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Determination of heavy metals in different fish species sampled from
markets in Croatia and possible health effects

Determiniranje teskih metala u razlicitim vrstama riba uzorkovanih na hrvatskim
trznicama i moguci utjecaj na zdravlje

Danijel Brkié¢, Jasna BoSnir, Andrea Gross Boskovi¢, Sanja Milos, Jasenka §abaric’,
Dario Lasi¢, Gordana Jurak, Bruno Cvetkovi¢, Aleksandar Racz, Ana Mojsovi¢ Cui¢”

Summary

The purpose of this study was to determine and to compare the amount of heavy metals in the meat of
white (N = 39) and blue (N = 35) sea fish, considering the spring (N = 38) and fall (N = 36) catch period to
study the possible type and seasonal differences especially in Hg concentrations in fish, and to estimate if the
amounts registered can have a harmful effect on consumer health. The fish were chosen as an indicator of eco-
system contamination with mercury and other heavy metals. The amount of heavy metals, lead (Pb) and
cadmium (Cd), in both groups was lower than the Highest Permissible Amounts regulated by law in Croatia
and the European Union. Mercury (Hg) exceeded the maximum allowed value in just a number of samples
3/74 (0.04%), while it is relevant for arsenic (As) to be present in almost any sample, although it has
simultaneously not been regulated by law. The statistically significant value of arsenic exists in blue fish
during the spring period, and the amount of mercury is higher in white fish compared to blue fish. Also a
statistically significant difference in mercury levels was recorded during fall compared to spring,. Given the
dietary habits and frequent fish consumption in Croatia, there is no risk of harmful health effects.
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Sazetak

Cilj ovoga rada bio je odrediti i usporediti koli¢inu teskih metala u 74 uzorka bijele (N = 39) i plave ribe
(N = 35), uzorkovanih u proljetnom (N = 38) i jesenskom razdoblju (N = 36), kako bi se istrazila moguc¢a
razlika u koncentracijama teskih metala, posebice Zive, ovisno o sezoni ulova ili tipu ribe i procijenilo mogu
li determinirane koli¢ine imati Stetnih utjecaja na zdravlje potroSaca. Riba je izabrana, buduéi da je ona
indikator zagadenja teSkim metalima u eko sustavu. Koli¢ina teskih metala, olova (Pb) i kadmija (Cd), u obje
grupe uzoraka, bila je niza od maksimalnih dopustenih koncentracija prema hrvatskih i europskim zakonima.
Koli¢ina zive (Hg) bila je vise od maksimalnih dopustenih koncentracija u vrlo malom broju uzoraka 3/74
(0,04%). Medutim, u uzrocima su zabiljezene relevantne koli¢ine arsena (As), iako koli¢ine arsena nisu
regulirane hrvatskim propisima. Multivarijatna statistiCka obrada (neparametrijski Mann-Whitney U test)
pokazala je statistiCki znacajne razlike u koli¢ini arsena u proljetnom razdoblju u odnosu na jesensko
razdoblje, kao §to je i izmjerena koli¢ina zive statisticki znacajno bila visa u bijeloj u odnosu na plavu ribu, te
ona izmjerena u jesenskom razdoblju u odnosu na proljetno. Uzevsi, medutim, u obzir potrosacke navike i
ucestalost konzumacije ribe u Hrvatskoj, izmjerene koncentracije nisu povezane s rizikom $tetnih posljedica
na zdravlje potroSaca.

Kljuéne rijeci: teski metali, morska riba, Hrvatska, zdravstveni ucinci, sezonske varijacije, ziva, kadmij
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Introduction

Today’s nutrition has a tendency to be based on sea
fish, as one of the basic foods of a healthy diet. With
that in mind, studies of the quantity of heavy metals in
fish are of great importance because the assessment
of heavy metal intake in humans can be made only
based on these studies. In the midst of growing and
intensifying use of heavy metals in modern industrial
production and urban pollution, which contribute to the
contamination of our environment, heavy metals can,
apart from meadows and gardens of large cities,
contaminate soil, water and air, and enter the food
chain.12

There are over 20 known different heavy metals
which can cause a number of harmful effects to human
health.> With the introduction of fish in daily
consumption and heavy metal accumulation in tissues
of sea animals, numerous studies follow heavy metal
presence in different types of fish for the purpose of
assessing their effects on human health.*® Today, the
most dangerous heavy metals are thought to be
mercury (Hg), arsenic (As), lead (Pb) and cadmium
(Cd).

The symptoms of exposure to these metals in high
concentrations or in acute poisoning can be various,
depending on the type and concentration of heavy
metal and also the mode and duration of exposure.
Lead (Pb) can lead to a series of health issues including
convulsions, coma, kidney failure and even death due
to long term exposure.®

Mercury (Hg) is one of the most toxic heavy metals
in the environment, including lithosphere, hydrosphere
and atmosphere. It is known that humans are primarily
exposed to mercury or methylmercury by fish and sea
mammal consumption.’ Mercury is five times more
dangerous than lead, while methylmercury is 50 times
more dangerous compound than elementary mercury,
thus being the most important type of mercury in the
environment which accumulates in animals and
humans. Furthermore, methylmercury is largely
responsible for the accumulation of mercury in
organisms (bioaccumulation) and the transfer of mercury
from one trophic level to another (biomagnification).'
Out of all types of food, the marine organisms in
particular contain the highest levels of methyl-
mercury.'> Moreover, by frequent consumption of
large long-lived fish that are at the top of the food chain
(shark, tuna), humans may significantly increase the
intake of mercury in the body.°

Cadmium (Cd) is an industrial toxin whose
toxicology studies began intensively at the half of the
last century. In the beginning, it accumulates in the
kidneys tied to methalothioneines creating a complex,
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cadmium-methalothionein, of low molecular mass.
The complex is harmless in low concentrations, but it
becomes toxic when its concentration in the kidney
elevates.”® Toxic effects of metals are mostly
associated with the influence on the brain and the
kidneys, but some metals like arsenic (As) can have
carcinogenic effects. Acute arsenic poisoning occurs
mostly after ingestion of contaminated food, and is
manifested by gastrointestinal disorders, stomach
convulsions, regurgitation, heart problems, anemia,
headaches, dizziness, convulsions, and often coma.'
Available data on the share of total arsenic in food
show that fish and fish products, including algae, store
the highest concentrations of arsenic and are the main
sources of total arsenic for human population.®

Aiming at the furthermost possible protection of
consumers’ health in the Republic of Croatia, the Act
on Contaminants (Official Gazette of the Republic of
Croatia no. 39/13) imposed the obligation to
implement the Commission Regulation (EC) no.
1881/2006 setting maximum levels for certain
contaminants in foodstuffs, including all its
amendments and supplements. The aforementioned
Regulation and its amendments set the maximum
allowed levels of lead (0.3 mg/kg), cadmium (0.05
mg/kg) and mercury (0.5 mg/kg) in fish, crabs and
mussels, as well as in cephalopods.'® Neither the
aforementioned Act, nor the Regulation, set the
maximum allowed levels of arsenic. However,
although there are no legislatively set maximum
allowed levels of arsenic in food at the European
Union level, certain EU Member States have laid
down their highest allowed levels in particular types
of food by their national legislation.r” But just to
compare, the national legislation of Bosnia and
Herzegovina settled maximum level of arsenic in fish
to 2.00 mg/kg.*

Suitability for human consumption of different fish
species, regarding heavy metal concentration, is
assessed according to the Highest Permissible
Amounts regulated by the European Union, which
include acceptable daily and weekly intake of specific
heavy metals.

