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Author’s Abstract

Analysis of Selected Heavy Metals in Tissue of Fish

Heavy metals are chemical components belonging ramsitional metals,
metalloids, lanthanides and actinides. The ocogg®f toxic heavy metals in higher non-
permitted values can cause health problems in huandralso in animals. The main goal
of this thesis was determination of levels of sildcheavy metals (Cd, Pb, Hg, As) in
tissues of fish (muscle or liver). One set of saspf tissues was collected in Mongolia
(Arkhangai and Khuvsgul area from August till Oatol2011) and analysed in accredited
laboratory of State Veterinary Institute in Praguéysolaje. For comparison was used
second set of samples from databases of StateinaterAdministration of the Czech
Republic for last 10 years (2000-2010). The sampfetatabases were divided into three
categories- common carp, trout and other freshwizggbr Total sum of analyzed Czech
fish tissues were 4101 samples and Mongolian 2@eseptative samples. Methods for
determination of selected heavy metals were Atomsorption Spectrometry and
Included Coupled Plasma- Mass Spectrometry, whiefevehosen by laboratory of State

Veterinary Institute in Prague- Lysolaje (all arsdyg were done there).
The concentration of different metals in fish tissdiollowed the this order :
AS>Hg>Cd>Pb

The maximum value of arsenic was 3,6 mg/kg (HLasdetermined by EU, due to
the CR is 1,000 mg/kg). The highest value of cadminas0,083 mg/kg (HL for Cd=
0,050 mg/kg). The maximum value in lead was 4,0@qngHL for Pb=0,500 mg/kg) and
the highest value of mercury was 0,880 mg/kg (HLHg=0,300 mg/kg).

Regular control of food chain, water and soilsHeavy metals are necessary.

Key words: fish tissue, cadmium, lead, mercury, arsenic, icttxatomic

absorption spectrometry



Autorsky referat

Analyzy vybranych tézkych kowvi v tkanich ryb

Teézké kovy jsou chemickeé prvky, které sadi mezi pechodné kovy, polokovy,
lanthanoidy a aktinoidy. Vyskyt toxickychézkych kowi ve vysSSich nefpustnych
hodnotach mize zpisobit zdravotni problémy jak u lidi tak u #af. Hlavnim cilem této
prace bylo stanoveni hodnot vybranygkkich kowvi (Cd, Pb, Hg, As) ve svaloveé a jaterni
tkani ryb. Jedna sada vzdrkkani byla odebirana v Mongolsku (oblast Arkhangai
Khuvsgul v terminu od srpna digna 2011). Tyto vzorky byly analyzovany v akredéné
laboratdi Statniho Veterinarniho Ustavu v Praze — Lysohajfero porovnani byla pouzita
druh& sada vzotkz databaze Statni Veterinarni Spré&igské republiky za poslednich 10
let (2000-2010). Vzorky z databaze byly réieey do ti kategorii — kapr obecny, pstruzi
a ostatni sladkovodni ryby. Celkovy @b analyzovanych vzoiktkani ceskych ryb byl
4101 a z mongolskych ryb 20. Pro stanoveni hodtiikyth kowi byla pouzita atomova
absorgni spektrofotometrie hmotnostni spektrometrie samm plazmatem. Tyto metody
byly zvoleny akreditovanou labor&idstatniho Veterinarniho Ustavu v Praze — Lysdiiajic

(vSechny analyzy byly provady v této laboratb).
Koncentrace&kych kowi v tk&nich ryb byla nasledné:
AS>Hg>Cd>Pb

Maximalni hodnota arsenu byla 3,6 mg/kg (hygienidkyit neni stanoven
Evropskou Unii, ale limit praCR je 1,000mg/kg. Nejvy3si hodnota kadmia byla 0,083
mg/kg( hygienicky limit je 0,050 mg/kg) Maximalniotinota olova byla 4,00 mg/kg(
hygienicky limit je 0,500 mg/kg) a nejvysSi hodneta rtu’ byla 0,880 mg/kg(hygienicky
limitje 0,300 mg/kg).Pravidelné kontrolgzkych kowi ve vod ,padé a potravnimietzci

jsou potebné.

Kli ¢ova slova:tkare ryb, kadmium, olovo, #f, arsen, toxicita, atomova absémp

spektrometrie
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1. Introduction

Heavy metals are chemical elements, which areeeléd mainly transitional metals,
metalloids, lanthanides and actinides. A lot ofad#nt expressions could be found. Some
of them are divided metals according to their dgnsin atomic number, an atomic weight
or toxicity (ADRIANO, 2001). The main natural soascare parent rocks and metallic
minerals, anthropogenic sources involve mining, I8ngg metal finishing and also

agricultural activities are include to this grolgE(NCKO et. al., 1995).

The well-known chemical contaminants (heavy metaf&l persistent organic
pollutants) may represent a potential human hdattard (HUSS, 2004). These elements
have negative influence also on animals. Howevey ttould be toxic, but on the other
hand they are essential for human. Increasing patesf toxicity of heavy metals can
cause serious ecological problem. Metals are ngnad@ble and they are accumulated in

soils, water and living organisms (CIBULKA, 1991).

Concentration of metals in natural areas, namelwater, atmosphere, foodstuff
and in soil is the reason of increasing serioudblpra with hygiene (WATSON, 2001).
Most of the heavy metals have ability to accumufeden water to sediments and later to
living organisms. The highest coefficient of accuation has cadmium, lead and mercury
(ADAMEK, 2010). Some amount of harmful substancesynoccur in fish and water
animals. The lowest concentrations of these elesramat detected in fish from aquaculture
(INGR, 2010).

Concerning for these contaminants are mainly rél&ddish harvested in estuaries,
fresh water, and coastal waters. In these areds@ated shore-side industries or intensive
agriculture. Thus there is a possibility of higheage of large amounts of pesticides or
other agro-chemicals (HUSS, 2004)

INGR in (2010) noticed, that fish are importanttpe healthy nutrition of human.

Contain omega 3- fatty acids, which are necessargrjanisms.

It is necessary to know the factors, which influetite uptake of the metals in the
body and consequently their localization in theues (SCHEGEL et. al., 2008)

-10 -



Atomic absorption spectrometry (AAS) is one of thest widely used analytical
methods for trace element analysis. The determmatf about 68 elements (metals and
metalloids) is allowed (KOMAREK, 2000).

-11 -



2. Aims of the Thesis

This thesis deals with the analyses of heavy meliafscuses on cadmium, lead,
mercury and arsenic in fish tissues (muscle aner ltissue) in the Czech Republic and
Mongolia. The aim therefore is to assess conceoitraif selected heavy metals, which
would be compared with hygienic limits recommentgduropean Union. There are also
some health risks, which should be evaluated. AluM¥ be mentioned in the tables. |
assume that mercury would be the element often wathes over the hygienic limit in
Mongolia, due to the exploitation of individual asein Mongolia (gold mining, copper
mining) can be assumed illegal use of mercury fatrtaining of gold. Although the topic
is quite important because of really high consumptf fish by human, we need to know
some health risks of the heavy metals concentratidish tissues.

2.1. Hypothesis:

H1: Due to the exploitation of individual areasNfongolia (gold mining, copper

mining) can be assumed illegal use of mercury fottaining of gold.

H2: In freshwater fish will be higher concentrasoof selected heavy metals than

in Common carp or trout.

-12 -



3. Bibliographic Research

3.1. Fishin general

Fish are an ancient group of vertebrates, whicheamga on Earth in older
Palaeozoic era in period called the Silurian mo@nt400 million years ago. However

more significant development occurred in the foilogvsection Devonian.

