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Comparative study of heavy metals and selenium 
accumulation in the digestive gland and gills of 
Mytilus galloprovincialis (Lamarck, 1819) caught 
in Izmir Bay (Turkey)

[İzmir Körfezi’nden (Türkiye) yakalanan Mytilus galloprovincialis 
(Lamarck, 1819)’un sindirim bezi ve solungaçlarındaki ağır metal 
ve selenyum içeriklerinin karşılaştırması]

ABSTRACT
Objective: The aim of this study was to evaluate heavy metals (Cr, Fe, Ni, Cu, Zn, As, Cd, 
Hg, Pb) and selenium levels in digestive gland and gill tissues of wild Mediterranean mussel 
Mytilus galloprovincialis (Lamarck, 1819) collected from four locations in Izmir Bay.
Methods: A total of 180 samples of the wild Mediterranean mussel M. galloprovincialis with 
shell length of 50-60 mm were collected from four locations. Inductively coupled plasma-
mass spectroscopy was used to determine heavy metals and selenium concentrations in mussel 
samples after microwave digestion process.
Results: The highest values (mg kg-1 dry weight) obtained for digestive gland and gills were 
0.17 and 0.15 for Cr, 28.62 and 29.49 for Fe, 0.25 and 0.29 for Ni, 2.53 and 1.78 for Cu, 
18.52 and 22.03 for Zn, 1.26 and 1.08 for As, 0.04 and 0.04 for Cd, 0.02 and 0.02 for Hg, 0.19 
and 0.16 for Pb, 0.40 and 0.48 for Se, respectively. Statistically significant differences among 
digestive gland and gills (p<0.05) were found for Cr, Ni, Zn, As, Se and Cd. In general, the 
levels of the studied elements were higher for the Karşıyaka than for other three stations.
Conclusion: The low levels of toxic metals (Cd, Hg, Pb, Cr, Ni) found in tissues of M. 
galloprovincialis, comparing with the other studies including taken place in the Inner of Izmir 
Bay. M. galloprovincialis can be used as a sensitive biomonitor for the availabilities of studied 
elements in the Inner Bay of Izmir, Turkey.
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ÖZET
Amaç: Bu çalışmanın amacı İzmir Körfezi’nden dört lokasyondan toplanan doğal Akdeniz 
midyesi Mytilus galloprovincialis (Lamarck, 1819)’in sindirim bezleri ve solungaç dokuların-
daki ağır metal (Cr, Fe, Ni, Cu, Zn, As, Cd, Hg, Pb) ve selenyum seviyelerini değerlendirmektir.
Metod: Dört lokasyondan kabuk uzunlukları 50-60 mm arasında olan toplam 180 doğal Akde-
niz midye M. galloprovincialis örnekleri toplandı. Mikrodalga yakma işleminden sonra midye 
örneklerindeki ağır metal ve selenium konsantrasyonları belirlemek için indüktif olarak eşleşti-
rilmiş kütle spektroskopisi kullanıldı.
Bulgular: Sindirim bezi ve solungaçlar için elde edilen en yüksek değerler (mg kg-1 kuru ağır-
lık) sırasıyla 0.17 ve 0.15 Cr, 28.62 ve 29.49 Fe, 0.25 ve 0.29 Ni, 2.53-1.78 Cu, 18.52 ve 22.03 
Zn, 1.26 ve 1.08 As, 0.04 ve 0.04 Cd, 0.02 ve 0.02 Hg, 0.19 ve 0.16 Pb, 0.40 ve 0.48 Se’dur. 
Cr, Ni, Zn, As, Se ve Cd için sindirim bezi ve solungaçlar arasında istatistiksel olarak anlamlı 
farklılık bulundu (p<0.05). Genelde, çalışılan elementlerin seviyeleri Karşıyaka’da diğer üç 
istasyondan daha yüksek bulundu. 
Sonuç: İzmir Körfezi’nde yapılan digger çalışmalarla karşılaştırıldığında M. galloprovincialis 
dokularında düşük seviyelerde toksik metal (Cd, Hg, Pb, Cr, Ni) bulundu. M. galloprovincialis 
İzmir İç Körfezinde çalışılan elementler yönünden duyarlı bir biyomonitör olarak kullanılabilir.
Anahtar Kelimeler: Mytilus galloprovincialis, solungaç, sindirim bezi, ağır metal, selenium, 
İzmir Körfezi
Çıkar Çatışması: Yazarların çıkar çatışması yoktur.
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and the effects of these plants on ecosystem of the Izmir 
bay have been monitored [15,18]. 
ICP-MS as a technique for the inorganic trace analysis 
shows an excellent sensitivity for a large numbers of ele-
ments of interest and the speed of measurement makes it 
suitable for routine, multielement determinations at trace 
and ultratrace levels. Important characteristic is the abil-
ity to detect and measure concentrations of analyzed ele-
ments at very low levels [19,20]. 
The aim of this study was to quantify and compare heavy 
metals and selenium in digestive glands and gill tissues 
of M. galloprovincialis collected from four locations in 
Izmir Bay. 