The aim of this work was to determine, by using
approved analytical methods, the amounts of heavy
metals (Pb, Cd, As and Hg) in white and blue sea fish
sampled at the fish markets during spring and fall of
2012 and 2013, and to establish whether the
determined amounts can cause harmful effects to
human health, considering the acceptable daily intake
of specific metals and fish consumption. Also, the
additional aim of the study was to investigate the
possible seasonal changes in Hg concentrations in
aquatic ecosystems investigated and documented in
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many studies aiming to describe seasonal patterns®%
having in mind that, on the other hand, some studies
record no seasonal changes in Hg concentrations.? It
is necessary to point out that in the marine
environment, almost all of the mercury in the muscle
of fish is methylated, making it the reason to measure
the total amount of mercury presuming that we are
measuring almost similar concentration of methyl-
mercury that has a significant toxicological impact on
human health.?2% Fish has been selected as an
indicator of eco-system contamination with mercury.?*

Materials and methods

Fish samples have been divided into blue and white
sea fish. Sampled white sea fish included: European
hake (Merluccius merluccius), red scorpion fish
(Scorpaena scrofa), European sea bass (Dicentrarchus
labrax), gilt-head sea bream (Sparus aurata), jack
mackerels (Trachurus trachurus), leaping mullet (Liza
saliens), conger (Conger conger), bogue (Boops
boops) and piper gurnard (Trigla lyra). Sampled blue
sea fish included: Atlantic bluefin tuna (Thunnus
thynnus), European pilchard (Sardina pilchardus),
Atlantic mackerel (Scomber scombrus), European
sprat (Sprattus sprattus), Atlantic bonito (Sarda sarda)
and chub mackerel (Scomber japonicus).

Samples were collected during spring and fall of
2012 and 2013 from registered fish markets by random
sampling, aiming to achieve representativeness. All of
the samples were placed in cold containers and
delivered to a laboratory at a temperature of up to
+8°C. They were stored frozen until analysis. To obtain
credibility of the results regarding the amount of heavy
metals in blue fish on the territory of Croatia, the
amount of the sample was a minimal 1 kg according to
the requirements of the Directive on collecting samples
for heavy metal analysis.?

In the selected period, samples from 74 fish were
taken in accordance with the Directive on collecting
samples for heavy metal analysis of different areas.

Analyses were performed using suitable analytical
techniques described in similar studies, using Direct
Mercury Analyzer (DMO), Atomic Absorption
Spectrometer (AAS model Perkin Elmer, USA, 2007)
and Inductively Coupled Plasma Mass Spectrometer
(ICP-MS model Perkin Elmer, USA, 2008).26-%
Analysis of total mercury was conducted using Direct
Mercury Analyzer (DMO).2%3%0

The samples were prepared by filleting fish, with
previous removal of the scales, gut and bones. The
extracted muscle was homogenized. The sample was
not specially prepared for the determination of total
mercury. It was, instead, analyzed using Direct

Mercury Analyzer. The amount of mercury in the
analyzed samples was isolated from the sample in the
oxygenated decomposition furnace with controlled
heating. The sample was dried and then thermally and
chemically decomposed within the decomposition
furnace. Flowing oxygen carried the decomposed
product into the catalytic part of the furnace, where the
oxidation was completed. Halogens and nitrogen/
sulfur oxides were trapped and the remaining
decomposition products were then carried to an
amalgamator that selectively traps mercury. After the
system was flushed with oxygen to remove any
remaining gases or decomposition products, the
amalgamator was rapidly heated, releasing mercury
vapor. Flowing oxygen carried the mercury vapor
through absorbance cells positioned in the light path of
a single wavelength atomic absorption spectro-
photometer. Absorbance (peak value) was measured at
253.7 nm as a function of mercury concentration.

Operating conditions of DMA were: Wavelength:
253.7 nm, slit: 0.7 nm, sample mass: 0.1 — 0.5 g, mode
of measuring: peak value.

Sample homogenization and microwave-assisted
digestion in a mixture of nitric acid (HNOs) and
hydrogen peroxide (H20), preceded the quantification
of lead, cadmium and arsenic. During the preparation
process, 2.0 g of sample had to be weighed and 5.0 ml
of nitric acid (65% p.a., Kemika, Croatia) and 1.0 ml
of hydrogen peroxide (30% p.a., Kemika, Croatia) had
to be added. A prepared sample underwent microwave
heating in a closed system. The solution was
guantitatively transferred to a volumetric flask of 50 ml
and filled to the mark with ultra-clear water (Milli-Q
Millipore, 18.2 MWcm-1) from which the
identification and quantification of heavy metals was
performed using Atomic Absorption Spectrometry
(AAS) and Inductively Coupled Plasma Mass
Spectrometer (ICP-MS). Operating conditions on AAS
were (for lead): Wavelength: 283.3 nm, slit: 0.7 nm,
sample volume: 20 ul, mode of measuring: peak
surface area. Operating conditions of ICP-MS (for
arsenic) were: m/z 74. 9216, argon flow rate: 0.84
I/min, mode of measuring: peak height.

Operating conditions of microwave furnace were:
microwave strength: 0-1400 W, 15 min, temperature
20-220°C, 1.400 W, 15 min, temperature 220°C, 0 W,
40 min, 20°C.

Mann-Whitney U test as the non-parametric
alternative test to the independent sample t-test and
IBM SPSS Statistics software version 21 were used for
statistical analysis of heavy metal values in white and
blue fish during different season periods.
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Results and Discussion

The results of the study are shown in Tables 1-8.
Tables 1 and 2 show an overview of the results for all
analyzed samples of fish collected during spring and
fall of 2012 and 2013.

The amount of lead in all fish samples collected in
the spring period was lower than 0.05 mg/kg, cadmium
values ranged from <0.01 to 0.02 mg/kg. The values of
arsenic ranged from <0.05 to 12.9 mg/kg, which is also
the highest determined value for arsenic in this study,
and it was determined in the sample of white fish
European hake (Merluccius merluccius). The amount

of mercury in analyzed fish samples, collected in the
spring period, ranged from <0.02 mg/kg to 3.40 mg/kg.
The highest amount of mercury was determined in the
sample of white fish conger (Conger conger).

The results of analyzed samples from fall period,
when 36 samples were collected (18 samples of blue
and 18 samples of white sea fish), showed lower values
of heavy metals compared to the samples collected in
the spring period. The values of lead ranged from
<0.05 to 0.09 mg/kg, while the values of cadmium
ranged from <0.01 to 0.03 mg/kg. The values of
arsenic ranged from <0.05 to 8.34 mg/kg, and the
values of mercury from <0.02 to 1.98 mg/kg.