Next development was interesting in terms of quarand appearance of various
forms, which we know nowadays. They inhabit oumplafor a very long time and still
represent the top of adaptation of organisms iratcjgystems (BALONEK, 2004)

Fish body is usually spindle and hydrodynamicahg®ed. Three main parts are
head, trunk and tail. Some fish are adapted toifspe@onditions, so the shape of their
body is unique (flat fish, seahorses or deep fis@pnditions in which fish live have a
major influence on appearance and colour. Moutlisbf is normally full of rows with
teeth (BALONEK, 2004)

The head has probably the most complicated striciisvhole body. The Brain
and gills are hidden in head and there is the flaiceariety of sensory organs. Important
parts for moving in the water are fins. They areated in different parts of body and play
role in several functions- drive the fish, stakdlithe body and allows doing other things
during the move and on the spot. Skin is coverdt sgales. They can have unusual size
or they are not developed, so the skin is bare (BNEK, 2004).

3.2. Presence of most common fish in the Czech Repubfdad Mongolia

The Czech Republic is right at the barrier of 3aiént drainage areas- Baltic Sea, North
Sea, Black Sea. The richest for different speddabe Black Sea. Total sum of species of
fish in the Czech Republic is variable due to thtural migration and random settings by
human (DUS, 2010).

The most common species of fish in rivers, lakemds, steams or dams from
Czech Republic are from familyAcipenseridae, Anguillidae, Clupeidae, Esocidae,

-13 -



Salmonidae, Siluridae, PercidaeSurely the most widespread fish is from family
CyprinidaeCommon carpQyprinus carpioXMZ, 2010)

Kingdom Animalia animals
Phylum Chordata chordates
Subphylum Vertebrata vertebrates
Superclass Osteichthves bony fishes
Class Actinoptervgii spinv raved fishes
Subclass Neopteryeii neopterygians
Order Cvpriniformes
Familv Cvprinidae

Genus Cyprinus (Linnaeus, 1758)
Species  Cyprinus carpio( Linnaeus, 1738) COMMOoNn Carp

3.2.1. Common Carp (Cyprinus carpio)

Fig.1: Taxonomy of Common cafyprinus carpio) (ITIS% 2012)

Common cargCyprinus carpid is a freshwater fish from famil€yprinidae(see Fig.1).
Probably carps were the first domesticated fish theg are the most important genus of
fish used in aquaculture. In the Czech Republitéstraditional fish with huge economic
importance (DUS, 2010).

Priceless advantages are that the growth is réadlyand quality of meat is high. Family
Cyprinidae is widespread all over the world, breeding of taisily is on high level and all
coloured forms are known especially in Japan. Heveome species were introduced to
Australia, where are considered as an extremelgeatans species with bad influence on
freshwater ecosystems (ANDREJI et. al., 2006), \D&EYPUTTE, 2003).

-14 -



Fig.2- Common carfCyprinus carpio)

Weight of Common Carp could be in good conditiormuad 20 kilograms and length is
around 1 meter (see Fig.2). The shape of the bedgyalong and covered with scales.
Muzzle is movable with 4 hairs on its circuit. Carputh is without teeth, but food is
processed by special bones with 3 rows of teetkesEBye moving with gold, deep green
colour. Carps have got dorsal, pectoral, abdominakl and caudal fins. They are
omnivores (DUS, 2010).

3.3. Fish in Mongolia

The Mongolia is also at the barrier of 3 differeithinage areas- Arctic Ocean,
Pacific Ocean and Central Asian Internal Draindgdee last named is the largest on and
includes the Great Lakes depression basin includwvgyLake, Khar- Us Lake, Khar Lake
and Khyargas Lake. Khuvsgul Lake is the seconddsgffeshwater lake in Asia. Its water
contributes to Baikal Lake. This lake is rich faffefent species of fish and famous for
game fishing (BATNASAN, 2003)

-15 -



In Mongolia you can find a lot of fish from familysocidae, Salmonidae, Percidae
and Cyprinidae The most well-known fish from famil§palmonidaeis Taimen(Hucho
taimen)(BATNASAN, 2003)

3.3.1. Taimen (Hucho taimen)

The taimen, which is also known as Mongolian tetrout or Siberian taimen, is
species of fish from familgalmonidadsee Fig. 3). Distribution of these fish is majron
east part of the Asia, in Mongolia and Russia. Bas live in flowing water and
sometimes are found in lakes ( HOK, 1988)

Kingdom Animalia animals
Phvlum Chordata chordates
Subphylum Vertebrata vertebrates
Superclass Osteichthves bonv fishes
Class Actinoptervaii spiny rayed fishes
Subclass Neopterygii neopterygians
Order Salmoniformes salmons
Family Salmonidae
Genus Hucho (Giinther, 1866)
Species Hucho taimen( Pallas, 1773) taimen

Fig.3: Taxonomy of taimefHucho taimen)(ITIS®, 2012)

The taimen is rich in colours, olive green on tlead and reddish brown in the tail. Fins

are dark red and belly is from white to dark gregq Fig.4). Taimens are mainly

piscivores, but they eat small rodents and bird3l(&iK, 1988).




Fig.4-The TaimenHucho taimen)

Largest salmonid in the world is taimen. The maximsize is not well-known, but a fish
caught in Russian Kotui River was 210 cm long amibht was 105kg. This is the largest
reliable record. It could be for this reason thegdme a valued game trophy, especially
for fly fishermen (HOICIK, 1988).

3.4. Fish as a source for human nutrition

The important role in world’s food system playshfi#t is increasingly seen in the
rich world as a healthy luxury food (EMERSON and¥RLEIFUL, 2009). Fish are major
part of healthy nutrition. People are searchingalbkinds of fish. The most consumed fish
are from the sea (MZ, 2010).

3.4.1. Nutrition value of fish meat

The content of omega-3- fatty acids is high andlyesecessary from human. The
reason is that human organism cannot create theralsd contains a high valuable
biological proteins and other substances needeatamins and microelements. Balanced
diet with the presence of fish helps to preventlicaascular diseases, in children promotes
healthy growth and development of body tissues (RIZ1,0). According to INGR (2010)
has from nutritional point of view it is advantagedhe presence of potassium and sodium
in fish meat. We get really high amount of potassiuiom fish, but on the other hand a

relatively small amount of sodium.

The nutritional value of fish meat is derived frat® chemical composition and is
highlighted by relatively huge utilization of nwnts by human body. Overall, the
nutritional value of seafood is much higher thaa treshwater fish. Fish proteins have
high biological value. They are well-digestible amsbble, especially for the absence of
collagenous proteins of fibrous tissues. Advantaigeiological value of fish meat is also
for positive content of essential amino acids. Tib&itional value is excellent due to the
lipids in liver and muscle tissues, especially sedf The lipophilic vitamin A, D and
essential fatty acids are also present in seafootigh amount. The most important

minerals obtained from fish meat are iodine, catcand phosphorus (INGR, 2010).
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The concentrations of heavy metals in the musskuéis are the most important,
because they are the most common consumed pashofThis valid for seafood and also
for freshwater fish (CANLI et.al., 1998)

3.4.2. Influence of environment on fish population and quéty of their

production

However in fish and aquatic animals can occur ger@amount of harmful
substances. The lowest concentrations of theseftilasobstances are found in fish from

aquaculture. Usually these fish are the market.ones

For evaluation of the health risks arising fromhfisonsumption are monitored

these toxic substances:

» Toxic metals (Mercury, Methylmercury = toxic formhmercury, lead, cadmium)
» Hazardous organic compounds (DDT, PCBSs)
Generally it is expected, that older fish leadshigher accumulation of toxic
substances (MZ, 2010).