Material and Methods
Izmir Bay is located in the eastern Aegean Sea between 
latitudes of 38°20’ and 38°42’ N and longitudes of 29°25’ 
- 27°10’ E. It is one of the largest natural bays of the Med-
iterranean. Izmir which is the third largest city in Turkey 
is located at the west part of the Anatolian peninsula and 
it is an important industrial and commercial center and a 
cultural focal point. The Izmir Bay has been considered 
dividing into three areas as Outer, Middle and Inner Bay 
according to their physical characteristics. The main in-
dustries in the region include food processing, oil, soap 
and paint production, chemical industries, paper and pulp 
factories, textile industries and metal processing [21-23]. 
A total of 180 samples of the wild mussel M. gallopro-
vincialis with shell length of 50-60 mm were collected 
from four locations [1: Pasaport (vicinity of the Pasaport 
Ferry Bridge), 2: Alsancak (near the Izmir Harbour), 3: 
Karşıyaka (vicinity of the Karşıyaka Ferry Bridge) and 
4: Bostanlı (near the Bostanlı Ferry Bridge)] in the Izmir 
Bay in early spring 2010. The collection points were 
shown in Figure 1. Immediately after collection, mussels 

Turk J Biochem 2015; 40(2):140-148 141 Yabanlı et al.

Introduction
Metals, such as Cd, Ni, Cr, Pb and Hg are toxic in aquat-
ic organisms mainly because of the oxidative potential 
whereas other metals, such as Fe, Zn, Cu, Se and Mn are 
essential for their metabolism but become toxic when 
their concentrations are excessive [1]. The interactions of 
Se, which is also an essential micronutrient for organisms, 
with the heavy metals such as Hg and As have reported 
in aquatic vertebrates and invertebrates [2-5]. Since the 
metal pollution in aquatic ecosystems can be harmful to 
human health, it is necessary to understand and control 
the hazard levels of pollution in seafood [6]. 
It has been recognized in recent years that risk assessment 
of environmental pollution cannot be based solely on 
chemical analysis because it does not provide a clear indi-
cation of toxic effects of pollutant on the aquatic biota [7].
The word “mussel” is most frequently used to mean the 
edible bivalves of the marine family Mytilidae, most of 
which live on exposed shores in the intertidal zone and 
are of great interest since they are intensively fished and 
cultured worldwide for human consumption. Mussels are 
sedentary organisms filtrating large amounts of water al-
lowing them to accumulate the substances from the envi-
ronment. This characteristic makes it possible to use them 
as “bioindicators” in an aquatic environment. M. gallopro-
vincialis is a very sensitive ‘early warning’ tool for heavy 
metal contamination of a marine environment [8-10].
There have been many studies carried out concerning 
metal pollution and eutrophication in the Izmir Bay, es-
pecially the Inner Bay reported as polluted area in terms 
of heavy metal, trace elements, inorganic and organic 
matters [11-17]. The Metropolitan Wastewater Treatment 
Plants initiated for domestic and industrial wastes in 2000 
has increased its capacity with new plants and facilities by 
The Izmir Metropolitan Municipality in the last decade, 

Figure 1. The study area (1: Pasaport, 2: Alsancak, 3: Karşıyaka, 4: Bostanlı).



following procedure [9]; for each homogenized samples, 
0.3 g homogenate (wet weight) was weighed and placed 
in Polytetrafluoroethylene (PTFE) vessel with 65% nitric 
acid/30% hydrogen peroxide (4:2). Material was then 
subjected to a microwave program (Table 1). After di-
gestion procedure, the samples and blank solution were 
brought to a volume of 25 mL with ultrapure water. 
The estimated average daily intake rate (DIR) of analyzed 
elements were calculated using the following equation 
[24], DIR (µg analyzed element/kg-bodyweight/day) = 
(CmetalxDfood intake)/Baverage weight where, Cmetal: The mean 
total tissue (gill and digestive gland) heavy metal and se-
lenium concentrations in mussel (µg kg-1), Dfood intake: Daily 
intake of mussel (kg person-1), fish consumption rate for 
the year 2010 was 6.918 kg per person in Turkey [25]; 
As annual rate of mussel consumption is not known, the 
calculation is made through annual rate of fish consump-
tion.) and Baverage weight: Average body weight (kg 
person-1), in a risk assessment, a body weight of 70 kg 