Table 1 Amounts of heavy metals in samples of sea fish caught during spring 2012 and 2013 (N = 38)
Tablica 1. Iznosi teskih metala kod morske ribe ulovijene u proljece 2012. i 2013. (N = 38)

A Amo“!“ of Amount of Amount of
mount of cadmium .
arsenic mercury
No | Year Species lead (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Br. | God. P Iznos olova Iznos gy gkg
Vrsta kadmiuma Iznos arsena Iznos zive
1 | 2012 European sea bass <0.05* <0.01* <0.05* 0.144
(Dicentrarchus labrax)
Europski lubin
2 | 2012 Gilt-head sea bream <0.05* <0.01* <0.05* 0.108
(Sparus aurata)
Arbun zlatne glave
3 | 2012 European hake <0.05* <0.01* <0.05* 0.118
(Merluccius merluccius)
Europski oslic
4 | 2012 Atlantic mackerel <0.05* <0.01* 0.067 0.064
(Scomber scombrus)
Atlantska skusa
5 | 2012 European sea bass <0.05* <0.01* <0.05* 0.028
(Dicentrarchus labrax)
Europski lubin
6 | 2012 Red scorpion fish <0.05* <0.01* <0.05* 0.114
(Scorpaena scrofa)
Crveni Skrpun
7 | 2012 Gilt-head sea bream <0.05* <0.01* <0.05* 0.085
(Sparus aurata)
Arbun zlatne glave
8 | 2012 European sea bass <0.05* <0.01* <0.05* 0.033
(Dicentrarchus labrax)
Europski lubin
9 | 2012 European pilchard <0.05* <0.01* 0.132 0.067
(Sardina pilchardus)
Europska sardela
10 | 2012 European sprat <0.05* <0.01* 0.052 <0.02*
(Sprattus sprattus)
Europska papalina
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11

2012

European pilchard
(Sardina pilchardus)
Europska sardela

<0.05*

<0.01*

0.070

0.057

12

2012

European pilchard
(Sardina pilchardus)
Europska sardela

<0.05*

<0.01*

0.097

0.063

13

2012

Bluefin tuna
(Thunnus thynnus)
Tuna plave peraje

<0.05*

<0.01*

<0.05*

0.137

14

2012

European pilchard
(Sardina pilchardus)
Europska sardela

<0.05*

<0.01*

<0.05*

0.143

15

2012

Atlantic bonito
(Sarda sarda)
Atlantska palamida

<0.05*

<0.01*

<0.05*

0.055

16

2012

Jack mackerel
(Trachurus trachurus)
Skusa Pacifika

<0.05*

<0.01*

<0.05*

0.194

17

2012

European pilchard
(Sardina pilchardus)
Europska sardela

<0.05*

0.02

0.354

0.083

18

2012

Bogue
(Boops boops)
Atlantski arbun

<0.05*

<0.01*

<0.05*

0.121

19

2012

European hake
(Merluccius merluccius)
Europski oslic

<0.05*

<0.01*

<0.05*

0.988

20

2012

Conger
(Conger conger)
Ugor

<0.05*

<0.01*

<0.05*

3.40**

21

2012

Gilt-head sea bream
(Sparus aurata)
Arbun zlatne glave

<0.05*

<0.01*

<0.05*

0.092

22

2012

Leaping mullet
(Liza saliens)
Cipal

<0.05*

<0.01*

<0.05*

0.183

23

2013

European pilchard
(Sardina pilchardus)
Europska sardela

<0.05*

<0.01*

0.74

0.06

24

2013

Atlantic mackerel
(Scomber scombrus)
Atlantski skombar

<0.05*

<0.01*

0.49

0.03

25

2013

European sea bass
(Dicentrarchus labrax)
Europski lubin

<0.05*

<0.01*

0.16

0.08

26

2013

European hake
(Merluccius merluccius)
Europski osli¢

<0.05*

<0.01*

0.97

0.18

27

2013

Gilt-head sea bream
(Sparus aurata)
Arbun zlatne glave

<0.05*

<0.01*

0.17

0.12

28

2013

European pilchard
(Sardina pilchardus)

<0.05*

<0.01*

1.27

0.05
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Europska sardela

29

2013

European pilchard
(Sardina pilchardus)
Europska sardela

<0.05*

<0.01*

1.09

0.04

30

2013

European sea bass
(Dicentrarchus labrax)
Europski lubin

<0.05*

<0.01*

0.19

0.22

31

2013

European hake
(Merluccius merluccius)
Europski oslic

<0.05*

<0.01*

12.9

0.23

32

2013

Atlantic mackerel
(Scomber scombrus)
Atlantski Skombar

<0.05*

0.01

0.74

0.04

33

2013

European hake
(Merluccius merluccius)
FEuropski osli¢

<0.05*

<0.01*

0.49

<0.02*

34

2013

European hake
(Merluccius merluccius)
Europski osli¢

<0.05*

<0.01*

9.05

0.24

35

2013

Chub mackerel
(Scomber japonicas)
Klen

<0.05*

0.01

131

0.17

36

2013

Gilt-head sea bream
(Sparus aurata)
Arbun zlatne glave

<0.05*

0.02

0.43

0.10

37

2013

European pilchard
(Sardina pilchardus)
Europska sardela

<0.05*

<0.01*

1.07

0.12

38

2013

European pilchard
(Sardina pilchardus)
Europska sardela

<0.05*

<0.01*

0.92

0.06

Value range

<0.05

<0.01t00.02

<0.05t0 12.9

<0.02 to 3.40

* levels under LOD / *razine ispod LOD
** Hg values above EU Directive 1881/2006 / ** Hg razine iznad EU directive
*** As values above Bosnia and Herzegovina national standards (no EU levels) / *** prema razinama iznad standarda
Bosne i Hercegovine (bez EU razina)

Table 2 Amounts of heavy metals in samples of sea fish caught during fall 2012 and 2013 (N = 36)

Tablica 2. Iznosi teskih metala kod morske ribe ulovljene u jesen 2012. i 2013. (N = 36)

Amount of
Amount of lead cadmium Ag:g::;[cof A&?‘éﬂ: of
No | Year (mg/kg) (mg/kg) (ma/kg) (mg /kg>)/ No
Br. | God. | Species/vrsta Iznos olova Iznos o Br.
kadmiuma Iznos arsena Iznos zive
1 | 2012 European sea bass <0.05* <0.01* <0.05* 0.154
(Dicentrarchus labrax)
Europski lubin
2 | 2012 Gilt-head sea bream <0.05* <0.01* <0.05 0.075
(Sparus aurata)
Arbun zlatne glave
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2012