3.5. Contamination of environment by toxic metals

The heavy metals constitute the largest probletherarea of harmful contaminants
of inorganic origin. Heavy metals are defined ag@up of elements between copper and
lead in the periodic table of elements with a dgngreater than 5 g.cth The most
dangerous is cadmium, as well as lead, mercurycaAnoimium. However, problems can
cause also copper, zinc, molybdenum, nickel, etmeSsources say this descending order
of contaminants with harmful effects: for crop pwotdon: Hg, Pb, Cd, etc,;

_ for animal production: Cd, Hg, Pb,

The pollution by heavy metals is related to theicuanulation in soil, plant and
animal material (GREENWOOD and EARNSHAW, 1993), @¥OL, 2005).

The occurrence of chemical contaminants in varibasd stuffs is a serious
problem at the global level. In fish it is relatedh pollution of flowing water, dams, seas
and oceans. The most serious contamination in disth fish products is by mercury,

cadmium and polychlorinated biphenyls (INGR, 201@)HO set for contaminants the
-18-



detection limits and additive value ADI (Acceptaldaily Intake). ADI is for substances
expressed in mg per 1 kg of body weight and melamslose that can be received during
whole life. It is determined with usage of a safiegtor of 100, but for the health status is
better less drawing from the ADI limit (INGR, 2010)

Accumulation of selected heavy metals in tissudisif, is influenced by
concentrations of metals in food organisms and nvaggposure duration and
factors on physiochemical bases (JEZIERSKA and VBKE, 2001)

3.5.1. Source of Pb, Hg, Cd, As in atmosphere

Gaseous, liquid and solid proportions of trace &res in different composition and
origin are raised into the air and can affect maimyospheric processes as decreasing of

visibility, causing various thermal changes andhfation of clouds.

Transport of substances in the atmosphere (MILLERROBINSON, 1988).
a) Local Transport
b) Regional transport

c¢) Global transport

Exception in this is mercury, which can be tranggbfor a long distances without
chemical changes (PETERSEN, 1989)

Trace elements are mainly distributed in the atesp from combustion processes, this
become a global problem (CIBULKA, 1991).

3.5.2. Source of Pb, Hg, Cd, As in water environment

At least in small amount are contains of almostnaditals in waters. The
enrichment of water by heavy metals occurs by abné water with rocks and
soil, volcanic activity and anthropogenic pollutitoom industrial agglomerations
(PITTER, 1999).
Currently is increasing the water contaminatiorhbgvy metals and if their income
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exceeds the body's ability to excrete, these smbssacan cause toxicity. Some
substances are not capable of secreting by organihese elements accumulate
in tissues and can be particularly danger®@@RL and FAHNRICH, 1999).

3.5.3. Source of Pb, Hg, Cd ,As in soils

Contamination of soil is sorted with water and werdsion, land degradation by
declining of organic matter and disruption of wagbeocesses, which could affect the soil
functions. The contamination of soils involved mamgrganic and organic substances, the
source in the soil can be of natural processesaatisropogenic activity. The potential
hazards of these substances is assessed in teeunslofical toxicology (effects on other
components of the ecosystem), in terms of humatcdtogy (acting on the human
organisms) and in economic term (reduction of pabflity of crop production) (BENES,
1993).

According to BENES (1993), who described the thpsssibilities of

entrance of metals into the soil:
1) natural - primary (formed minerals, rocks, begs)

2) natural - secondary (consisting of various poslwf natural processes
such as dust storms, often with a high content rgfamic matter, or volcanic
activity, atmospheric fallout and precipitation)

3) anthropogenic (due to wide range of human amsi the source of
elements is in the application of various raw malg, fertilizers, pesticides, fly

ash, sludge, irrigation water, etc.)

Under the normal conditions are metals found ithisoiather small quantities, but
on the other hand due to the anthropogenic inflegribeir content in the soil increases.
This is related to the toxicity of these metalsjalhdepends on their in the soil. Hence is
necessary to monitor the contents of elementsilg, sants, food chain and also in human
population (ADRIANO, 2010).

Increasing potential of gold mining was observedviongolia since 2003. About
3000 tonnes of gold are the reserves of Mongolire gold mining in 2002 yielded 12.1

tonnes in Mongolia. From hard rock the gold is asetl using mercury by untrained
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employees. This situation is very reduced. Butrmi@ gold mining rapidly increases in
Mongolia. And this process will persist for sevatatades (MURRAY, 2003).

Soils polluted with arsenic can be considered anisgof health hazards of plants,
animals and also human (SMITH et.al., 1998).

3.5.4. Metals in living organisms

CIBULKA (1991) mentioned that heavy metals, namely, Pb, Cd, are in the
organs and tissues of fish found in inorganic fobort, mainly in organic compounds. For
example all the mercury in muscle tissues of fishin the form of toxic organic

compounds, methylmercury.

Specific pollution represents substances, whichczarse damages, death of fish or
accumulation in tissues. In extremely high consuompbf contaminated fish can damage
human health. They are mainly different metals #radr salts, which get into the water
from production processes or at their usage inreamong the most harmful substances
belongs the mercury, lead, copper, cadmium, alumpichromium, manganese or iron.
A special subset of elements is consist of compsumal elements with the effect of
bioaccumulation. These substances are able toobedsin tissues of fish (muscle, liver,
spleen, kidneys, etc.) even if they not cause tHemth directly. This group includes
mainly heavy metals as mercury, lead, copper, emtive elements and polychlorinated
biphenyls (DUS, 2010)

The bioaccumulation of metals in an animal depemilsa multitude of factors:
biotic ones, like its body dimensions and mass, age diet and metabolism. An abiotic
factors are known as the distribution of metalgsrenvironment, salinity, temperature, pH

of the water, habitat type, and interactions witieo metals.

The complex process named bioaccumulation is rneguithe simultaneous
examination of metal levels in the tissue of ansnfbm at least two adjacent
trophic levels. Most commonly, metals concentratiare higher in larger animals.
The reason is that they are the end members afftiai@, so the source of food are
smaller organisms ( BRANDL,2005),(O"NEILL, 1995).

The levels of Pb and Cd detected in muscle tisdubvestock animals were
constantly low, commonly equal to limits or belowhe concentrations of both metals
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occurred with higher frequency in liver and kidribgn in muscle tissue, but rarely exceed
0O,5g/kg for Pb,or 1g/kg for Cd (LARS, 1999).

3.6. Absorption of metals

BRANDL (2005) published the main ways contaminaidmrganism lead through
the atmospheric disposal in soil and water, overcttintaminated food and water.

Most of the compounds of metal are moved througiu fand drinking water. In
case of exposure to dust with content of arserddptum, lead in metal smelters is the
major pathway in inhalation (MERIAN, 1991).

Gates of selected metals to organism are lungsi@edtion tract. Possibility could be also
the absorption through skin (BENCKO et al., 1995).

3.6.1. Cadmium

Cadmium is an element belonging to the group oheaetals. Cd is one of the
most dangerous toxic substances, which can easigr ¢he food chain. From the soil is
easily transferred into plants (70%), in smalldéeia taken by plants from the atmosphere
(from 20 -40%) (HERIK et. al., 1995)

The cadmium accumulation is firstly in tissues adjon organs than in muscles
(MOORE and RAMAMURTHY, 1984).

Cadmium (Cd) is one of the most dangerous elemantse environment, which
penetrates from communal waste in the processingred, metals and in the form of
superphosphates that are used for fertilizatioomfrsewage sludge and from the
combustion of oil and gas. The source may be dsocombustion of plastics, coal and
fuel (BRANDL, 2005), (BRIMMER, 2011).

Toxicity of cadmium in fish usually includes damaafethe kidney or injury of the
gills. Often is connected with failure of respingtdunctions or asphyxiation. But the worst
case could be death (SORENSEN, 1991).