were transferred freshly to the laboratory where gills and 
digestive glands were dissected. The samples of M. gal-
loprovincialis from each location were separated into 3 
groups. Each groups included 15 individuals.
All reagents used were of analytical quality (nitric acid, 
65% suprapure Merck; Hydrogen peroxide, 30% supra-
pure Merck). Multi-element calibration solutions of all 
investigated elements were prepared daily by dilution of 
10 mg/L mix element standard stock solution (Agilent 
Multi-Element Calibration Standard-2A, 8500-6940) and 
10 mg/L mercury standard stock solution (Agilent Mer-
cury Calibration Standard, 8500-6941). 
An ELGA Model deionizer system was used to prepare 
deionized water (resistivity: 18.0 MΩ cm). Berghof 
speedwave MWS-3 microwave digestion system with 
DAP 60+ vessels was used to digest fish samples prior 
to metal analysis. Inductively coupled plasma-mass spec-
troscopy (Agilent 7700x) with auto sampler (Agilent 
ASX-500) was used to analyze digested samples for total 
metals. 
The mussel samples were treated by deionized water 
before dissection. Digestion glands and gill tissues of 
mussels were dissected. Tissues were homogenized thor-
oughly in a laboratory blender (Waring trade marker) with 
stainless steel cutters (each homogenized sample groups 
were composed of 15 individuals), and then freeze-dried. 
Digestion of the dried samples were carried out using the 
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Table 2.	 The concentrations of studied elements in digestive gland and gills of M. galloprovincialis

Element	 Tissue	 n	 Concentrations (mg kg-1 dry weight)	 p values

			   Minimum	 Maximum	 Mean±SD	

Cr	 G	 180	 0.09	 0.15	 0.12±0.02	 0.040*

	 D	 180	 0.07	 0.17	 0.09±0.03	

Fe	 G	 180	 12.22	 29.49	 18.34±6.15	 0.186

	 D	 180	 8.89	 28.62	 15.88±7.12	

Ni	 G	 180	 0.17	 0.33	 0.22±0.06	 0.000*

	 D	 180	 0.05	 0.25	 0.12±0.07	

Cu	 G	 180	 0.69	 1.78	 1.04±0.41	 0.831

	 D	 180	 0.42	 2.53	 1.06±0.71	

Zn	 G	 180	 10.46	 22.03	 16.00±4.02	 0.021*

	 D	 180	 8.14	 18.52	 12.47±3.55	

As	 G	 180	 0.95	 1.08	 0.99±0.04	 0.000*

	 D	 180	 1.15	 1.26	 1.19±0.04	

Cd	 G	 180	 0.03	 0.04	 0.03±0.00	 0.001*

	 D	 180	 0.01	 0.04	 0.02±0.00	

Hg	 G	 180	 0.01	 0.02	 0.01±0.00	 0.039*

	 D	 180	 0.01	 0.02	 0.02±0.00	

Pb	 G	 180	 nd	 0.16	 0.05±0.06	 0.154

	 D	 180	 nd	 0.19	 0.04±0.07	

Se	 G	 180	 0.43	 0.48	 0.45±0.02	 0.000*

	 D	 180	 0.32	 0.40	 0.36±0.03	

G: Gills; D: Digestive gland; nd: not detected; SD: Standard deviation.*: indicates paired-samples t-test at α=0.05.

Table 1.	 Microwave digestion process

Step	 1	 2	 3	 4

Temperature (ºC)	 160	 190	 190	 100

Ramp (min)	 5	 1	 1	 1

Hold (min)	 5	 5	 10	 10



Figure 2 shows Box-Whisker plots for the measured con-
centrations, which describe the median marked by a ver-
tical line, the quartiles as the 25th and 75th percentiles 
drawn by a box, and the minimum and maximum values 
as whiskers.
According to ANOVA results as shown Table 3, there 
were no statistically significant differences between the 
studied tissues in terms of Fe, Cu and Hg but Cr, Ni, Zn, 
As, Se, Cd, Pb. The results of ANOVA also indicated that 
the significant differences weren’t found among sam-
pling stations in terms of Cr, As, Se, Cd. However, the 
other elements have shown significant differences in the 
stations. Remarkably, Tukey post-hoc analysis separated 
station 1 and 3 in terms of these elements. Also, no sig-
nificant differences were found between station 1 and 2, 
except for Zn.
Concentrations of the studied elements and their compari-
son to data from the literature are given in Table 4. The 
mean chromium concentrations of the analyzed soft tis-
sues of mussels were 0.12 mg kg-1 dw for gills, 0.09 mg 
kg-1 for digestive glands. Mean cadmium concentrations 
of soft tissues of M. galloprovincialis were found as 4.92-
8.01 92 mg kg-1 dw in Spanish North Atlantic Coast [28]. 
The mean iron concentrations measured in our study is 
lower than that reported as 395 mg kg-1 dw in soft tissues 
of mussels in Greece [29]. In a similar way, mean nick-
el levels (16.4 mg kg-1 dw) were found higher than this 
study in soft tissues of mussels in Italy [30]. In the mus-
sels collected from the Eastern Black Sea higher mean 
copper concentrations in soft tissues (90-260 mg kg-1 dw) 
than the current study were detected [31]. Relatively high 
mean concentrations (186-398 mg kg-1 dw) of zinc were 
also found in the soft tissues of mussels in Portugal [32]. 
In general, the arsenic concentrations in soft tissues of 
M. galloprovincialis determined in this study were lower 
than reported in Eastern Black Sea [31] and the East coast 
of the Middle Adriatic Sea [10]. Fe, Ni, Cu, Zn Iron, nick-
el, cobalt and zinc in the soft tissues of M. galloprovin-
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is generally used to represent a typical adult weight [26].
The Shapiro-Wilk statistic was performed for each vari-
able obtained by the values of studied elements to ensure 
that a normality in distribution existed. Then the data were 
subjected to one-way analysis of variance (ANOVA) fol-
lowed by Tukey’s post-hoc test to assess significant dif-
ferences between element concentrations in the stations, 
while paired samples t-tests were applied to reveal signifi-
cant differences between the gill and digestive gland. The 
Pearson Correlation coefficients were calculated between 
element concentrations. P-values of 0.05 were considered 
statistically significant. The obtained data were summa-
rized by descriptive statistics and box-whisker plots. Sta-
tistics were performed using SPSS software version 15.0.