European pilchard
(Sardina pilchardus)
Europska sardela

<0.05*

0.013

0.100

0.026

2012

European sprat
(Sprattus sprattus)
Europska sardela

<0.05*

0.024

<0.05*

0.023

2012

European pilchard
(Sardina pilchardus)
Europska sardela

0.062

<0.01*

0.347

0.072

2012

European sprat
(Sprattus sprattus)
Europska sardela

0.07

<0.01*

0.144

0.087

2012

European pilchard
(Sardina pilchardus)
Europska sardela

0.09

<0.01*

0.377

0.048

2012

European hake
(Merluccius merluccius)
Europski oslic

<0.05*

<0.01*

0.089

0.140

2012

European sea bass
(Dicentrarchus labrax)
Europski lubin

<0.05*

<0.01*

0.05

0.041

10

2012

Gilt-head sea bream
(Sparus aurata)
Arbun zlatne glave

<0.05*

<0.01*

0.201

0.078

11

2012

Piper gurnard
(Trigla lyra)
Lastavica

<0.05*

<0.01*

0.450

0.286

12

2012

European sea bass
(Dicentrarchus labrax)
Europski lubin

<0.05*

<0.01*

<0.05*

0.090

13

2012

Gilt-head sea bream
(Sparus aurata)
Arbun zlatne glave

<0.05*

<0.01*

<0.05*

0.377

14

2012

European sea bass
(Dicentrarchus labrax)
Europski lubin

<0.05*

<0.01*

<0.05*

0.134

15

2012

Gilt-head sea bream
(Sparus aurata)
Arbun zlatne glave

<0.05*

<0.01*

<0.05*

0.101

16

2012

European pilchard
(Sardina pilchardus)
Europska sardela

<0.05*

0.024

0.097

0.094

17

2012

European pilchard
(Sardina pilchardus)
Europska sardela

<0.05*

0.016

0.246

0.080

18

2012

Bluefin tuna
(Thunnus thynnus)
Tuna plave peraje

<0.05*

<0.01*

0.296

1.98**

19

2012

Atlantic bonito
(Sarda sarda)
Atlantska palamida

<0.05*

<0.01*

<0.05*

0.079

20

2012

European pilchard
(Sardina pilchardus)
Europska sardela

<0.05*

<0.01*

0.225

0.083
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21

2013

European pilchard
(Sardina pilchardus)
Europska sardela

0.08

0.02

2.41%**

0.07

22

2013

Bluefin tuna
(Thunnus thynnus)
Tuna plave peraje

<0.05*

0.01

0.94

0.72**

23

2013

European sea bass
(Dicentrarchus labrax)
Europski lubin

<0.05*

<0.01*

0.54

0.04

24

2013

European hake
(Merluccius merluccius)
Europski oslic

<0.05*

<0.01*

7.46%**

0.37

25

2013

European pilchard
(Sardina pilchardus)
Europska sardela

<0.05*

<0.01*

3.03***

0.08

26

2013

European pilchard
(Sardina pilchardus)
Europska sardela

<0.05*

0.01

2.46%**

0.06

27

2013

European sprat
(Sprattus sprattus)
Europska papalina

<0.05*

0.02

1.86

<0.02*

28

2013

Gilt-head sea bream
(Sparus aurata)
Arbun zlatne glave

<0.05*

0.03

2.25%**

0.13

29

2013

Gilt-head sea bream
(Sparus aurata)
Arbun zlatne glave

0.05

0.02

2.18***

0.13

30

2013

European sea bass
(Dicentrarchus labrax)
Europski lubin

<0.05*

<0.01*

2.52***

0.16

31

2013

European pilchard
(Sardina pilchardus)
Europska sardela

<0.05*

<0.01*

4.69***

0.10

32

2013

Leaping mullet
(Liza saliens)
Cipal

<0.05*

<0.01*

0.03

0.14

33

2013

Atlantic mackerel
(Scomber scombrus)
Atlantski Skombar

<0.05*

<0.01*

3.02%**

0.04

34

2013

Atlantic mackerel
(Scomber scombrus)
Atlantski sSkombar

<0.05*

<0.01*

2.81%**

0.03

35

2013

European sea bass
(Dicentrarchus labrax)
Europski lubin

<0.05*

<0.01*

0.92

0.11

36

2013

European hake
(Merluccius merluccius)
Europski oslic

<0.05*

<0.01*

8.34***

0.37

Value range

<0.0510 0.09

<0.01t00.03

<0.0510 8.34

<0.02t0 1.98

* levels under LOD / * razine pod LOD
** Hg values above EU Directive 1881/2006 / ** Hg razine iznad EU directive
*** As values above Bosnia and Herzegovina national standards (no EU levels) / *** prema razinama iznad standarda
Bosne i Hercegovine (bez EU razina)
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Individual values of determined heavy metals in
white and blue sea fish are shown in Table 3 and Table
4, while mean values of lead, cadmium, arsenic and
mercury are shown in Table 5. It is clear that there is
almost no difference between the amount of lead in
blue and white sea fish (<0.05 mg/kg). The mean value
of cadmium is slightly higher in blue fish (0.012
mg/kg) than in white fish (0.011 mg/kg). Mean values
of arsenic differ between analyzed samples of blue and

white sea fish. Arsenic levels in blue fish were 0.951
mg/kg, while in white fish they amounted to 1.291
mg/kg. Differences are also noticeable in mean values
for mercury. In blue fish mercury levels are 0.141
mg/kg, and in white fish 0.249 mg/kg (Table 5).

Table 6 displays daily and weekly exposure to lead,
cadmium, arsenic and mercury by consumption of
white and blue sea fish, taking into account the records
of daily and weekly fish consumption.

Table 3 Amounts of heavy metals in analyzed samples of white fish collected during 2012 and 2013 (N = 39)
Tablica 3. Iznosi teskih metala kod analiziranih uzoraka bijele ribe 2012. i 2013. (N = 39)

Amount of An:jou_nt of Amoun_t of | Amount of
No | Year lead (mg/kg) cadmium arsenic mercury No
Br. | God. | Species/vrsta | lznos olova (rlng/kg) (mg/kg) (mg/kvg) Br.
Znos Iznos arsena | Iznos Zive
kadmiuma
1 | 2012 European sea bass <0.05** <0.01* <0.05* 0.144
(Dicentrarchus labrax)
Europski lubin
2 | 2012 Gilt-head sea bream <0.05* <0.01* <0.05* 0.108
(Sparus aurata)
Arbun zlatne glave
3 | 2012 European hake <0.05* <0.01* <0.05* 0.118
(Merluccius merluccius)
Europski oslic
4 | 2012 European sea bass <0.05* <0.01* <0.05* 0.028
(Dicentrarchus labrax)
Europski lubin
5 | 2012 Red scorpion fish <0.05* <0.01* <0.05* 0.114
(Scorpaena scrofa)
Crveni Skrpun
6 | 2012 Gilt-head sea bream <0.05* <0.01* <0.05* 0.085
(Sparus aurata)
Arbun zlatne glave
7 | 2012 European sea bass <0.05* <0.01* <0.05* 0.033
(Dicentrarchus labrax)
Europski lubin
8 | 2012 Jack mackerel <0.05* <0.01* <0.05* 0.194
(Trachurus trachurus)
Skusa Pacifika
9 | 2012 Bogue <0.05* <0.01* <0.05* 0.121
(Boops boops)
Atlantski arbun
10 | 2012 European hake <0.05* <0.01* <0.05* 0.988
(Merluccius merluccius)
Europski oslic
11 | 2012 Conger <0.05* <0.01* <0.05* 3.40**
(Conger conger)
Ugor
12 | 2012 Gilt-head sea bream <0.05* <0.01* <0.05* 0.092
(Sparus aurata)
Arbun zlatne glave
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13