In the human organism the cadmium accumulateseanlitier, kidneys, pancreas
and genital organs, where damages the epitheliuntheftestis. From placenta can
cadmium penetrate to the fetus and damage it. Imemp Cd can cause the infertility

(SOVA,1995).
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Cadmium causes itai-itai, anemia, cardiac enlargeéngwnadal atrophy, failure of
kidney, pulmonary emphysema and different boneadise (KHALLAF et.al., 1998).

3.6.2. Lead

Lead can be found in all parts of nature. It isuassd that in regions, which are not
contaminated by human activities yet, the lead entrations should not exceed 1 ng.m-3
in the atmosphere. Some measurements, which taae ph Greenland and in the New
Earth, this assumption confirmed (BENCKO et. 099).

The simple ion P8 dominates in natural waters from dissolved forms of
occurrence, it also depends on the value of pHa@mtentration of all carbon dioxide.
Lead has a high storage rate and therefore acctesudanificantly not only in sediments
and sludge, but also in biomass of microorganisnt @ants. Pb is also considered a
potential carcinogen, especially harmful to chifdsebody. Lead is stored mainly in the
bones, partly in the blood (BENCKO et al. in 1995).

Lead (Pb), according to earlier data, was founthebiosphere in amount around
440 thousand tons. From this amount was 60% ofligas®5% from industries, 8% of
mining and 5% from fossil fuels. For further pea&tin of lead occurs from heating
plants, industries of aluminium, mines of magne®tentually of battery plants. Gate into
the food chain is consists of air, water and sdikre lead penetrates into the plants, feed,

fish, wildlife and livestock animals and eventually human on the top of the food chain.

30-50% of lead intake to the body penetrates bglatton, in the lungs the lead is
bound on the red blood cells and then they dispérsethe whole organism, especially
liver, kidney and in mostly to the bones.

In organism has lead a negative effect on antibmaguction, it can penetrate
through the placenta to the fetus and damage V£&£Q995).

Poisoning by Pb can caused vomiting, weight lossesses of coordination,
encephalopathy and insomnia etc. ( KHALLAF et 298).

Lead is associated with adverse outcomes in childviost common are learning
difficulties of impaired neurobehavioral developrn@ONTORO and VELEZ, 2004).
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3.6.3. Mercury

The occurrence of mercury in nature is low, therseus in the mercuric sulfide
HgS. It is also part of other sulphide ores, whanmd) the roasting enters the atmosphere.
An important source of mercury are atmospheric wathich are contaminated in
combustion of fossil fuels, as well as in industwaste water processing, agriculture, from
electrochemical processes and chemical laboratoryPITTER, 1999).
In water is present as metal Hig the form of inorganic ion H§",Hg*" and in form of

methylmercury CRHG® and dimethylmercury (C$i,Hg).

Toxic substance is methylmercury and ethylmercdNGR, 2010). They are
highly volatile and therefore can easily by aeratimove from the water into the
atmosphere. A significant problem is the high tayiof mercury and strong ability to
accumulate in the biomass (especially in animaugs as kidneys, liver and muscle
(POPL and FAHNRICH, 1999).

Mercury (Hg) enters the food chain from the aiil and water to which
contamination occurs from factories, where the mgres processed. The use of mercury
in agriculture and discharge waste of mercury waberways threatens fish, birds and wild
animals (ADRIANO, 2001).

Mercury is the most toxic heavy metals, which camdge the nervous system, kidneys,
liver, and can penetrate also into the fetus. bdtadmercury poisoning people with signs
of disorders of perception, may be a partial paedyof hands, tongue and around the
mouth. Damages could be a failure of memory, hgaaimd hallucinations may occur
(SOVA, 1995).

Average content of mercury in seafood is usuallipwe0,1 and almost always
below 0,15 mg/kg, in freshwater it is below 0,2 kgg(INGR, 2010)

3.6.4. Arsenic

STOEPPLER (1992) mentioned that major anthropogeaigces of arsenic are
related to the agriculture, forestry and manufaectur Another are mining, rendering
operations, coal and wood burning (STOEPPLER, 1992)
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The arsenic in different form can penetrate théssai the solid phase (tailings).
The process of chemical oxidation of the tailingghe reason of soil contamination. The
arsenic can be accumulated in polluted soils becaitsis only partially removed by
leaching, methylation, and erosion or it is sligittken up and accumulated by plants.
Different forms of arsenic observed in soils carclassified into two groups : organic and
inorganic compounds. Inorganic compounds have réiffewater solubility than organic
compounds thus they appear in soil with higherdesgy (AQUILAR et.al., 2007).

The level of arsenic, appeared in soils used ircaljure, does not cause a serious
environmental problem. However there could be ilial areas associated with deposits
of silver and gold and connected with elevated eatrations (KRALOVA et.al., 2010)

Pollution of water with arsenic is problematic. Ttwe main form of arsenic can
accumulate in organisms in case of high affinitypobteins, cell compounds and lipids
(ADRIANO, 2001).

For human is the major hazard drinking of contateidawater, inhalation and
ingestion Organs with the high accumulation efface gastrointestinal tract, liver,
kidney,skin and circulatory system (BRANDL, 2005).

3.7. Health prevention

After all findings and analyses, everything shduédcompared with hygienic limits
of selected heavy metals and there have to beetherement for safe consumption of
food. Following the results and limits, there shibobdt be found a value above the
hygienic limit.

Mercury is a contaminant, which limits the consuimpbf fish meat at the level of food
safety (MZ, 2010).

Hygienic limit allows the daily intake of heavy matt in all specific natural areas
(ANDREJI et.al., 2006), (CIBULKA,1991)

In 1998 HAN et.al. highlighted that extremely highlues of metals can lead to
serious problems with health or even to death.
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3.8. Methods suitable for analysis in biological materia

Monitored heavy metals had values, which were thioed on a wet weight basis
in mg/kg and compared with Legislation of EU, espc EC Directive 2001/22
(ANDREJI et.al., 2006).

The maximum of residue levels in food is regulabgdRegulation of European
Commission N01881/2006.

Regular and systematic monitoring is recommendablease of environmental and
public health aspects (DJEDJIBEGOVIC et. al., 2012)

Atomic absorption spectrometry (AAS) is one of thest widely used analytical
methods for trace element analysis. Allows to deitee up to 68 elements, all metal
and metalloids at low concentration (KOMAREK, 2000 ERNOHORSKY and
JANDERA, 1997).

Flame atomic absortion spectrometry (FAAS)
The oldest type of atomization is the atomizatiothie flame. The principle of this method
is to convert the solution in the aerosol mist Hreintroduction of aerosol into the

mixture of flame. The FAAS is most commonly usee filame of acetylene - air.

Due to this is possible to determine more thanl8ments CERNOHORSKY and
JANDERA, 1997).
Because the sensitivity of flame AAS is less thhat twould be sufficient to tackle
range of analytical problems (environmental analysanalysis of raw chemicals,
etc.) were searched new atomization technologies. @tion is to atomize the sample in
Electrothermal atomizer (ETA) CERNOHORSKY and JANDERA, 1997).
Currently in electrothermal atomizers are analyzéduid samples, or well
homogenized suspension, which can be dose in thee darm as in liquid one.
The volumes range from 5 to 100 due to the dependence on the type of atomizér an
dosed liquid. The main advantage of flameless aemnis the fact that the entire quantity
involved in the absorption of primary radiationidtattained much higher concentration of
free atoms in the gas phase at very low volume tomaer (KOMAREK, 2000),
(CERNOHORSKY and JANDERA, 1997).
Atomic emission spectrometry is based on registnatif photons, which were developed
by transition of valence electrons from huger epergtatus to lower.
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During the AES is measured radiation of emitted nmso or ions
in the excited status, which is created by the diémtion CERNOHORSKY and
JANDERA, 1997).

