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Abstract

The total heavy metal (chromium (Cr), copper (Cu), arsenic (As), cadmium (Cd), mercury (Hg), and lead
(Pb)) present in the muscle tissue of sardine was determined by inductively coupled plasma-mass
spectroscopy (ICP-MS) after microwave wet digestion during the winter season of 2010. The mean
concentrations of heavy metals in the sardine muscle tissues was 0.21 mg Cr/kg, 1.00 mg Cu/kg, 1.49 mg
As/ kg, 0.46 mg Cd/kg, 0.03 mg Hg/kg, and 0.14 mg Pb/kg wet weight. It was found that the cadmium
concentrations in the sardine fish samples provided from four fish markets with the exception of one fish
market, exceeded the value of 0.05 mg Cd/kg (wet weight) limit which is permitted nationally and
internationally. The level of arsenic for one of each group of sardines sampled was higher than the
permitted limit of arsenic according to the Australia Food Standard (1.00 mg As/kg). As a result, the
comprehensive and periodic controls of heavy metals in fish are important in terms of public and
environmental health.
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Izmir’de (Tiirkiye) Satis1 Yapilan Sardina pilchardus Baliklarinin Agir Metal icerigi Yoniinden
Degerlendirilmesi

Ozet

2010 yili kig sezonunda sardalya baligi kas dokusunda toplam agir metal varh@ [krom (Cr), bakir (Cu),
arsenik (As), kadmiyum (Cd), civa (Hg) ve kursun (Pb)], mikrodalga yas yakma igleminden sonra indiktif
olarak eglestirilmis kiitle spektrometresi (ICP-MS) kullanilarak belirlenmigtir. Sardalya kas dokusu
orneklerinde ortalama agir metal konsantrasyonlar1 0,21 mg Cr/kg, 1,00 mg Cu/kg, 1,49 mg As/kg, 0,46 mg
Cd/kg, 0,03 mg Hg/kg ve 0,14 mg Pb/kg yas agirlik olarak tespit edilmigtir. Kadmiyum miktart (bir balik
market hari¢) ulusal ve uluslararasi izin verilen limit olan 0,05 mg Cd/kg (yas agirlik) degerini agmigtir. Her
bir grup icin arsenik seviyeleri Avustralya Gida Standardina gore 6nerilen limit degerden (1,00 mg As/kg)
yitksek bulunmugtur. Sonug¢ olarak, baliklarin agir metaller yoniinden kapsamli ve diizenli olarak
kontrolleri ¢evre ve halk saghg agisindan 6nemlidir.
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INTRODUCTION

Nowadays increasing industralization and
human activities intensify the emission of various
pollutants into the environment (Demirayak et al.
2011).

There has been a growing interest in deter-
mining heavy metal concentrations in the aquatic
environment, and attention has been drawn to the
measurement of contamination levels in fish
(Iwegbue et al. 2009, Ferreira-Cravo et al. 2010,
Kayhan et al. 2010).

Heavy metals naturally occur in seawater in very
low concentrations, but concentration levels have
increased due to anthropogenic pollutants (Kargin
et al. 2001).

Fish and other aquatic life forms are constantly

exposed to chemicals in polluted and contaminated
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waters (Burger et al. 2002). At the top of the aquatic
food chain, fish are known to be able to accumulate
large amounts of toxic contaminants from their
living environment (Suhaimi et al. 2005).

Humans may be exposed to harmful non-
essential elements such as arsenic, silver, lead,
mercury, cadmium, and nickel mainly through
drinking water, consumption of fresh and processed
foods and through occupational exposures (Ikem
and Egiebor 2005). Some heavy metals, such as
cadmium and lead, injure the kidney and cause
symptoms of chronic toxicity, including impaired
capacity,
hypertension, tumors, and hepatic dysfunction
(Abou-Arab et al. 1996). Sub-lethal effects of heavy
metals are of concern as they accumulate and are
transferred through the food-chain to humans

organ function, poor reproductive
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(Y1lmaz and Yilmaz 2007).