2012

Leaping mullet
(Liza saliens)
Cipal

<0.05*

<0.01*

<0.05*

0.183

14

2013

European sea bass
(Dicentrarchus labrax)
Europski lubin

<0.05*

<0.01*

0.16

0.08

15

2013

European hake
(Merluccius merluccius)
Europski oslic

<0.05*

<0.01*

0.97

0.18

16

2013

Gilt-head sea bream
(Sparus aurata)
Arbun zlatne glave

<0.05*

<0.01*

0.17

0.12

17

2013

European sea bass
(Dicentrarchus labrax)
Europski lubin

<0.05*

<0.01*

0.19

0.22

18

2013

European hake
(Merluccius merluccius)
Europski osli¢

<0.05*

<0.01*

12.9%**

0.23

19

2013

European hake
(Merluccius merluccius)
Europski osli¢

<0.05*

<0.01*

0.49

<0.02*

20

2013

European hake
(Merluccius merluccius)
Europski osli¢

<0.05*

<0.01*

9.05***

0.24

21

2013

Gilt-head sea bream
(Sparus aurata)
Arbun zlatne glave

<0.05*

0.02

0.43

0.10

22

2012

European sea bass
(Dicentrarchus labrax)
Europski lubin

<0.05*

<0.01*

<0.05*

0.154

23

2012

Gilt-head sea bream
(Sparus aurata)
Arbun zlatne glave

<0.05*

<0.01*

<0.05*

0.075

24

2012

European hake
(Merluccius merluccius)
Europski oslic

<0.05*

<0.01*

0.089

0.140

25

2012

European sea bass
(Dicentrarchus labrax)
Europski lubin

<0.05*

<0.01*

0.05

0.041

26

2012

Gilt-head sea bream
(Sparus aurata)
Arbun zlatne glave

<0.05*

<0.01*

0.201

0.078

27

2012

Piper gurnard
(Trigla lyra)
Lastavica

<0.05*

<0.01*

0.450

0.286

28

2012

European sea bass
(Dicentrarchus labrax)
Europski lubin

<0.05*

<0.01*

<0.05*

0.090

29

2012

Gilt-head sea bream
(Sparus aurata)
Arbun zlatne glave

<0.05*

<0.01*

<0.05*

0.377

30

2012

European sea bass
(Dicentrarchus labrax)
Europski lubin

<0.05*

<0.01*

<0.05*

0.134
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31

2012

Gilt-head sea bream
(Sparus aurata)
Arbun zlatne glave

<0.05*

<0.01*

<0.05*

0.101

32

2013

European sea bass
(Dicentrarchus labrax)
Europski lubin

<0.05*

<0.01*

0.54

0.04

33

2013

European hake
(Merluccius merluccius)
Europski osli¢

<0.05*

<0.01*

7.46%**

0.37

34

2013

Gilt-head sea bream
(Sparus aurata)
Arbun zlatne glave

<0.05*

0.03

2.25%**

0.13

35

2013

Gilt-head sea bream
(Sparus aurata)
Arbun zlatne glave

0.05

0.02

2.18***

0.13

36

2013

European sea bass
(Dicentrarchus labrax)
Europski lubin

<0.05*

<0.01*

2.52%**

0.16

37

2013

Leaping mullet
(Liza saliens)
Cipal

<0.05*

<0.01*

0.03

0.14

38

2013

European sea bass
(Dicentrarchus labrax)
Europski lubin

<0.05*

<0.01*

0.92

0.11

39

2013

European hake
(Merluccius merluccius)
Europski osli¢

<0.05*

<0.01*

8.34***

0.37

Value range

<0.051t0 0.05

<0,01to
0.03

<0,05to
12.9

<0.02 to
3.40

* |evels under LOD / * razine ispod LOD
** Hg values above EU Directive 1881/2006 / ** Hg razine iznad EU directive
*** As values above Bosnia and Herzegovina national standards (no EU levels) / *** prema razinama iznad standarda
Bosne i Hercegovine (bez EU razina)

Table 4 Amounts of heavy metals in analyzed samples of blue fish collected during 2012 and 2013 (N = 35)
Tablica 4. Iznosi teskih metala kod analiziranih uzoraka plave ribe 2012. i 2013. (N = 35)

Sampling Amount of Amount of Amount of
location . Amount of cadmiunn arsenic mercury
No | Year Miesto Species lead (mg/kg) (mg/kg) (mg/kg) (ma/kg)
Br. | God. JEsto Vrsta Iznos olova Iznos gKg gkg
uzimanja kadmiuma Iznos arsena Iznos Zive
uzoraka
1 | 2012 Atlantic mackerel <0.05* <0.01* 0.067 0.064
(Scomber scombrus)
Atlantski sSkombar
2 | 2012 European pilchard <0.05* <0.01* 0.132 0.067
(Sardina pilchardus)
Europska sardela
3 | 2012 European sprat <0.05* <0.01* 0.052 <0.02*
(Sprattus sprattus)
Europska papalina
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2012

