis
of data was carried out using SPSS statistical package
programs. The quality of data was checked by the analysis
of certified reference material (fishDORM-2, National
Research Council, Canada).

Results and Discussion

A total of 100 fish samples were analyzed. It is well known
that fish are able to concentrate heavy metals such as mer-

cury (Hg), cadmium (Cd), copper (Cu), lead (Pb), and many
others in their tissues; therefore, they can be used for
monitoring heavy metal pollution of the environment. In the
present study, four metals were analyzed in muscle tissue of
fish collected from different regions of Marmara Sea. The
heavy metal (Pb, Cd and Hg) and trace element (Cu) con-
centrations in fish species are given in Table 1. According
to the Turkish Food Codex Regulation (1997), Hg, Pb, Cu
and Cd levels of fish should not exceed 0.5, 1.0, 20 and 0.1
mg kg! (wet mass), respectively. The fish species analyzed
are used for human consumption. Cd (1.122 + 0.0535 mg
kg™") and Hg (1.750 + 0.0262 mg kg™") levels in the edible
mussel from the Marmara Sea were higher than the maxi-
mum permissible value in Turkey. Generally, the overall
mercury levels in Bakalyaro hake (0.518 = 0.0340 mg kg ™)
and anchovy (0.550+0.0400 mg kg~') samples were higher
than the maximum permissible value, while the mean
mercury content in striped mullet, shrimp, blue fish (25 cm)
and two banded bream was slightly lower in comparison to
the maximum permissible value. In this study, Turkey
maximum levels for Pb and Cu were not exceeded in the
muscle of any of the fish analyzed.

Metal contents in mussels were evaluated in some
studies (Bat et al. 1999; Cetinkaya 1996; Karadede and
Unlu 2000; Kiiciiksezgin et al. 2001; Sunlu 2002; Sentiirk
1993; Topguoglu 2002) in Turkey. Bat et al. (1999)
determined Cu, Zn, Pb and Cd concentrations in the
mediterranean mussel Myltilus galloprovicialis Lamarck,
1819from the Sinop Coast of the Black Sea. Seasonal

Table 1 Metal concentration

mg kg™' in fish species

(expressed as mean

concentration + SD, n = 5)

* Higher than the maximum

permissible value

Fish species

Hg (X+SD)

Pb (X+SD)

Cu (X+SD)

Cd (X+SD)

Witting

Grey mullet
Piceral

Red mullet
Mussel
Bakalyaro hake
Anchovy

Two banded bream
Striped bream
Common sole
Blue fish (15cm)
Pilchard

Atlantic mackerel
Scad

Chub mackerel
Gav fish

Atlantic bonito
Silverside
Shrimp

Blue fish (25cm)

0.0352 + 0.0079
0.0074 + 0.0011
0.032 + 0.0057
0.434 £ 0.0127
1.750 + 0.0262"
0.518 + 0.0340"
0.550 = 0.0400"
0.378 + 0.0171
0.290 *+ 0.0436
0.329 + 0.0224
0.028 + 0.0079
0.242 + 0.0333
0.013 + 0.0038
0.053 £ 0.0120
0.035 + 0.0103
0.022 + 0.0046
0.374 + 0.0361
0.034 £ 0.0115
0.464 + 0.0403
0.421 * 0.0468

0.207 = 0.0336
0.124 = 0.0178
0.082 = 0.0391
0.035 + 0.0336
0.822 + 0.0966
0.045 = 0.0217
0.099 = 0.0188
0.052 + 0.0310
0.269 = 0.0608
0.133 + 0.0256
0.108 = 0.0501
0.142 + 0.0453
0.074 = 0.0431
0.074 = 0.0259
0.063 + 0.0296
0.062 = 0.0190
0.228 + 0.0222
0.019 = 0.0167
0.167 = 0.0211
0.270 = 0.0423

9.487 + 0.4540
1.890 + 0.0905
0.392 = 0.0378
0.300 = 0.0171
1.232 + 0.0873
0.243 = 0.0358
3.492 x 0.0446
0.298 = 0.0508
0.234 + 0.0566
0.370 £ 0.0210
0.628 = 0.0427
0.558 = 0.0251
0.567 = 0.0377
0.381 + 0.0308
0.396 + 0.0226
0.298 = 0.0264
0.854 + 0.0552
0.319 + 0.0538
0.880 = 0.0587
1.104 = 0.0594