Results and Discussion
The corresponding mean, standard deviation, and maxi-
mum-minimum values of metals and Se concentrations 
in the gill and digestive gland of M. galloprovincialis are 
reported in Table 2. Fe has the highest concentrations 
both in the gill and digestive gland while Cd and Hg have 
the lowest values. The measured concentrations can be 
grouped in four sets depending on their similarity of mean 
values (higher to lesser content): Fe-Zn, As-Cu, Cr-Ni-Si, 
and Cd-Pb-Hg. Generally, content of concentrations in the 
digestive gland were lower than concentrations in the gill. 
The magnitude of element concentrations in di-
gestive gland was determined as Fe>Zn>Cu>As 
>Se>Ni>Cr>Pb>Cd>Hg. The data obtained 
showed that accumulated metal concentrations 
in gills generally in the following sequences: 
Fe>Zn>As>Cu>Se>Ni>Cr>Pb>Cd≈Hg. In a similar 
way, the highest metal concentration for the gills reported 
as 151 mg kg-1 for Fe in Saronikos Gulf of Greece [27]. 
Mean metal concentrations in soft tissues of M. gallopro-
vincialis was detected as Fe>Zn>As>Cu>Pb>Ni>Cr by 
Orescanin et al. [10].

Figure 2. Box Whisker plot of measured metal concentrations in gills (G) and digestive 
glands (DG), (—; median, □; 25%-75%, Ӏ; min-max).



lower than these values. The mean cadmium contents in 
analyzed samples showed extremely low concentrations 
(0.02-0.03 mg kg-1 dw) compared to the study (1.3-3.1 
mg kg-1 dw) in Algarve Coast, Portugal [32]. The mean 
lead levels (5.0-21.0 mg kg-1 dw) in M. galloprovincialis 
from the Eastern Black Sea, Turkey [31] were also higher 

cialis collected along the Montenegrin coastline were de-
termined at lower levels comparing the results of current 
study [33]. According to the research in Spanish North 
Atlantic coast [28], the mean mercury concentrations 
in mussel presented as 0.11-0.25 mg kg-1 dw. Obtained 
mean mercury levels in the present study were found as 
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Table 3.	 The concentrations of studied elements of M. galloprovincialis between stations 