European pilchard
(Sardina pilchardus)
Europska sardela

<0.05*

<0.01*

0.070

0.057

2012

European pilchard
(Sardina pilchardus)
Europska sardela

<0.05*

<0.01*

0.097

0.063

2012

Bluefin tuna
(Thunnus thynnus)
Tuna plave peraje

<0.05*

<0.01*

<0.05*

0.137

2012

European pilchard
(Sardina pilchardus)
Europska sardela

<0.05*

<0.01*

<0.05*

0.143

2012

Atlantic bonito
(Sarda sarda)
Atlantska palamida

<0.05*

<0.01*

<0.05*

0.055

2012

European pilchard
(Sardina pilchardus)
Europska sardela

<0.05*

0.02

0.354

0.083

10

2013

European pilchard
(Sardina pilchardus)
Europska sardela

<0.05*

<0.01*

0.74

0.06

11

2013

Atlantic mackerel
(Scomber scombrus)
Atlantski Skombar

<0.05*

<0.01*

0.49

0.03

12

2013

European pilchard
(Sardina pilchardus)
Europska sardela

<0.05*

<0.01*

1.27

0.05

13

2013

European pilchard
(Sardina pilchardus)
Europska sardela

<0.05*

<0.01*

1.09

0.04

14

2013

Atlantic mackerel
(Scomber scombrus)
Atlantski Skombar

<0.05*

0.01

0.74

0.04

15

2013

Chub mackerel
(Scomber japonicus)
Klen

<0.05*

0.01

131

0.17

16

2013

European pilchard
(Sardina pilchardus)
Europska sardela

<0.05*

<0.01*

1.07

0.12

17

2013

European pilchard
(Sardina pilchardus)
Europska sardela

<0.05*

<0.01*

0.92

0.06

18

2012

European pilchard
(Sardina pilchardus)
Europska sardela

<0.05*

0.013

0.100

0.026

19

2012

European sprat
(Sprattus sprattus)
Europska papalina

<0.05*

0.024

<0.05*

0.023

20

2012

European pilchard
(Sardina pilchardus)
Europska sardela

0.062

<0.01*

0.347

0.072

21

2012

European sprat
(Sprattus sprattus)
Europska papalina

0.07

<0.01*

0.144

0.087
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22

2012

European pilchard
(Sardina pilchardus)
Europska sardela

0.091

<0.01*

0.377

0.048

23

2012

European pilchard
(Sardina pilchardus)
Europska sardela

<0.05*

0.024

0.097

0.094

24

2012

European pilchard
(Sardina pilchardus)
Europska sardela

<0.05*

0.016

0.246

0.080

25

2012

Bluefin tuna
(Thunnus thynnus)
Tuna plave peraje

<0.05*

<0.01*

0.296

1.98**

26

2012

Atlantic bonito
(Sarda sarda)
Atlantska palamida

<0.05*

<0.01*

<0.05*

0.079

27

2012

European pilchard
(Sardina pilchardus)
Europska sardela

<0.05*

<0.01*

0.225

0.083

28

2013

European pilchard
(Sardina pilchardus)
Europska sardela

0.08

0.02

2417

0.07

29

2013

Bluefin tuna
(Thunnus thynnus)
Tuna plave peraje

<0.05*

0.01

0.94

0.72

30

2013

European pilchard
(Sardina pilchardus)
Europska sardela

<0.05*

<0.01*

3.03***

0.08

31

2013

European pilchard
(Sardina pilchardus)
Europska sardela

<0.05*

0.01

2.46%**

0.06

32

2013

European sprat (Sprattus
sprattus)
Europska papalina

<0.05*

0.02

1.86

<0.02*

33

2013

European pilchard
(Sardina pilchardus)
Europska sardela

<0.05*

<0.01*

4.69***

0.10

34

2013

Atlantic mackerel
(Scomber scombrus)
Atlantski Skombar

<0.05*

<0.01*

3.027%**

0.04

35

2013

Atlantic mackerel
(Scomber scombrus)
Atlantski sSkombar

<0.05*

<0.01*

2.81%**

0.03

Value range

<0.051t0 0.091

<0.01to0 0.024

<0.05t0 4.69

<0.02t0 1.98

* |evels under LOD / * razine ispod LOD
** Hg values above EU Directive 1881/2006 / ** Hg razine iznad EU directive
*** As values above Bosnia and Herzegovina national standards (no EU levels) / *** prema razinama iznad standarda
Bosne i Hercegovine (bez EU razina)
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Table 5 Mean values of lead, cadmium, arsenic and mercury in analyzed samples according to type of fish

(expressed in mg/kg)

Tablica 5. Prosjecne vrijednosti kadminuma, arsena i Zive kod analiziranih primjeraka prema vrsti ribe (izraZeni

u mg/kg)
Type of Number of Mean value Pb | Mean value Cd Mean value As Mean value Hg
sample samples (N) (mg/kg) (mg/kg) (mg/kog) (mg/kg)
Vrsta Broj uzoraka Srednja Srednja Srednja Srednja
uzorka vrijednost Pb vrijednost Cd vrijednost As vrijednost Hg
Blue fish 35 <0.05* 0.012 0.951 0.141
Plava riba
White fish 39 0.05 0.011 1.291 0.249
Bijela riba

* levels under LOD / * razine ispod LOD

Table 6 Daily and weekly exposures depending on fish species and intake of specific metals
Tablica 6. Dnevna i tjedan izlozenost ovisno o vrsti ribe i ulaska specificnih metala

Type of Fish Mean value of Pb | Mean value of Mean value of Mean value of
sample . intake (ug) Cd intake (ug) As intake (ug) Hg intake (pg)
consumption ! . . .
Vrsta Potrosnja __Sredn ja '_Srednja __Sredn ja _ _Sredn ja
uzorka ribe vrijednostt Pb vrijednsot Cd vrijednost As vrijednost Hg
unosa unosa unosa unosa
Blue fish g/day
Plava riba Dan 1 0.2 20 3
o/week
Tjedan 7 1.4 140 21
Type of g/day
sample Dan 1 0.2 30 5
Vrsta g/week
uzorka Tjedan 7 14 210 35

By statistical evaluation of data, using Mann-
Whitney U test and IBM SPSS Statistics software,
version 21, it was determined that the statistically
significant value of arsenic exists in blue fish during
the spring period and the amount of mercury is higher
in white fish compared to blue fish, as seen in Table 7.
During fall, a statistically significant difference in
mercury levels was recorded and the results are
displayed in Table 8.

According to the existing regulations, based on
which the health suitability of fish is determined, the
Highest Permissible Amounts exist for lead, cadmium
and mercury,*"1825 while they were not determined for
arsenic. The results of former studies point to the
apparent presence of arsenic and lead in different fish
species and their possible health effect on humans.?*-2
For that reasons, it is important to monitor the amount
of heavy metals in fish so daily intake of heavy metals,
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based on fish consumption, could be determined and
the health effects assessed.

Significant differences in heavy metal amounts
(arsenic, lead, zinc and mercury) were also determined
in other fish species like the Japanese threadfin
bream (Nemipterus japonicus), dorab wolf-herring
(Chirocentrus dorab), Emperor red snapper (Lutjanus
sebae), tigertooth croaker (Otolithes ruber) and silver
pomfret (Pampus argenteus).®

Higher levels of heavy metals were generally found
in predatory species, which may be explained by their
position in the food chain.

Low concentrations of lead (0.004 mg/kg) in
marine fish (mackerel, anchovy, and tuna) were
recorded by Olmedo et al.,3* as well as Vuli¢ et al. in
sea bass and gilt poll, where the mean measured values
ranged from 0.039-0.065 mg/kg, i.e. 0.090 to 0.134
mg/kg®.
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Table 7 Mann-Whitney U test for samples of fish
collected during the spring period
Tablica 7. Mann-Whitney U test
ulovljene u proljetnom razdoblju

na uzorke ribe

Mann-
Whitney U z i

Lead (mg/kg)

ead 17850 | 0.00 | 1.000
Cadmium(mg/kg) | - 15650 | 121 | 0523
Kadmium ' . |
Arsenic (mg/kg) 109.00 -2.12 | 0.042
Arsen ' . |
Mercury (mg/kg) 84.00 -2.77 | 0.005
Ziva . . .

Table 8 Mann-Whitney U test for samples of fish
collected during the fall period
Tablica 8. Mann-Whitney U test
ulovljene u jesenskom razdoblju

na uzorke ribe

Mann-
Whitney U z i

Lead (mg/kg) 133.000 | -1.526 | 0.372
Olovo

Cadmium(mg/kg) | 193000 | -1.964 | 0.126
Kadmium ' ' '
Avrsenic (mg/kg) 121.000 | -1.304 | 0.203
Arsen ' ' .
Mercury (mg/kg) 74500 | -2.769 | 0.005
Ziva . . .