Inductively coupled plasma mass spectrometry is easiive method for
measurement of environmental pollution. This metisogsually used for quantification of
trace heavy metals such as Pb, As, Cd etc. (HOLAl e22009).

This method is characterised low detection limvtggler linear dynamic range,
simple spectral interpretation, less matrix, cajitgbiof simultaneous multielemental

measurement or spectral interferences (DJEDJIBE@QNkt. al., 2012).
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4. Materials and Methods

Monitoring of contaminants in food chain is reatlgcessary to do every year. Controlling
of contamination of food, feed and other materfals production and biomonitoring of
animals have to be done regularly. In fish havbaaone analyses for detection of heavy
metals and other pollutants, because they may daes@us diseases and there is a risk of
health problems for human. The European Commissiakes the protection of public
health by determination of hygienic limits a lot@éments. Also methods for samplings,
preparation of samples and analyses of heavy metafssh tissues are describes in
Directive 2001/22 of EC.

Fish tissue samplings were used for detection @$gmce of heavy metals in tissue
of fish, all samples were examinated with cooperatiwith State Veterinary
Administration of the Czech Republic (SVA CR), whesmre analyzed 4101 samples
(Common carp Qyprinus carpio) Trout and other freshwater fish) during last Hang.
All samples were collected in rivers and ponds fritta Czech Republic. Further was
taken the opportunity to compared selected elemémtzech fish samples with
Mongolian fish samples in sum of 20 samplingsdx lucius, Silurus glanis, Rutilus
rutilus, Perca fluviatilis etd. The quantitative content of individual heavy aletwas

collated in two groups of analyzed samples, froem@zech Republic and Mongolia.

4.1. Monitoring in the Czech Republic

Total sum of samples of tissue of fish (originditgm Czech rivers and ponds),
which were used for analyses, was 4101 samplirgspfs were divided into three main
groups: Common carp, trout and other freshwatdr. flsor detection of presence of
selected pollutants (lead, mercury, cadmium, acdewas used the database of State
Veterinary Administration of the Czech Republic, ie¢h monitored and analyzed
representative samples from the whole Czech Repatéry year, follow the legislation of
European Union (Regulation of European Commissiori881/2006). Relevant data were
extracted from annual report of last 10 years (2@W10) and their content was mainly
focused on contamination of foreign substancelerfaod chain and animal production.
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4.2. Monitoring in Mongolia

Collection of samples was performed in Mongolidediconditions from August to
October 2011 by my colleague Bc.@edSimonik. Samples were obtained at fish markets
or directly harvested in Mongolian rivers and lakesigin of samples was from Khuvsgul
area and Arkhangai (see Tab.1 and Fig.5). The mastient occurrence of heavy metals,
which are suitable for analyses are mainly in lieermuscle tissue of fish (BRANDL,
2005). Fish tissue samples were stored in samplestwith screw caps and fixed with

96% of ethanol.

Afterwards the samples were prepared for transportooperation with the
Mongolian Veterinary Services and delivered to fabary of State Veterinary Institute in

Prague- Lysolaje (SVI).

Tab.1 —Origin of Mongolian freshwater fish samples

Mongolian freshwater fish samples

sample Organ Region

1 Muscle Khuvsgul
2 Muscle Arkhangai
3 Liver Arkhangai
4 Liver Arkhangai
5 Muscle Arkhangai
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MONGOLIA P |

Fig.5 — The map of Mongolia with areas of the saapl

4.3. Preservation and storage of samples

Fish tissue samples (liver and muscle tissues) witight approximately 1-2 g
were placed into micro sampling tubes of 2 ml vatuand fixed with 96% ethanol (see
Fig.6) The volume of ethanol was ensured by usaldp@ted pipette in volume of 1 ml.
Closed and described micro sampling tubes wereegdrito sets and stored at room
temperature £20 °C. Their transport was approvedhbyMongolian Veterinary Services
in cooperation with the State Veterinary Institute Prague-Lysolaje in the Czech
Republic.

Fig.6-aro sampling tube with sample
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Fig.7- State Veterinary Institute in Prague

State Veterinary Institute is an organization dghbd by the Ministry of
Agriculture of the Czech Republic (see Fig.7). A & activities are done in SVI. It
performs health tests for animals (needed for dxpoimport), diagnosis of infectious
animal diseases (Avian Influenza, Bovine SpongifoEncephalopathy, Rabies and
Trichinella), analyses for determination of noneictious diseases, hematological and
biological tests, analyses of death animals (tdgmical tests), examination and
monitoring of food, food safety ( for import andpext), complex chemical analyses of
food; water and feed, bacteriological and chemaalyses of water and feed. Finally,

professionals provide training and educationahécss.

With both organizations in the Czech Republic amdiongolia works the Czech
University of Life sciences Prague, especiallyitng of Tropics and Subtropics, based on
long tradition (2007-2009 and following 2010-2012omolian projects). All analyses
were done under the professionals from departmérmhemistry, namely by Ing. Jan

Rosmus and technician Ing. Ivana Buhrova
4.4. Frequency of analyses

All analyses were performed with the assistanc@arhed specialists from SVI

Prague during the normal laboratory conditionsanqa of one month.
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Due to the different determination of heavy metatethods were non similar in
preparation and detection of elements. Some armlysee done together (determination of
lead, cadmium and arsenic) or individually (deteration of mercury). Results from
analyses were reported in laboratory protocols taides, then were compared with
standards according to Regulation of European Casion No. 1881/2006, to made a
decision whether are suitable or non suitable sitict hygienic limits.

For detection of cadmium, lead and mercury is numshmon used method of
Atomic Absorption Spectrometry (AAS), but also nadiof Inductively Coupled Plasma-
Mass Spectrometry (ICP-MS), which were done in epafion with technician Ing. Ivana
Buhrova from laboratory of chemistry in SVI Pragudl instruments and methods are
certified to ensure the quality and accuracy otiltes They also have valid accreditation
(see App.1) and all outputs were on high leveliafjdosis and treatment also required by

legislation of EU.

4.5. Laboratory methods

Detection of concentration of selected elements deage according to standard
operation technique, which has been establishe8taie Veterinary Institute (SVI) in
Prague- Lysolaje.

For sample treatment was used concentrated nittid 8,4% HNQ),
suprapure, hydrogen peroxide »(B3) demineralized water ( without all ion soluble
matters and silicon).

Microwave digestion of examined tissue was procegedquipment ETHOS
PLUS from MILESTONE company. For determination ety metal presence (Pb, Cd,
Hg, As) was used Inductively Coupled Plasma- Mgssc8ometry (ICP-MS) method,
which was performed on ICP-MS device from Austral@mpany VARIAN. Control
measurement was done by atomic absorb spectro@BtECTRA AA 220Z also from
VARIAN company. Determination of mercury took placeequipment atomic mercury
analyzer (AMA 254), ALTEC producer.

As standard reference materials (SRM) for our asislwere used products of
National Institute of Standards and Technology,t@ytssue — SRM NIST 1566b and
Bovine liver — SRM NIST 1577c.
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Due to fixation of samples with 96% ethanol, befanerowave digestion all
preservative matter has to be evaporated. Mixepleamas inserted to mineralization
vessel and left in laboratory temperature at |8asdys. After it our samples were put in
to microwave device for process of sample mineatilin (see Fig.8)

4.5.1. Mineralization by microwave device

This procedure is used to elimination of organictenials from sample by
oxidation and then transformation of analyte tarfasf inorganic solution. Microwave
digestion performed in high pressure teflon vesselich were properly washed and
treated with diluted nitric acid.