The marine ecosystem is sensitive to exposure
from toxic contaminants (Allen and Moore 2004).
Among animal species, fishe are the inhabitants that
cannot escape the detrimental effects of the
pollutants (Olaifa et al. 2004). The toxic effects of
heavy metals on aquatic organisms have been
reviewed. Most sublethal toxicity appears to be of a
biochemical origin and causes morphological,
physiological (growth, swimming performance,
respiration, and reproduction), and behavioral
changes (Lall 2002).

The Sardine is an important fish species in
Turkey and it is often consumed by people because
of it’s delicious taste and lowprice.

The aim of this study was to determine the
concentrations of some heavy metals (chromium,
copper, arsenic, cadmium, mercury, and lead) in the
flesh of the sardine (Sardina pilchardus) commer-
cially sold in Izmir, since this fish is an important
dietary component in this city. It is hoped that the
obtained results will help in generating data needed
for the assessment of heavy metal intake from this
source.

MATERIAL AND METHODS

The sardine samples (length: 11.7+1.64 cm and
weight: 28.8+2.35 g) in this study were purchased at
four local fish markets in Izmir (Turkey) during the
winter season of 2010. Forty-five individuals were
collected randomly from each of the four local fish
markets. The fishwere then immediately taken to
the laboratory on ice and stored at -20°C until the
microwave digestion process.

An ELGA Model deionizer system was used to
prepare deionized water (resistivity: 18.0 M) cm).
A 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 spectroscopy (Agilent 7700x) with auto
sampler (Agilent ASX-500) was used to analyze the
digested samples for total metals. The operating
conditions for ICP-MS are shown in Table 1.

All reagents used were of analytical grade (nitric
acid, 65% suprapur Merck and hydrochloric acid,
30% Suprapur Merck). Multi-element calibration
solutions of all investigated elements were prepared
daily by dilution of 10 mg/L mix element standard
stock solution (AccuTrace MES-21-1) and 10 mg/L
mercury standard stock solution (AccuTrace MES-
21-HG-1).
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The procedure by Matek and Blanusa (1998) was
used for the microwave digestion of the fish
samples, with the addition of some minimal
modifications. The muscle tissues of the sardine
samples were homogenized throughly in a
laboratory blender (Waring trade marker) with
stainless steel cutters. Each homogenized sample
group was composed of thirty individuals. Three
replicate analyses were carried out for each group.
For ecach homogenized samples, between 0.5 ¢
homogenate (wet weight) was weighed and placed
in polytetrafluorethylene (PTFE) vessel with 5 mL
of 65% nitric acid. The material was then subjected
to a microwave program (Table 2). The digest was
finally made up with a 2% nitric acid and 0.5%
hydrochloric acid solution to 50 mL in acid washed
standard flasks in 50 mL
polypropylene centrifuge tubes. The in-house
are described

and then placed
method recovery repeatability tests
below.

The fish samples were spiked with 1000 ug/kg
concentration of mixed heavy metals for the
recovery repeatability tests. Ten homogenized blank
the
microwave digestion process. Then, the digested

and spiked samples were subjected to

samples were analyzed using ICP-MS. The obtained
values are given in Table 3.
RESULTS

The homogenized muscle tissues of the sardines
purchased from the four local fish markets were
analyzed for chromium, copper, arsenic, cadmium,
mercury, and lead. Good recoveries of the spiked
samples demonstrate the accuracy of the methods.
The levels of all heavy metals studied are given in
Figure 1. The total concentrations of chromium,
copper, arsenic, cadmium, mercury, and lead are
expressed in milligram per kilogram wet basis
(mg/kg wet weight). The maximum concentration
and mean values of the standard deviations of
studied heavy metals in the sardine muscle tissue are
summarized in Table 4. The levels of analyzed heavy
metals in sardines from other studies are compared
in Table 5.