EFSA specifies that the average lead concentration
for all fish and food originating from the sea amounts
to 0.0543 mg/kg, which is in compliance with the
results of our research.®

Low concentrations of cadmium were established
also in other researchers conducted on marine fish
(0.001-0.009 mg/kg).34%

Mason et al. established in their research there was
no difference in the levels of arsenic between
herbivore and carnivore types of fish, however they
established huge differences in the concentration of
arsenic in the fillets of fatter fish (herring) and less fat
fish (codfish). They did not establish evidence in the
same study on biomagnification since the arsenic
concentrations in organisms showed a tendency of
decline with the increase of trophic level.*” The
average concentration of total arsenic in the mixed
sample of maritime and freshwater fish and other
food of marine origin ranges from 0.100-1.8 mg/kg
(SCOOP, 2004).%8 A relatively high range of arsenic
(0.298-6.849 mg/kg) in marine fish sampled in the
Adriatic was established by Vuli¢ et al.*® Multiple

lower values and lesser range (0.025-0.561 mg/kg) in
marine fish sampled in Spain were established by
Olmedo et al.*

Higher concentrations of mercury, some of which
exceed the maximum allowed concentrations, were
recorded in predatory species, such as the tuna, shark,
mackerel and conger,’®* whereas somewhat lesser
values were reported by Martorell et al.*®

This is also in compliance with the results of this
research, in which the highest recorded levels of
mercury were established precisely in predatory
species conger and tuna.

Considering the daily consumption of fish in
Croatia, which is in average 19.54 g per day,* or 7.13
kg per year, and the permissible weakly intake of
heavy metals regulated by the European Union?, we
can estimate if the obtained results have a substantial
contribution to the heavy metal intake. According to
the results of this study, we can determine that by
consuming fish, we take in arsenic the most from all
the studied heavy metals. The amount of daily arsenic
intake is 176.0 pg for white fish and 130 pg for blue
fish, which is substantially lower than 223.6 pg
determined in Spain.** The intake of mercury follows
with 33.8 pg per day for white fish, and 19.2 ug per
day for blue fish. The intake of cadmium is relatively
low and amounts to 1.50 pg per day, for blue and white
fish. The amounts of heavy metals recorded in this
study do not contribute substantially to heavy metal
intake and the assessed intakes of heavy metals do not
exceed permissible weakly intakes. The potential
problem exists only with arsenic intake, whose
permissible weakly intake is not regulated. Whereas it
is total arsenic and not anorganic arsenic, the obtained
amounts will not have a negative effect on human
health, other studies pointing to the same conclusions,
obtained values being significantly higher.#244

Conclusion

Considering the results, we can conclude that the
presence of lead and cadmium was determined in the
least amount of analyzed samples, whereas almost all
samples contained arsenic and mercury. It is important
to state that the number of samples exceeding the
highest permissible amounts of heavy metals is
insignificant in relation to the number of analyzed
samples. It is also important to note and warn about the
presence of arsenic and mercury in this particular food
group described as extremely healthy and desirable in
daily consumption. According to the fact that seasonal
changes in the Hg concentrations in aquatic
ecosystems have been investigated and documented in
many studies aiming to describe seasonal patterns, by
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using the Mann-Whitney U test. This study has also
confirmed seasonal differences as well as the
differences that can be observed between blue and
white sea fish. The statistically significant value of
arsenic exists in blue fish during the spring period, and
the amount of mercury is higher in white fish
compared to blue fish. Also during the fall, a
statistically significant difference in mercury levels
was recorded.

Today’s nutrition has a tendency to be based on sea
fish, as one of the basic foods of a healthy diet. With
that in mind, studies of the quantity of heavy metals in
fish are of great importance for the purpose of
assessing heavy metal daily intake and its possible
health effects, which can be made based on the
obtained results. According to this study, there is no
excessive intake of heavy metals, and therefore there
are no harmful health effects. Given that the study
showed the presence of arsenic in fish, determination
of maximum permissible amount of arsenic in this food
group is recommended, as well as further studies of
heavy metal presence in fish.

References

1. Puntari¢ D, Vidosavljevi¢ D, Gvozdi¢ V et al. Heavy
metals and metalloid content in vegetables and soil
collected from the gardens of Zagreb, Croatia. Coll
Antropol. 2013;3:957-964.

2. Dural M, Goksu MZL, Ozak AA. Investigation of
heavy metal levels in economically important fish
species captured from the Tuzla lagoon. Food Chem.
2007;102:415-421.

3. Kamaruzzaman BY, Rina Z, Akbar John B, Jalal KCA.
Heavy Metal Accumulation in Commercially Important
Fishes of the South West Malaysian Coast. Res J
Environ Sci. 2011;5:595-602.

4. Catsiki VA, Strogyloudi E. Survey of metal levels in
common fish species from Greek waters. Sci Total
Environ. 1999;237/238:387-400.

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

6. KeskinY, Baskaya R, Ozyaral O, Yurdun T, Luleci NE,
Hayran O. Cadmium, lead, mercury and copper in fish
from the Marmara Sea, Turkey. Bull Environ Contam
Toxicol. 2007;78:258-61.

7. Uluozlu OD, Tuzen M, Mendil D, Soylak M. Trace
metal content in nine species of fish from the Black and
Aegean Seas, Turkey. Food Chem. 2007;104:835-840.

8. Torkmen M, Tirkmen A, Tepe Y, Tore Y, Ates A.
Determination of metals in fish species from the Aegean
and Mediterranean Seas. Food Chem. 2009;113:233-237.

9. Flora G, Gupta D, Tiwari A. Toxicity of lead: A review
with recent updates. Interdiscip Toxicol, 2012;5:47-58.

104

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

. Castro-Gonzalez, MI, Méndez-Armenta M. Heavy
metals: Implications associated to fish consumption.
Environ Toxicol Pharmacol. 2008;26:263-271.

Baéta AP, Kehrig HA, Malm O, Moreira 1. Total
mercury and methylmercury in fish from a tropical
estuary. In: Kungolos AG, Brebbia CA, Samaras CP,
Popov V (eds) Environmental toxicology. Wit,
Southampton, Boston, 2006, p. 183-192.

Merian E, Anke M, Ihnat M, Stoeppler M. Elements and
their Compounds in the Environment. Metals and their
Compounds, 2004, vol 2.

Godt J, Scheidig F, Grosse-Siestrup C, Esche V,
Brandenburg P, Reich A, Groneberg DA. The toxicity
of cadmium and resulting hazards for human health. J
Occup Med Toxicol, 2006;1:22.

Ratnaike RN. Acute and chronic arsenic toxicity.
Postgrad Med J. 2003;79:391-396.

Uneyama C, Toda M, Yamamoto M, Morikawa K.
Arsenic in various foods: cumulative data. Food Addit
Contam, 2007;24:447-534.