Element	 Stations	 Concentrations (mg kg-1 dry weight)		 p values

		  Minimum	 Maximum	 Mean±SD	

Cr	 S1	 0.08	 0.13	 0.10±0.02	 0.960

	 S2	 0.07	 0.15	 0.11±0.03	

	 S3	 0.09	 0.17	 0.11±0.03	

	 S4	 0.08	 0.13	 0.11±0.02	

Fe	 S1	 9.11	 14.49	 11.56±2.66a	 0.000*

	 S2	 8.89	 12.90	 11.57±1.54a	

	 S3	 18.39	 28.62	 22.67±3.95c	

	 S4	 16.17	 29.49	 22.65±5.42c	

Ni	 S1	 0.05	 0.18	 0.12±0.07a	 0.002*

	 S2	 0.05	 0.18	 0.13±0.06a	

	 S3	 0.17	 0.33	 0.26±0.06b	

	 S4	 0.12	 0.22	 0.17±0.04a	

Cu	 S1	 0.42	 0.81	 0.64±0.16a	 0.000*

	 S2	 0.52	 0.75	 0.65±0.09a	

	 S3	 1.62	 2.53	 1.93±0.34c	

	 S4	 0.82	 1.18	 0.98±0.12d	

Zn	 S1	 8.14	 10.85	 9.92±1.00a	 0.004*

	 S2	 11.07	 22.03	 16.35±5.09b	

	 S3	 13.85	 18.52	 17.05±1.79b	

	 S4	 10.75	 18.15	 13.61±3.21ab	

As	 S1	 0.95	 1.21	 1.07±0.12	 0.779

	 S2	 0.96	 1.23	 1.10±0.14	

	 S3	 0.95	 1.18	 1.07±0.11	

	 S4	 1.03	 1.26	 1.13±0.09	

Cd	 S1	 0.01	 0.04	 0.03±0.01	 0.217

	 S2	 0.02	 0.03	 0.03±0.01	

	 S3	 0.03	 0.04	 0.03±0.01	

	 S4	 0.02	 0.04	 0.03±0.01	

Hg	 S1	 0.02	 0.02	 0.02±0.00a	 0.001*

	 S2	 0.01	 0.02	 0.02±0.01ac	

	 S3	 0.01	 0.01	 0.01±0.00d	

	 S4	 0.01	 0.02	 0.01±0.01c	

Pb	 S1	 nd	 nd	 nd	 0.000*

	 S2	 nd	 0.07	 0.03±0.04a	

	 S3	 0.10	 0.19	 0.14±0.03b	

	 S4	 nd	 nd	 nd	

Se	 S1	 0.32	 0.45	 0.40±0.06	 0.758

	 S2	 0.34	 0.46	 0.40±0.06	

	 S3	 0.39	 0.48	 0.42±0.03	

	 S4	 0.35	 0.45	 0.40±0.04	

S1: S2: S3: S4; nd: not detected; SD: Standard deviation. Different superscript letters (a, b, c, d) within same element 
indicate significant (p<0.05) differences among groups by one-way ANOVA followed by Tukey’s post-hoc test.



lenium concentrations in current study is lower than that 
reported as 0.90 mg kg-1 dw [34]. 
In the Inner of Izmir Bay, Fe, Zn and Pb measurements in 
the soft tissues of M. galloprovincialis sampled in 2003 
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than the present study. We did not find any data for sele-
nium in soft tissues of M. galloprovincialis. Therefore we 
compared the mean selenium levels obtained from data in 
soft tissues of Mytilus [edulis] trossulus and the mean se-
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Arsenic is found in nature as organic and inorganic arse-
nic. Organic arsenic is considered as non-toxic [45]. The 
most toxic arsenic formsa re the inorganic ones (As III 
and As V). According to New Zealand legislation, inor-
ganic limit value is 2 mg kg-1 [46]. The maximum mean 
arsenic amount found in this study (1.19 mg kg-1) did not 
exceed this limit.
Also, the estimated daily intake rate (DIR) determined for 
each one of the elements considering an adult person was 
compared with tolerable reference oral dose levels (Table 
5) and it was seen that there was noy any danger for hu-
man health.

Conclusion
The continuous study of the marine environmental condi-
tions is generally one of the tasks that all the countries 
must accomplish in order to prevent and eliminate pol-
lution [49]. From a detailed statistical analysis of these 
results, we can make the following considerations:
- Bioaccumulation levels of the Cr, Ni, Zn, As, Cd and Se 
varied obviously depending on the factor of tissues. 
- M. galloprovincialis samples collected from different 
locations had significantly different heavy metal concen-
trations.
- Gills had higher concentrations for Cr, Fe, Ni, Zn, Cd, 
Pb, and Se compared to digestive gland. 
- Fe and Zn contents were high both digestive gland and 
gills at all sites. 
- Se showed negative correlations with Hg (r=-0.444, 
p<0.05) and As (r=-0. 869, p<0.05) but the other mea-
sured heavy metals did not. Regarding Se kinetics, further 
research based on long-term field data is needed on rela-
tionship between this element and heavy metals. 
-There is not any risk in consuming the species of M. gal-
loprovincialis obtained from İzmir Bay in terms of stud-
ied heavy metals.
- The low levels of toxic metals (Cd, Hg, Pb, Cr, Ni) were 
found in tissues of M. galloprovincialis, despite consider-
able urbanization and vessel traffic in the Izmir Bay, com-
paring with the other studies including the ones, which 
took place in the Inner of Izmir Bay. This situation might 
turn out to be a consequence of waste water treatment ac-
tivities during the last decade in the bay.