DISCUSSION

The concentrations of chromium,

arsenic, cadmium, mercury, and lead in the sardine

copper,

flesh from the four local markets were compared to
national and international standards.

Chromium is considered as a heavy metal and
pollutant as well as an essential micronutrient
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Table 1. ICP-MS instrument operating conditions.

Radio frequency power 1550 W
RF matching 21V
Sample depth 8 mm
Carrier gas 1.05 L/min
S/C temperature 2°C
Nebulizer type MicroMist

Table 2. The microwave digestion process.

Step 1 2 3 4
Temperature (°C) 160 190 | 190 | 100
Ramp (min) 5 1 1 1
Hold (min) 5 5 10 10

Table 3. The recoveries of studied heavy metals.

Blank mean (n = 10)£SD* | Spike mean (n = 10)£SD | Recovery
(ueke) (we/ke) %)

Chromium 41.95+3.28 1004.88+64.97 96.44
Copper 131.92+13.37 1105.37£76.73 97.65
Arsenic 295.40£27.99 1273.40£98.76 98.30
Cadmium 1.08+0.16 1003.28+73.53 100.22
Mercury 7.60+0.89 1079.25£26.65 107.11
Lead 65.41+2.91 988.95+61.36 92.82

*SD: Standart deviation

(Yilmaz et al. 2010). The mean level of

homogenized muscle tissues of the sardine (0.21
mg/kg) obtained in this study was lower than values
obtained (2.22 mg/kg) for sardine in the northeast
Mediterranean Sea (Canli and Atli 2003). There is
no information about the maximum chromium
levels for fish samples in the Turkish Standards
(Anonymous 2008). But, the critical chromium
limit for human health is 8.00 mg/kg (Ttizen 2009).
The obtained chromium levels in this study were
below the critical chromium limit.

Copper is an essential element. However, it can
be potentially toxic to aquatic organisms when in
excess in water (Martins et al. 2011). In the Turkish
Food Codex (Anonymous 2002) the recommended
limit for copper in fish is 20 mg/kg. In this study the
maximum copper content for sardine was 2.04
mg/kg and the obtained copper levels in the sardine
samples were found to be lower than the set limits.
The mean concentration of copper reported in this
study (1.00 mg/kg) was lower than the values
reported by several investigators (Tarley et al. 2001,
Canli and Atli 2003).

Arsenic, a well-known water pollutant, has been
associated with various human health problems
(Celino et al. 2008). The maximum arsenic level
permitted is 1.00 mg/kg according to Australia
Standards (Anonymous 1998). Arsenic was the most
abundant of the heavy metals examined. The
maximum concentration of arsenic in the muscle
tissue obtained (1.96 mg/kg) was higher than the
permitted arsenic level. Falcé et al. (2006) reported
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Fig. 1. The maximum (Max.), minimum (Min.) and
mean concentrations of the heavy metals in the
sardine muscle tissue from this study.

Table 4. The maximum concentration and mean values of
the studied heavy metals in the sardine muscle

tissue (mg/kg).

Heavy metals N Mean+SD Minimum Maximum
Chromium 0.21+0.29 ND 0.63
Copper 1.00£0.79 0.29 2.04
Arsenic 4 1.49+0.53 0.87 1.96
Cadmium 0.46%0.56 ND 1.25
Mercury 0.03%0.02 0.01 0.05
Lead 0.14=0.17 ND 0.38

ND: Not detected

Table 5. The maximum levels of studied heavy metals for
sardine in the literature and this study.