0.054 + 0.0303
0.036 + 0.0210
0.039 = 0.0196
0.012 + 0.0054
1.122 + 0.0535"
0.046 = 0.0370
0.027 + 0.0353
0.017 + 0.0078
0.025 + 0.0085
0.022 + 0.0072
0.043 + 0.0407
0.008 + 0.0032
0.021 = 0.0150
0.010 + 0.0055
0.011 * 0.0063
0.029 + 0.0102
0.032 + 0.0178
0.017 = 0.0079
0.016 + 0.0090
0.012 + 0.0104
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differences were also evaluated in the same study and the
levels of metals found were generally lower than the per-
mitted levels by Bat et al. (1999). Sentiirk (1993) studied
Hg, Cd and Pb concentrations in mussels AAS. In that
study, mussels were collected from different areas of the
Marmara Sea. Hg, Cd and Pb contents for Anadolu Kavagi
were 0.34 ppm, 0.15 ppm and 0.85 ppm, respectively; for
Yenikap1 0.63 ppm, 0.70 ppm and 0.81 ppm respectively.
Pb, Cd, Hg and Cu contents were 0.29-1.1, 0.08-0.46,
0.02-0.07 and 1.1-4.9 ppm, respectively, in mussels. Sunlu
(2002) determined heavy metal levels in M. galloprovin-
cialis Lamarck, 1819for the Bay of Izmir: Pb, Cd and Cu
contents for five different parts of the Bay were 0.58-1.82,
0.04-1.12 and 0.32-3.25 ppm, respectively. Compared to
our study, these Pb and Cu levels are higher, while the Cd
levels are similar. Furthermore, the levels of Cu and Pb we
observed are lower than those reported by Catsiki et al.
(2004), where they found Cu and Pb levels of 4.10-6.94
and 0.59-3.26 ppm, respectively. Glynn et al. (2003)
investigated trace metal concentrations in shellfish from
Irish waters. Cd, Cu, Pb and Hg levels in mussel tissue
were found to be 0.263, 8.33, 1.95 and 0.182 ppm,
respectively. These findings were higher for Cd and Hg and
lower for Pb and Cu than our findings. Maximum levels for
Hg, Pb and Cd in foodstuffs, including bivalve mussels
were evaluated in EU Commission Regulation 466/2001/
EEC (as amended by Regulation 221/2002/EC). Standard
levels for Cd, Pb, and Hg are 0.05 mg/kg, 0.2 mg/kg, and
0.5 mg/kg, respectively; in our study, Cd and Hg levels in
Marmara Sea mussels were higher than the standard level
dictated by EU regulation (2003).

Filazi et al. (2003) found muscle tissue in grey mullet
collected from Black Sea contained Cu, Pb and Cd at 0.30—
1.00, 0.57-1.12 and 0.10-0.40 pg kg ', respectively. In
our study, we found higher levels of Cu, Pb and Cd than
Filazi et al. (2003). Gaspic et al. (2002) have reported
muscle tissue in hake collected from the Adriatic Sea to
contain 4.1-29 pg kg' Cd and 49-158 g kg ~' Pb: Cd and
Pb levels in our study were higher. Tiirkmen et al. (2005)
reported Cd, Pb and Cu in the muscle tissue of red mullet
collected from the northeastern Mediterranean Sea at levels
of 0.831 mg kg™!, 1.808 mg kg™, 2.201 mg kg™', respec-
tively. In our study, Cd, Pb and Cu were observed at lower
concentrations than the Tiirkmen et al (2005) study. Canli
and Atli (2003) found Cd, Pb and Cu concentrations higher
than our study in the muscle tissue of silverside, grey
mullet, chub mackerel and pilchard collected from the
Mediterranean Sea. Compared to the results of Mormede
and Davies (2001), slightly higher levels of Cd were found
in whiting and hake in our study; lower median concen-
trations of Cu in whiting and Pb in whiting and Bakalyaro
hake were observed in our study. In other studies, the
highest concentrations of Hg, Pb, Cu and Cd were found in
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liver, showing the detoxification and accumulation role of
that organ. There were very low levels of these metals in
the muscle tissue. However, muscle is commonly analyzed
because it is the main fish part consumed by humans and
therefore has health risk implications (Henry et al. 2004).
The concentrations of heavy metals observed in muscle
tissue in our study are all below the Turkish Food Codex
limits for human consumption. Mussels are recognized as a
pollution bioindicator organism as they accumulate pollu-
tants in their tissues at elevated levels in relation to pol-
lutant biological availability in the marine environment
(Bat et al. 1999; Machado et al. 1999). These heavy metals
are introduced to the Marmara Sea by rivers, direct dis-
charge of industrial wastes, and agricultural and municipal
usage. In addition, the metal levels in the marine envi-
ronment have increased due to oil pollution and airborne
contaminants. Deep-water fisheries are becoming more and
more important, and there is a paucity of chemical moni-
toring of these fisheries (Mormede and Davies 2001).