Fig.8- Microwave device in laboratory
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Fig.9- Sales ready for analyses

4.5.2. Methodological procedure

Mixed sample composed from 2-3 partial samplesrgetiene separately liver
and muscle), in weight from 1-3 g was placed imfonh vessels. Afterwards 4 ml of
concentrated nitric acid were added. After 30 nesutere added 2 ml of concentrated
hydrogen peroxide (30%). Mixture was covered by, ¢efp for at least 1 hour to react,
applicated into the plastic segment and closed bmemt key. This way adjusted sample
was put in to the microwave device for 20 minuteésnsequently cooled down vessels
mineralizate was quantitatively transformed by deralized water to volumetric flask.

Adjusted sample was prepared to sequential anglysis Fig.9)

4.5.3. Measurement of heavy metals

For content identification lead, cadmium, arseniaswused method which
combined inductively coupled plasma and mass speetry (ICP-MS), using by
isotopes PH’, Cd*, As™,

Before measurement was reduced content of nitrid @&y dilution with
demineralized water, in case of possibility of dgm# ICP-MS device. Samples were
applied to small vials, which were put in to camlu®f autosampler and then
automatically evaluated. Control measurement wasomeed by device SPETRAA

220Z, due to the elimination of errors.
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Before determination of mercury concentration, tieenoval of nitric acid
overspill was not recommended because of potdosaks of quantified element, hence
dilution of mineralizate was done. The measurenoémbercury was proceed by atomic
absorb spectrometer (AMA 254). Quantity of 200 filsample was put on weighing
boat, which was inserted to AMA 254 and there wasn@e dried, thermal
decomposition in oxygen flow and consequently deiacand measuring of mercury
concentration. (see Fig 10 +Fig. 11)

/ i

Fig.11-The ICP-MS device
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5. Results

All results were compared with Regulation of EurmpeCommission No.

1881/2006, which have to follow all member state€woropean Union. For all hygienic

limits was used this Regulation (Cd, Pb, Hg). hst hygienic limit for arsenic is not

detected by this Regulation, so in this case wasd usygien
Veterinary Administration.

ic limit of Czech State
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5.1. Common carp in Czech Republic (2000-2010)

Analyzed samples of Common cai@yprinus carpio),from muscle tissue origin,

contained the selected elements (cadmium, lead;umgrarsenic), which were almost in

all cases at low hygienic limits. During the lash tyears was total sum of samples 2538
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samplings. Just 9 samples were over the hygiemit éistablished by European Union (see
tab.2). For example finding of lead in two sampless thirteen times higher than the
hygienic limit of EU, detection limit of lead is @00 mg/kg. Similarly in 2004 the finding
of mercury in muscle tissue of carp even three sitmgher than hygienic limit of EU for
this element. The Arsenic detection was two timegva limit, which was set by State
Veterinary Administration of the Czech Republicciese EU still did not set the hygienic
limit for the finding of this element in musclegise of fish (see Tab.4, Fig.13,14,15,16)

Tab.2- Values of As and Cd in tissues of Commop ¢@yprinus carpio)n 2000-

2010
ARZEMIC in Common Carp

YEAR HL M of zamples | Increased value [ Ower the HL MAX. value
2000 | 1,000 modkg BB 0 0
2001 | 1,000 moiky 102 1 ]
2002 | 1,000 mofky o4 0 0
2003 | 1,000 mofkg 95 0 0
2004 | 1,000 mokg 95 ] ]
2005 | 1,000 mok g3 ] 1 1,3 make
2006 | 1,000 moik 17 0 0
2007 | 1,000 mokg 19 0 0
2005 | 1,000 mokg 17 ] 2 231-24 makg
2009 | 1,000 mok 15 ] ]
2010 | 1,000 moiky 13 ] ]

I B0 1 3

CADMIUM in Common Carp

YEAR HL M of zamples | Increased value [ Ower the HL &R, value
2000 | 0100 mokg =] ] ]
2001 | 0,100 mok 102 3 ]
2002 | 0100 moks 24 0 0
2003 | 0,050 modkg 95 1 0
2004 | 0,050 mokg 95 4 1 0,083 moky
2005 | 0,050 moiko a7 7 1 0,075 mok
2008 | 0,050 mofkg 17 0 0
2007 | 0,050 modkg 19 0 0
2005 | 0,050 mokg 18 0 0
2009 | 0,050 motkg 20 0 0
2010 | 0,050 mokg 15 0 0

T B3 15 2

-37-



Tab.3- Values of Hg and Pb in tissues of Commop (@yprinus carpio)in 2000-
2010

MERCLRY in Common Carp
YEAR HL M of samples| Increased value |Cverthe HL| MAX. value

2000 | 0,500 mg/kg 50 0 0
2001 | 0,500 mg/kg 115 4 0
2002 | 0,100 mk/kg 94 0 1 0,113 mglkg
2003 | 0,100 mg/kg 96 E 0
2004 | 0,100 mg/kg 95 14 1 0,449 mglkg
2005 | 0,500 mg/kg 87 0 0
2006 | 0,500 mg/kg 17 0 0
2007 | 0,500 mg/kg 19 0 0
2008 | 0,500 mg/kg 29 0 0
2009 | 0,800 mg/kg 33 0 0
2010 | 0,500 mg/kg 27 0 0
5 672 36 7

LEAD in Common Carp
YEAR HL M of samples| Increased value | Over the HL[ MAX. value

2000 | 0,500 mg/kg 50 0 0
2001 | 0,500 mg/kg 102 0 0
2002 | 0,500 mg/kg o4 0 0
2003 | 0,200 mg/kg 96 g 0
2004 | 0,200 mg/kg 95 5 0
2005 | 0,200 mg/kg 87 2 0
2006 | 0,200 mg/kg 17 0 0
2007 | 0,200 mg/kg 19 0 0
2008 | 0,300 mg/kg 18 0 7 3.64.01 mg/kg
2009 | 0,300 mg/kg 20 0 0
2010 | 0,300 mg/kg 15 0 0
5 623 16 7
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MERCURY in Common Carp
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5.2. Trout in Czech Republic (2000-2010)

The situation in species of trout during the maomitp of heavy metals in
conditions of the Czech Republic was much favow.aBetween the years of 2000 to 2010
were all selected chemical elements (Cd, Hg, PD, uksler or right at the barrier of
hygienic limits. Excess finding were detected insala tissue samples of trout. The

presence of 4 selected elements, from all 485 sssngfl trout muscle tissues, was with
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positively detected in 13 samples during last teary and were over set parameters (see
tab.4+5).The highest value of arsenic was 3,6 gigfiowever the limit in the Czech
Republic is set for 1,0 mg/kg. This means, that thgienic limit was exceed

approximately about 300%.(See Fig.17)

Tab. 4- Values of As and Cd in tissues of Trol2d0-2010

ARSEMIC in Trout
YEAR HL M of zamples [Increazed value [Owver the HL b, value
2000 (1,000 meskg 18 4 1]
2001 (1,000 mosky i3 11 1 1,157 moko
2002 (1,000 mosky 20 v 1]
2003 (1,000 moky 15 2 3 11101 180 moikg
2004 (1,000 moky 16 7 5 1,270-3 600 mokg
2005 (1,000 moky 13 4 4 1,09-2 35 moky
2006 (1,000 motky 3 3 1]
2007 (1,000 motky 3 0 i]
2008 (1,000 moky 4 2 1]
2009 (1,000 moky 2 ] 1]
2010 (1,000 moky 1 1 i]
I 126 41 13
CADMILUR in Trout
YEAR HL M of zamples (Increaszed value [Owver the HL fAL . value
2000 (0100 molky 18 ] i]
2001 (0100 mogtky 16 ] 1]
2002 (0,100 mosky 20 ] 1]
2003 (0,050 mosky 15 1 1]
2004 (0,050 mosky 16 ] 1]
2005 (0,050 moky 15 ] i]
2006 (0,050 mosky 3 ] 1]
2007 (0,050 mosky 4 ] 1]
2005 (0,050 moky 4 ] i]
2009 (0,050 molky 2 ] i]
2010 [0,050 mogkgy 1 ] 1]
x 114 1 1]