and 2004 reported as lower levels than measurements re-
markably in this study, while Cu levels were relatively 
lower than the levels in this study [35]. Fe, Cu, Zn, As, 
and Pb concentrations in the digestive gland and the gills 
of M. galloprovincialis from the North Tyrrhenian Sea 
have also conducted higher levels than their concentra-
tions in this study crucially [36]. Finally, in comparison 
to data reported in other studies (Table 4), our findings for 
M. galloprovincialis indicated that most of the data were 
lower in the literature. 
When the studied heavy metals were considered with re-
gard to public health, the highest mean Cr concentration 
(0.12 mg kg-1) was below the critical value of 8 mg kg-1 
[37] which was not dangerous for public health. 
While Fe is a crucial element for human nutrition, it could 
be fatal when taken overdose (mean lethal dose 200-250 
mg kg-1 body weight). Daily iron requirement for humans 
is almost 10-50 mg [38], and the highest mean Fe amount 
(18.54 mg kg-1) obtained in this study was in-between the 
stated amounts and sufficient for meeting the daily iron 
requirement. 
Ni level in the food is between the range of <0.1-0.5 mg 
kg-1 [39]. Ni concentration in which clinical symptoms 
begin to appear in humans is 7-35 mg kg-1 body weight 
[40]. The maximum mean concentration of Ni (0.22 mg 
kg-1) in the samples was under this range. 
The maximum mean concentration of Cu in the samples 
(1.06 mg kg-1) were below the permitted limit (10 mg kg-1) 
recommended [41]. 
The maximum mean Zn concentration (16.00 mg kg-1) 
did not exceed the maximum Zn limit as 40 mg kg-1 [42] 
specified in Australian food law. 
The selenium ion concentrations in the range 2-8 
mg kg-1 in food are harmful [43]. In the species of 
M.galloprovincialis which was our study material the 
maximum mean selenium concentration was in the range 
of 0.45 mg kg-1. 
The maximum mean concentrations of Cd, Hg and Pb 
(Cd: 0.03 mg kg-1, Hg: 0.02 mg kg-1, Pb: 0.05 mg kg-1) 
which are called as toxic trio did not exceed the maximum 
limits (Cd: 0.05 mg kg-1, Hg: 0.50 mg kg-1, Pb: 0.30 mg 
kg-1) which could be found in fisheries according to Euro-
pean Union food law [44].
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Table 5.	 The comparison between DIR rates and reference oral dose levels (µg day-1)

	 Cr	 Fe	 Ni	 Cu	 Zn	 As	 Cd	 Hg	 Pb	 Se

DIR	 0.02	 4.63	 0.05	 0.28	 3.85	 0.30	 0.01	 0.004	 0.01	 0.11

Amounts of Reference 	 60000	 45000a	 300	 30000	 60000	 120	 60	 43	 210	 ---

oral dose*	 PTWI	 UL	 TDI	 PMTDI	 PMTDI	 PMTDI	 PTWI	 PTWI	 PTWI	

*The numerical values shown are derived, for a 60 kg person, from provisional tolerable weekly intakes (PTWIs), provisional maximum tolerable daily intake (PMT-
DIs) or tolerable daily intake (TDI) recommended by the Joint Expert Committee on Food Additives of the Food and Agriculture Organization or the World Health 
Organization according to Ysart et al. [47]. aTolerable upper intake level (UL) by the Institute of Medicine, Food and Nutrition Board [48].



[18]	 Kacar A, Gungor F. Comparison of fecal coliform bacteria before 
and after wastewater treatment plant in the Izmir Bay (Eastern Ae-
gean Sea). Environ Monit Assess 2010; 162(1-4):355-63. 

[19]	 Severo MIG, Barbier F, Oliveria AH, Loustalot MFG, Carneiro CG, 
et al. INNA and ICP-MS methods for biological tissues studies. Re-
vista de Física Aplicada e Instrumentação 2004; 17(3):110-15.

[20]	 Taylor HE. Inductively coupled plasma-mass spectrometry: Prac-
tices and techniques. California: Academic Press, 2001.

[21]	 Atgin RS, El-Aghab O, Zararsız A, Kocatas A, Parlak H, et al. In-
vestigation of the sediment pollution in Izmir Bay: trace elements. 
Spectrochim. Acta B 2000; 55:1151-64.

[22]	 Kucuksezgin F, Kontas A, Altay O, Uluturhan E, Darilmaz E. As-
sessment of marine pollution in Izmir Bay: nutrient, heavy metal 
and total hydrocarbon concentrations. Environ Int 2006; 32(1):41-
51.

[23]	 Sayın E. Physical features of the Izmir Bay. Cont. Shelf Res 2003; 
23:957-70. 

[24]	 Singh A, Kumar Sharma R, Agrawal M, Marshall FM. Risk as-
sessment of heavy metal toxicity through contaminated vegetables 
from waste water irrigated area of Varanasi, India Trop Ecol 2010; 
51:375-87. 

[25]	 TUİK. Su Ürünleri İstatistikleri (2010), 2011; Türkiye İstatistik 
Kurumu, Ankara, Turkey.

[26]	 Brodberg R, Klasing S. Evaulation of potential health effects of 
eating fish from black butte reservoir (Glenn and Tehama Coun-
ties): Guidelines fors port fish consumption. Pesticide and Envi-
ronmental Toxicology Section Office of Environmental Protection 
Agency, California 2003; p. 49. 

[27]	 Vlahogianni T, Dassenakis M, Scoullos MJ, Valavanidis A. Inte-
grated use of biomarkers (superoxide dismutase, catalase and lipid 
peroxidation) in mussels Mytilus galloprovincialis for assessing 
heavy metals’ pollution in coastal areas from the Saronikos Gulf of 
Greece. Mar Pollut Bull 2007; 54(9):1361-71. 