Act on Contaminants. Official Gazette of the Republic
of Croatia No. 39/13

Znanstveno misljenje o prisutnosti zive, olova, kadmija
i arsena u akvati¢nim organizmima na trZistu Republike
Hrvatske. Hrvatska agencija za hranu, 2014;
http://www.hah.hr/znanstveno-misljenje-o-prisutnosti-
zive-olova-kadmija-i-arsena-u-akvaticnim-
organizmima-na-trzistu-republike-hrvatske/

Pravilnik o maksimalno dozvoljenim koli¢inama za
odredene kontaminante u hrani (Sluzbeni list BiH
68/2014)

Zhang L, Campbell LM, Johnson TB. Seasonal
variation in mercury and food web biomagnification in
Lake Ontario, Canada. Environ Pollut. 2012;161:178-
184,

Murphy GW, Newcomb TJ, Orth DJ. Sexual and
seasonal variations of mercury in smallmouth bass. J
Freshwater Ecol. 2007;22:35-143.

Burger J, Jeitner C, Donio M, Shukla S, Gochfeld M.
Factors affecting mercury and selenium levels in New
Jersey flatfish: low risk to human consumers. J Toxicol
Environ Health, 2009;72:853-860.

Joiris CR, Das HK, Holsbeek L. Mercury accumulation
and speciation in marine fish from Bangladesh. Marine
Poll Bull, 2009;40:454-457.

Kehrig HA, Lailson-Brito JrJ, Malm O, Moreira |I.
Methyl and total mercury in the food chain of a tropical
estuary-Brazil. RMZ Materials and Geoenvironment,
2004;511:1099-1102.

Bosnir J, Puntari¢ D, Smit Z, Capuder Z. Fish as an
Indicator of Eco-System Contamination with Mercury.
Croat Med J. 1999;40:546-9.

European Commission, Commission Regulation (EC)
No 1881/2006 of 19 December 2006 setting maximum
levels for certain contaminants in foodstuffs. Off J Eur
Union, 2006, L 364/5; http://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri = CELEX:32006R1881&
from =EN

Torres DP, Martins-Teixeira MB, Silva EF, Queiroz
HM. Method development for the control determi-



Brki¢ D et al. Determination of heavy metals in different fish species sampled ... — Med Jad 2017;47(3-4):89-105

217.

28.

29.

30.

31.

32.

33.

34.

35.

nation of mercury in seafood by solid-sampling
thermal  decomposition amalgamation  atomic
absorption spectrometry (TDA AAS). Food Addit.
Contam. A, 2012;29:625-632.

Khalifa KM, Hamil AM, Al-Houni AQA, Ackacha
MA. Determination of Heavy Metals in Fish Species
of the Mediterranean Sea (Libyan coastline) Using
Atomic Absorption Spectrometry. Int J ChemTech
Res. 2010;2:1350-1354.

Jarapala SR, Kandlakunta B, Thingnganing L.
Evaluation of trace metal content by ICP-MS using
closed vessel microwave digestion in fresh water fish.
J Environ Public Health. 2014:1-8.

Noel L, Dufailly V, Lemahieu N, Vastel C, Guerin T.
Simultaneous analysis of cadmium, lead, mercury and
arsenic content if foodstuffs of animal origin by
inductively coupled plasma/mass spectrometry after
closed vessel microwave digestion: method validation.
J AOAC Int. 2005;88:1811-1821.

Carbonell G, Bravo JC, Fernandez C, Tarazona JVA.
New Method for Total Mercury and Methyl Mercury
Analysis in Muscle of Seawater Fish. Bull Environ
Contam Toxicol. 2009;83:210-213.

European Commission, Commission Regulation (EU)
No 420/20110f 29 April 2011 amending Regulation
(EC) No 1881/2006 setting maximum levels for
certain contaminants in foodstuffs. Off. J. Eur. Union,
2011, L 111/3 http://eur-lex.europa.eu/legal-content/
EN/TXT/PDF/?uri = CELEX:32011R0420&from = EN
Javed M, Usmani N. Accumulation of heavy metals in
fishes: A human health concern. Int J Environ Sci.
2011;2:659-670.

Juresa D, Blanusa M. Mercury, arsenic, lead and
cadmium in fish and shellfish from the Adriatic Sea.
Food Addit Contam. 2003;20:241-246.

Olmedo P, Pla A, Hernandez AF, Barbier F, Ayouni
L, Gil F. Determination of toxic elements (mercury,
cadmium, lead, tin and arsenic) in fish and shellfish
samples. Risk assessment for the consumers. Environ
International. 2013;59:63-72.

Vuli¢ A, Bogdanovi¢ T, Pleadin J, Persi N, Zrn¢i¢ S,
Orai¢ D. Usporedba kemijskog sastava i koliCine
teSkih metala u mesu lubina (Dicentrarchus labrax) i

36.

37.

38.

39.

40.

41.

42.

43.

44,

komar¢e (Sparus aurata) iz uzgoja i slobodnog ulova.
Meso. 2012;14:404-410.

EFSA, European Food Safety Agency. Scientific
Opinion on Lead in Food. EFSA Journal.
2010;8(4):1570.

Mason RP, Laporte JM, Andres S. Factors controlling
the bioaccumulation of mercury, methylmercury,
arsenic, selenium, and cadmium by freshwater
invertebrates and fish. Arch Environ Con Tox.
2000;38:283-297.

SCOOP, Scientific Cooperation. SCOOP Report of
experts participating in Task 3.2.11. March 2004.
Assessment of the dietary exposure to arsenic,
cadmium, lead and mercury of the population of the
EU Member States, 2004; http://ec.europa.eu/food/
food/chemicalsafety/contaminants/scoop_3-2-1_
heavy_metals_report_en.pdf. pp. 125

Martorell I, Perello G, Marti-Cid R, Llobet JM, Castell
V, Domingo JL. Human exposure to arsenic,
cadmium, mercury and lead from foods in Catalonia,
Spain: temporal trend. Biol Trace Elem Res. 2011;14:
309-322.

Drzavni zavod za statistiku Republike Hrvatske,
Statisticki ljetopis Republike Hrvatske. Zagreb, 2013,
186.

Llobet JM, Falco G, Casas C, Teixido A, Domingo JL.
Concentrations of arsenic, cadmium, mercury, and
lead in common foods and estimated daily intake by
children, adolescents, adults, and seniors of Catalonia,
Spain. J Agric Food Chem. 2003;51:838-842.

Akoto O, Bismark Eshun F, Darko G, Adei E.
Concentrations and health risk assessments of heavy
metals in fish from the Fosu Lagoon. Int J Environ
Res, 2014;8:403-410.

Zhuang P, Li ZA, McBride MB, Zou B, Wang G.
Health risk assessment for consumption of fish
originating from ponds near Dabaoshan mine, South
China. Environ Sci Pollut Res, 2013;20:5844-5854.
Amirah MN, Afiza AS, Faizal WIW, Nurliyana MH,
Laili S. Human health risk assessment of metal
contamination through consumption of fish. J Env Poll
and Human health, 2013;1:1-5.

105



Brki¢ D et al. Determination of heavy metals in different fish species sampled ... — Med Jad 2017;47(3-4):89-105

106