Tab.5- Values of Hg and Pb in tissues of Trout0A@2010
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MERCURY in Trout
YEAR HL M of samples Increased over the AN value
value HL
2000 | 0,500 moikg 18 0 0
2001 | 0,500 moikg 31 0 0
2002 | 0,500 moikg 20 0 0
2003 | 0,500 moikg 15 0 0
2004 10,100 moikg 16 0 0
2005 | 0,500 moikg 15 0 0
2006 | 0,500 moikg 3 0 0
2007 | 0,500 moikg 4 0 0
2005 | 0,500 moikg g 0 0
2009 | 0,500 mokg = 0 0
2010 | 0,500 moskg [5 ] ]
¥ 142 ] ]
LEAD in Trout
YWEAR HL M of samples Increased over the M2 value
value HL
2000 | 0,500 mokg 18 o o
2001 | 0,500 mokg 5 o o
2002 10,500 mokg 20 o o
20035 | 0,200 mokg 15 o o
2004 0,200 mokg 16 o o
2005 | 0,200 mokg 15 1 o
2006 | 0,200 mokg 3 o o
2007 | 0,200 mokg q o o
2005 | 0,300 mokg 4 o o
2009 | 0,300 mokg 2 o o
2010 (0,300 mokg 1 o o
¥ 103 1 o

5.3. Freshwater fish in Czech Republic (2000- 2010)

Monitoring of heavy metals was settled also in ofheshwater fish. Also the main
detected elements in animal tissues were cadmitseni&, lead and mercury. Total sum of
analyzed samples was 1078 during last ten yeassti\Rocases were recorded in arsenic
and mercury, when in both elements was find ouettezed limit in 13 samples. Values of
arsenic were slightly over the hygienic limit (Seeb8+9.) On the other hand the values of

mercury were extremely over the hygienic limit, 2003 was the maximum value of

samples 0,585 mg/kg (hygienic limit for this yeaasn,100 mg/kg in CR).
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5.4. Freshwater fish in Mongolia (August 2011- October @11)

Mongolian fish tissue sample&gox lucius, Silurus glanis, Rutilus rutilus, Perca
fluviatilis etc) were obtained from liver and muscle. Increasedesover the hygienic
limit were detected in cadmium and mercury (see8jabin samples from Arkhangai area
was the value of cadmium from 0,12 mg/kg to 0,19kmgn muscle and liver tissue.
Positive finding were in 3 samples and the limit éadmium was 0,050 mg/kg. Similarly
the content of mercury was 0,880 mg/kg, howevehtwenic limit due to the Regulation
of EU was set as 0,500 mg/kg. This sample had tiggnoalso in Arkhangai, when the
analyzed part of fish was from liver tissue (sde3p Analyses of heavy metals in fish
tissues were done according to EU methodology andcertified laboratories on
department of the State Veterinary Institute ingBea Lysolaje. In other elements (As and
Pb) the limits were not exceeded.(see Tab.6,7/&]%&. 18,19,20).
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Tab. 6- Detail of analyses of all Mongolian samples

ARZEMNIC in Mongolia Fizh
HL Walue
1 0,11 makyg
2 0,08 makg
3 0,08 mgky
4 0,05 mgky
5 0,19 maky
CADMIUM in Mongalia Fish
HL Yalue
1 0,050 mokog 0,003 makg
2 0,050 mokg =0,005 makg
3 0,020 mokg 012 miky
4 0,050 moky 0,19 maky
5 0,050 moky 0,150 mogft
MERCUREY in Mongalia Fish
HL Yalue
1 0500 moky 0,043 mofk
2 0,500 moko 0,261 mako
3 0,500 mokog 0,030 makg
4 0,500 mokog 0,530 mako
3 0500 moky 0,247 motko
LEAD in Mongalia Fish
HL Yalle
1 0,300 moky 0,09 mgky
2 0,300 moky =005 mgkg
K| 0,300 moky 0,13 makg
4 0,300 meko =0,05 moko
5] 0,300 moko 0,06 miho
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Tab.7- Hygienic limits by EU

Element HL by ELI
Cadmium 0,050 maky
Mercury 0,500 moky
Lead 0,300 makd
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Tab. 8- Values of As and Cd in tissues of othesHweater fish in CR (2000-2010)

and MNG (2011)

SRSEMIC in ather frestwster fish (CR)

YEAR HL M of zamples |Increased value [ Over the HL MAX valie
2000 | 1,000 megky 106 4 1 1,280 mipkgy
2001 | 1,000 maky 23 o n
2002 1 1,000 maky Ba o 1 1,440 mipiky
2003 | 1,000 maky 32 g 1 1,270 mipkg
2004 | 1,000 maky 21 o 1 1,540 mipkgy
2005 | 1,000 maky a o n
2006 | 1,000 maky 2 1 n
2007 | 1,000 megky 2 o 1]
2008 | 1,000 maky 1 o n
2009 | 1,000 maky 1 o 1]
2010 | 1,000 maky 1 1 n
T 262 13 4
ARSENIC in ather frestwater fish (MG
2011 a o n
T 5 o 1]
CADMIUM in ather freshwater fish (CR)
YEAR HL M of samples |Increased value | Over the HL ML, value
2000 | 0,100 maky 106 o n
2001 | 0,100 maky 23 1 1]
2002 1 0,100 maky B3 o n
2003 | 0,050 maky 32 1 n
2004 | 0,050 mogky 21 i 1]
2005 | 0,050 maky G o n
2006 | 0,050 moky a o 1]
2007 | 0,050 maky 2 o n
2005 | 0,050 maky 1 o 1]
2009 | 0,050 maky 1 o n
2010 | 0,050 maky 1 o n
T 265 3 n
CADMIUM in ather freshwater fish (MNG]
2011 | 0,050 mogky ] o K] 012-0,19 moky
T a o 3
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Tab.9- Values of Hg and Pb in tissues of otherhingger fish in CR (2000-2010)

and MNG (2011)

MERCLURY in other freshwater fizh (CR)

YEAR HL M of zamples|  Increazed  |[Ower the HL ML, value
value
2000 1 0,500 mokd 106 0 0
2001 | 0,500 mokd 31 1 1 0,569 mokd
2002 1 0,100 mokg 3 0 4 0,163- 0,266 mofky
2003 1 0,100 mokg 32 0 2 0,1265-0,585 mokd
2004 1 0,100 mokg 21 v 2 0,208-0,361 mofky
2005 | 0,500 mokd B 0 0
2008 | 0,500 moky 5 1 ]
2007 | 0,500 mokd 2 0 0
2005 | 0,500 mokd 1 0 0
2009 | 0,500 mokd 2 0 0
2010 0,500 mokg 1 0 0
T 280 9 9
MERCURY in other freshaater fish (MBG)
2011 | 0,500 mokg o 0 1 0,580 moky
¥ 5 ] 1
LEAD in other freshwvater fish (CR)
YEAR HL M of zamples|  Increased  |Owver the HL hLx. value
value
2000 1 0,500 mokd 106 0 0
2001 | 0,500 mokg 25 0 0
2002 1 0,500 mokg G 0 0
2003 | 0,200 mokg 32 0 0
2004 1 0,400 mokg 21 0 0
2005 | 0,200 mokg B 1 0
2008 | 0,200 mokg o 0 0
2007 | 0,200 moky 2 ] ]
2005 | 0,300 mokg 1 0 0
2009 | 0,300 mokd 1 0 0
2010 ) 0,300 mokg 1 0 0
T 268 1 0
LEAD in ather freshweater fizh (MRIG]
2011 | 0,300 mokg o 0 0
> o 0 0
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ARSENICin Troutin CR

mg/kg
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Fig.17- Maximum value of Arsenic in Trout in CR