[28]	 Besada V, Fumega J, Vaamonde A. Temporal trends of Cd, Cu, 
Hg, Pb and Zn in mussel (Mytilus galloprovincialis) from the 
Spanish North-Atlantic coast 1991-1999. Sci Total Environ. 2002; 
288(3):239-53.

[29]	 Catsiki VA, Florou H. Study on the behavior of the heavy metals 
Cu, Cr, Ni, Zn, Fe, Mn and 137Cs in an estuarine ecosystem us-
ing Mytilus galloprovincialis as a bioindicator species: the case of 
Thermaikos gulf, Greece. J Environ Radioact 2006; 86(1):31-44. 

[30]	 Adami G, Barbieri P, Fabiani M, Piselli S, Predonzani S, et al. Lev-
els of cadmium and zinc in hepatopancreas of reared Mytilus gal-
loprovincialis from the Gulf of Trieste (Italy). Chemosphere 2002; 
48(7):671-7.

[31]	 Cevik U, Damla N, Kobya AI, Bulut VN, Duran C, et al. Assess-
ment of metal element concentrations in mussel (M. Galloprovin-
cialis) in Eastern Black Sea, Turkey. J Hazard Mater 2008; 160(2-
3):396-401. 

[32]	 Bebianno MJ, Machado LM. Concentrations of metals and metal-
lothioneins in Mytilus galloprovincialis along the South coast of 
Portugal. Mar. Pollut. Bull 1997; 8:666-71.

[33]	 Joksimovic D, Tomic I, Stankovic AR, Jovic M, Stankovic S. Trace 
metal concentrations in Mediterranean blue mussel and surface 
sediments and evaluation of the mussels quality and possible risks 
of high human consumption. Food Chem 2011; 127(2):632-7. 

[34]	 Burger J, Gochfeld M. Locational differences in heavy metals and 
metalloids in Pacific Blue Mussels Mytilus [edulis] trossulus from 
Adak Island in the Aleutian Chain, Alaska. Sci Total Environ 2006; 
368(2-3):937-50. 

[35]	 Sogut O, Yalcin G. Determination of Trace Metal Levels in Myti-
lus Galloprovincialis Collected from Izmir Bay, Turkey. Fresen. 
Environ Bull 2005; 14(9):777-82.

[36]	 Regoli F. Trace metals and antioxidant enzymes in gills and diges-

Turk J Biochem 2015; 40(2):140-148 147 Yabanlı et al.

Acknowledgments
Presented as 40th Rapp. Comm. Int. Mer Médit (CIESM), 
(October 28 - November 1 2013, Marseilles, France)
Conflict of Interest
There are no conflicts of interest among the authors.

References
[1]	 Chang LW, Magos L, Suzuki T. Toxicology of Metals. Florida: Ba-

sic Books, 1996.
[2]	 Carvalho GGA, Franc JG, Dias DC, Lombardi JV, Paiva MJR, et 

al. Selenite and Selenate Effects on Mercury (Hg2+) Uptake and 
Distribution in Tilapia, Oreochromis niloticus L., Assessed by 
Chronic Bioassay. B. Environ. Contam. Tox 2009; 82:300-04.

[3]	 Gailer J. Arsenic–selenium and mercury–selenium bonds in biol-
ogy. Coordin Chem Rev 2007; 251:234-54.

[4]	 Southworth GR, Peterson MJ, Ryon MG. Long-term increased 
bioaccumulation of mercury in largemouth bass follows reduction 
of waterborne selenium. Chemosphere 2000; 41(7):1101-5.

[5]	 Wang WX, Wong RS, Wang J, Yen YF. Influences of different se-
lenium species on the uptake and assimilation of Hg(II) and meth-
ylmercury by diatoms and green mussels. Aquat Toxicol 2004; 
68(1):39-50.

[6]	 Mhadhbi L, Palanca A, Gharred T, Boumaiza M. Bioaccumulation 
of metals in tissues of Solea vulgaris from the outer Coast and Ria 
de Vigo, NE Atlantic (Spain). Int. J Environ Res 2012; 6(1):19-24.

[7]	 Livingstone DR. Contaminant-stimulated reactive oxygen species 
production and oxidative damage in aquatic organisms. Mar Pollut 
Bull 2001; 42(8):656-66.

[8]	 Dailianis S. Environmental impact of anthropogenic activities: the 
use of mussels as a reliable tool for monitoring marine pollution. (In 
L.E. McGevin (Ed.), Mussels anatomy, habitat and environmental 
impact. New York: Nova Science Publisher, 2011; pp. 43-72.

[9]	 Licata P, Trombetta D, Cristani M, Martino D, Naccari F. Organ-
ochlorine compounds and heavy metals in the soft tissue of the 
mussel Mytilus galloprovincialis collected from Lake Faro (Sicily, 
Italy). Environ Int 2004; 30(6):805-10.

[10]	 Orescanin V, Lovrencic I, Mikelic L, Barictic D, Matasin Z, et al. 
Biomonitoring of heavy metals and arsenic on the east coast of the 
Middle Adriatic Sea using Mytilus galloprovincialis. Nucl Instrum 
Methods 2006; 245:495-500. 