Material Maximum levels of heavy metals (mg/kg) Literature
Cr Cu As cd H Pb
Sardine muscle tissue | 2.22* | 4.17° — [ 055 [ - [557° | Canliand Atli2003
Sardine muscle tissue 0.003 0.05 Celik et al. 2004
Sardine (edible parts) o — 3.94 0.01 0.09 | 0.08 Falc6 et al. 2006
Sardine 0.63 204 [ 196 [ 125 [ 005 [ 038 This study
Limits 8.00" | 20.00° | 1.00° [ 0.10 [ 050 | 0.30 Anonymous 2008

3Mean levels of heavy metals.

bHealth critera (Tiizen 2009)cTurkish Food Codex (Anonymous
2002) dAustralia standard (Anonymous 1998).

the maximum arsenic value of the edible parts of
sardine as 3.94 mg/kg. This value was higher than
our observed level. The continuous exposure to
arsenic from sardine consumption can cause health
risks for example; skin, vascular, and nervous system
disorders. The rate of fish consumption in Turkey
6.92 kg/year was low, for 2010 (Anonymous 2012).
Nevertheless, the arsenic concentration in fish has
to be controlled by the authorities.

Cadmium is a highly toxic element for all
mammals and fish. Accumulation of cadmium in
living organisms is a major ecological concern,
especially because of its ability to accumulate very
quickly (Besirovi¢ et al. 2010). Furthermore,
seafood is the main source of cadmium for people.
In this study, the obtained maximum value of
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cadmium content (1.25 mg/kg) in the muscle tissue
of the sardine is higher than the recommended limit
for cadmium in fish (0.05 mg/kg) according to the
Commission of The European Union (Anonymous
2006) and Turkish Food Codex (Anonymous 2008).
But, the maximum allowed cadmium doses for an
adult are 0.5 mg/week (Anonymous 1976). The
mean level of cadmium in our samples (0.46 mg/kg)
was lower than values reported by Canli and Atli
(2003), 0.55 mg/kg. However, the mean values of
cadmium we obtained were higher than values
reported by Soliman (2006), 0.03 mg/kg.

Mercury, a very toxic metal, is present at trace
levels in living organisms. It is generally accepted
that seafood represents one of the major sources of
mercury in the human food chain (Plessi et al.
2001). The concentration levels of mercury found
in sardine range from 0.01 to 0.05 mg/kg. The
maximum concentrations of mercury permitted in
marine organisms are similar in the majority of the
Mediterranean countries, ranging between 0.50 and
0.70 mg/kg (Anonymous 1984). Mercury levels in
the analyzed sardine samples was found to be lower
than the legal limits, 0.50 mg/kg (Anonymous
2008). The maximum mercury contents of sardine
in the literature was reported as 0.05 mg/kg
(Bordajandi et al. 2004) and 0.09 mg/kg (Falcé et al.
2006, Shiber 2010), respectively.

Lead is a potentially toxic chemical that may be
directly ingested by man or indirectly through
aquatic animals like fish and shellfish (Olaifa et al.
2003) and is one of the most important heavy metal
pollutant found in the environment, including the

aquatic environment (Cigerci et al. 2010). In this
study the maximum level of lead in sardine was 0.38
mg/kg. According to the Turkish Food Codex, the
maximum lead level permitted for fish is 0.30 mg/kg
(Anonymous 2008), However, the maximum lead
level permitted is 0.50 mg/kg by the Food and
Agriculture Organization, FAO (Anonymous 1983).
Celik et al. (2004) has repeorted a mean lead
concentration of 0.05 mg/kg in the sardine from
[zmir Bay (Turkey) compared to the 0.12 mg/kg we
observed in our study. At this point we can say that
the concentration of lead in Izmir has increased in
recent years.
CONCLUSION

This pilot study improves the baselines data and
information on some heavy metal concentrations in
the muscle tissue of sardine which is commonly
consumed in Izmir (Turkey). Furthermore, this
data can be useful to investigators who study about
public health in this areca. According to the obtained
data, copper had the highest concentration followed
by arsenic, cadmium, chromium, lead, and mercury.
However, the levels of arsenic, cadmium, and lead
for the studied samples were higher than the recom-
mended legal limits. The higher concentrations of
arsenic, cadmium, and lead in the sardine from the
markets samples could be related to industriali-
zation, transportation, and agricultural activities in
the area. The periodical control of heavy metals in
the sardine is needed both for the assessment of
toxic metal intake from these fish by humans and
for generating data for further studies.
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