References

Bat L, Giindogdu A, Oztiirk M, Oztiirk M (1999) Copper, zinc, lead
and cadmium concentrations in the Mediterranean mussel
Mpytilus galloprovincialis Lamarck, 1819 from the Sinop Coast
of the Black Sea. Turkish J Zool 23:321-326

Bernhard M (1976) Manual of methods in aquatic environment
research, part 3: sampling and analyses of biological material.
FAO Fish Tech Paper No. 158, UNEP Rome

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

Catsiki V, Hatzianestis I, Rigas F (2004) Distribution of metals and
organic contaminants in mussels from Thermaikos Gulf. Global
Nest: The International Journal, 5:117-124

Cetinkaya O (1996) A freshwater mussel species Unio stevenianus
Krynicki 1837 (Mollusca: Bivalvia: Unionidae) from the river
Karasu flowing into Lake Van, Turkey. Turkish J Zool 20:169-173

Filazi A, Baskaya R, Kum C, Hismiogullar1 SE (2003) Metal
concentrations in tissue of the Black Sea fish Mugil auratus from
Sinop-Icliman, Turkey. Hum Exp Toxicol 22:85-87

Gaspic ZK, Zvonaric T, Vrgoc N, Odzak N, Baric A (2002) Cadmium
and lead in selected tissues of two commercially important fish
species from the Adriatic Sea. Water Res 36:5023-5028

Glumni M, Ostacoli G, Zelano V (1994) Comparison between
microwave and conventional heating procedures in Tessier’s
extractions of calcium, copper, iron and manganese in a lagoon
sediment. Analyst 119:2075-2080

Glynn D, Tyrrell L, McHugh B, Rowe A, Monaghan E, Costello J,
McGovern E (2003) Trace metal and chlorinated hydrocarbon
concentrations in shellfish from Irish Waters 2001. Marine
Institute, Marine Environment and Food Safety Services,
Abbotstown, Dublin 15

Henry F, Amara R., Courcot L, Lacouture D, Bertho M L (2004)
Heavy metals in four fish species from the Southern Bight of the
North Sea. Environ Int 30:675-683

Karadede H, Unlu E (2000) Concentrations of some heavy metals in
water, sediment and fish species from the Atatiirk Dam Lake
(Euphrates), Turkey. Chemosphere 41:1371-1376.



Bull Environ Contam Toxicol (2007) 78:258-261

261

Kiiciiksezgin F, Altay O, Uluturhan E, Kontas A (2001) Trace metal
and organochlorine residue levels in Red Mullet (Mullus
barbatus) from the Eastern Agean, Turkey. Water Res
35:2327-2332

Machado LM, Bebianno MIJ, Boski T, Moura DM (1999) Trace
metals on the Algarve Coast, II: Bioaccumulation in mussels
Mpytilus galloprovincialis(Lamarck, 1819). Bol Inst Esp Ocea-
nogr 15:465-471

Mormede S, Davies IM, (2001) Heavy metal concentrations in
commercial deep-sea fish from the Rockall Trough. Cont Shelf
Res 21:899-916

Navarro P, Raposo JC, Arana G, Etxebarria N (2006) Optimasation of
microwave assisted digestion of sediments and determination of
Sn and Hg. Anal Chim Acta 566:37—44

Stahr MM (1977) Analytical toxicology methods manual. Iowa State
University Press, Ames

Sunlu U (2002) Comparison of heavy metal levels in native and
cultured mussel Mytilus galloprovincialis (L. 1758) from the
Bay of Izmir (Aegean Sea/Turkey). Mediterranean mussel
watch-designing a regional program for detecting radionuclides
and trace-contaminants, Marseilles, 18-20 April, 2002

Sures B, Taraschewski H, Haug C (1995) Determination of trace
metals (Cd, Pb) in fish by electrothermal atomic absorption

spectrometry after microwave digestion. Anal Chem Acta
311:135-139

Topguoglu S (2002) Monitoring of radionuclides and heavy metals in
Turkish Black Sea Coast, Bosphorus and Marmara Sea using
mussels (Mytilus galloprovincialis) as a bioindicator. Mediter-
ranean bussel watch-designing a regional program for detecting
radionuclides and trace-contaminants, Marseilles, 18-20 April,
2002

Turkish Food Codex Regulations. Metal ve metaloidlerin maksimum
rezidu limitleri. Resmi Gazete No. 23172 ve 16.11.1997 tarih,
1997

Tiirkmen A, Tirkmen M, Tepe Y, Akyurt I (2005) Heavy metal in
tree commercially valuable fish species from Iskenderun Bay,
Northern East Mediterranean Sea, Turkey. Food Chem 91:167-
172

Tiizen M. (2003) Determination of heavy metals in fish samples of the
middle Black Sea (Turkey) by graphite furnace atomic absorp-
tion spectrometry. Food Chem 80:119-123

Usero J, Izquierdo C, Morillo J, Gracia I (2003) Heavy metals in fish
(Solea vulgaris, Anguilla anguilla and Liza aurata) from salt
marshes on the southern Atlantic coast of Spain. Environ Int
29:949-956

@ Springer



	Cadmium, Lead, Mercury and Copper in Fish from the Marmara Sea, Turkey
	Materials and Methods
	Results and Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