[11]	 Bizsel N, Uslu O. Phosphate, nitrogen and iron enrichment 
in the polluted Izmir Bay, Aegean Sea. Mar Environ Res 2000; 
49(2):101-22.

[12]	 Kucuksezgin F, Uluturhan E, Kontas A, Altay O. Trace metal con-
centrations in edible fishes from Izmir Bay, eastern Aegean. Mar 
Pollut Bull 2002; 44(8):827-32.

[13]	 Öztürk M, Bizsel N, Steinnes E. Iron speciation in eutrophic and 
oligotrophic Mediterranean coastal waters; impact of phytoplank-
ton and protozoan blooms on iron distribution. Mar Chem 2003; 
81:19-36.

[14]	 Öztürk M, Bizsel N. Iron speciation and biogeochemistry in differ-
ent nearshore waters. Mar Chem 2003; 83:145-56.

[15]	 Kontas A, Kucuksezgin F, Altay O, Uluturhan E. Monitoring of 
eutrophication and nutrient limitation in the Izmir Bay (Turkey) 
before and after Wastewater Treatment Plant. Environ Int 2004; 
29(8):1057-62.

[16]	 Guven DE, Akinci G. Heavy metals partitioning in the sediments 
of Izmir Inner Bay. J Environ Sci (China) 2008; 20(4):413-8.

[17]	 Kucuksezgin F, Kontas A, Uluturhan E. Evaluations of heavy 
metal pollution in sediment and Mullus barbatus from the Izmir 
Bay (Eastern Aegean) during 1997-2009. Mar Pollut Bull 2011; 
62(7):1562-71. 



[44]	 Anonymous. Setting maximum levels for certain contaminants in 
foodstuffs. Commission regulation (EC) No 1881/2006, 2006.

[45]	 Shiomi K. Arsenic in marine organisms: Chemical forms and toxi-
cological aspects. In Arsenic in the Environment. Part II: Human 
Health and Ecosystem Effects. Nriagu JO, Ed. Wiley: New York, 
1994, Chapter 12. pp. 261-93.

[46]	 Muñoz O, Devesa V, Suñer MA, Vélez D, Montoro R, et al. Total 
and inorganic arsenic in fresh and processed fish products. J Agric 
Food Chem 2000; 48(9):4369-76.

[47]	 Ysart G, Miller P, Croasdale M, Crews H, Robb P, et al. 1997 UK 
Total Diet Study--dietary exposures to aluminium, arsenic, cad-
mium, chromium, copper, lead, mercury, nickel, selenium, tin and 
zinc. Food Addit Contam 2000; 17(9):775-86.

[48]	 Institute of Medicine, Food and Nutrition Board. Dietary reference 
intakes for vitamin A, Vitamin K, Arsenic, Boron, Chromium, Cop-
per, Iodine, Iron, Manganase, Molybdenum, Nickel, Silicon, Vana-
dium, and zinc. Standing Committe on the Scientific Evaluation of 
diatery reference intakes. Food and Nutrition Board, Institute of 
Medicine, National Academy Press, 2001; Washington DC, USA.

[49]	 Uğur A, Yener G, Bassari A. Trace metals and 210Po (210Pb) 
concentrations in mussels (Mytilus galloprovincialis) consumed at 
western Anatolia. Appl Radiat Isot 2002; 57(4):565-71.

tive gland of the Mediterranean mussel Mytilus galloprovincialis. 
Arch Environ Contam Toxicol 1998; 34(1):48-63.

[37]	 Tuzen M. Toxic and essential trace elemental contents in 
fish species from the Black Sea, Turkey. Food Chem Toxicol 
2009;47(8):1785-90. 

[38]	 WHO. Iron in drinking-water. WHO/SDE/WSH/03.04/08, 4. p. 
Geneva. 

[39]	 Cempel M, Nikel G. Nickel: A review of its sources and environ-
mental toxicology. Polish J. of Environ. Stud 2006; 15(3):375-82.

[40]	 WHO. Nickel in drinking-water. WHO/SDE/WSH/05.05/55, 22. 
p. Geneva.

[41]	 FAO. Compilation of legal limits for hazardous substances in fish 
and fisheries products. Food and Agriculture Organization, Fish 
Circ No: 464, 1983.

[42]	 Eisler R. Handbook of chemical risk assessment, health hazards to 
humans, plants, and animals, volume 1, metals. Lewis publishers, 
NewYork, 2000.

[43]	 Viñas P, Pardo-Martínez M, Hernández-Córdoba M. Rapid deter-
mination of selenium, lead and cadmium in baby food samples 
using electrothermal atomic absorption spectrometry and slurry 
atomization. Anal Chim Acta 2000; 412:121-30.

Turk J Biochem 2015; 40(2):140-148 148 Yabanlı et al.