ARSENIC in other freshwater fish
(CR+MNG)
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Fig.18- Maximum value of Arsenic in other freshwdtsh (CR+MNG)
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CADMIUM in other freshwater fish
(CR+MNG)

mg/kg

0,2 | 0,2
0,15
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Fig.19- Maximum value of Cadmium in other freshwdigh (CR+MNG)
MERCURY in other freshwater fish (CR+
MNG)
mg/kg
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Fig.20- Maximum value of Mercury in other freshwdish (CR+MNG)
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6. Discussions

Fish and fish products reach higher popularity, tutheir good nutritional value.
LAURETTI (1998) and INGR (2010) agree with the imjamce of good quality and safety
of fish and fish products. Therefore the monitoriafy contaminants should be not
underestimated. This was confirmed in our analysigre the periodical monitoring in the
Czech Republic showed decreasing values of heavglsrnend excess findings were rare.
The control of contaminants should be realized igam areas, where the possibility of
pollution of watercourses and pastures is incredsethdustrial development, coal and
gold mining and mining of other metals. The limdse determined by regulation of
European Commission No. 1881/ 2006. Although thet$ are not defined for arsenic but
it could be possible to work with the standard ¢dit& Veterinary Institute in Prague —

Lysolaje, which is valid from an earlier period the Czech Republic.

CIBULKA (1991) noticed that the most dangerous coomd of mercury is
methylmercury. Found mercury levels, with the bakenethylmercury, are several times
higher than the permitted limit, which is 0.500 kygg/according to EU. In 2003 and 2004
were in the Czech Republic high findings of mercuryish, especially in trout and other
freshwater fish. Decreased amount above permitted tould be caused by extensive
flooding in the Czech Republic in 2002 (annual rémd Ministry of Agriculture, 2002,
and 2003).

BRANDL (2005) mentioned that occurrence of heavy taise in higher
concentrations is more visible in organs, suchvas &nd kidneys, than in muscle tissue of
live organisms. It was also confirmed in our resbarhere the mercury concentration in
fish liver tissue, form Arkhangai area, achieved talue of 0.880 mg / kg. On the other
muscle tissue reached the maximum value of 0.261 kgg Finding of mercury, in levels
above limits, came from the Mongolian area, whexig gnining is placed. This mining is
usually illegal and so the big amount of mercurygieates to environment due to this
illegal process. Thus the suggested hypothesis amafirmed according to analysis of
mercury determination using Atomic Absorption Spatetry.

For arsenic none hygienic limits are determinedegulation of European Union.

But in databases of State Veterinary Administraiiorthe Czech Republic is notice the
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value for arsenic, which is 1.000mg/kg. The leva#lsrsenic of some areas in the Czech
Republic exceed the values determined by hygiemitd. The reason may be that arsenic
it he compound of sediment and so it is dislodgeding leaching into water.
Consequently the water is contaminated by thisgg®@nd also presented organisms. The
similar situation was monitored in Nepal (Bangldgesvhere the arsenic is the compound
of earth ground and it is dislodged into groundwadering the well drilling. The
consequent circulating of arsenic is caused byneatele, which should be connected with
huge floods in the Czech Republic in 2002. So tigh ksontents of arsenic and mercury
were extremely over the hygienic limits. It coule thhe reason of high values. Arsenic and
mercury are naturally in soils and in the watenveéeer the movement during the floods
were huge. Afterwards fish and other animals ,wlaidhliving in the water or olive in the
pasture near it. In these animals was high comksélected animals. (Annual reports of
SVA of CR from 2003 and 2004)

Results of our study correspond with mean conténCa in muscle tissue of

examine d fish was below the maximum available l&C,2006).

Also results of mercury was similar to other stsdie]lEZIESKA and WITESKA,
2001), (EC, 2006).

Positive findings of arsenic in the Czech Repuldame from area around

Hodonin, where the wells for extraction of natas are widespread.

The occurrence of high concentration of lead inmaaitissue usually dos not
exceed the hygienic limits. But when it will happ@e contents are very high. Justification
based on a study of ( CIBULKA, 1991) (ADRIANO, 2Q0ith which 1 fully agree,
determined the high concentrations of lead duetdousage in motor vehicles. In the
European Union the usage of leaded petrol is pit@tib The positive samples available
from the Czech Republic came from areas where thgtewater treatment plants were

located near rivers and pounds.

The higher concentrations of selected heavy metale confirmed in freshwater
fish from rivers. FIRAT et.al.,(2011) mentioned tthamaller fish contain lower
concentrations of all elements than the bigger ateg fish. The higher accumulation of
components in liver, kidneys and muscle of biggedptory fish is caused by longer life.
The cycle continues in bigger mammals, becauségheare part of food chain.
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7. Conclusions

The attention of specialist and laic communitydsused on evaluation of nuisance
effect of heavy metals on environment. The heavialmere natural compounds of soils
and minerals and they are represented in low cdrat@ms. Thus they don’t have harmful
effect on health of fauna and flora. But on theeothiand contamination of soils by heavy
metals increases due to growing human activity inimg, refining of ores, wastewater
treatment, establishment of landfills especialljthwhazardous wastes, combustion of
leaded fuel and in many other industrial procedusdk of these processes can cause
higher occurrence of heavy metals incoming to emwitent. Therefore these activities
should be realized in reasonable level, becaussheérvance of hygienic limits in given
elements. Together with this fact is necessarpt¢cease the cognizance about health risks
and impacts of heavy metals on animals (on pasacein wildlife), plants and water

resources.

The first hypothesis was confirmed, due to theltesaf mercury (Arkhangai area:
Pb=0,880mg/kg), which was above the hygienic lifioit this element. However the
Arkhangai area in not the major one of illegal mgiof gold in Mongolia, the positive

sample was found in liver tissue of freshwater.fish

Secondly, this hypothesis was also confirmed, bexdlie most positive samples(
17 samplings from whole analyses) for all seletteavy metals, was detected in group of
freshwater fish from the Czech Republic and Morayolihe group of trout in the Czech

Republic was almost whole negative, just few pesifamples on arsenic were found.

Among the biggest hazards belong determinatioreaf/f metals in live organisms
and their tissues, which are used for consump@ame animals, livestock, fish) and the
last consumer is human. The majority of componentgxic in high concentration and can

cause serious diseases.

The monitoring of extraneous substances and heatglsnin periodic intervals is
realized due to legislative regulation determingdttee European Union and thereby the
Czech Republic. The determined limits should besfatl by member states in reason of

globalization of food trade. Due to periodic obsgion could be realized the goal-directed
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monitoring of regions in the Czech Republic, whare the limits exceeded repetitively.
The publishing of critical areas is an effectivetpction and prevention of animal and
human health. The administration procedure can repgunded in case of repeating

pollution and infringement of laws and regulatialetermined by the European Union.

In the Czech Republic concentrations of selectemvanetals (Cd, As, Hg) in
freshwater fish were above hygienic limits. Theuesl of Pb did not pass the permitted

regulation determined by EU.

There is a consideration of implementation the degjve regulations and
harmonization on requirements of EU in Mongoliamuelto cooperation with the Czech
Republic and member states the laboratory analgses determining criteria are

implemented.

In Mongolian conditions, they are thinking of indikection of legislative measures
and the harmonization of the conditions of the Eld through mutual cooperation with the
CR and EU member States are gradually introdu@hbgritory analysis and some criteria
are established. The reason is that in Mongolia éilbout 42-50 million of cattle and huge
amount of fish are in their rivers. So the Mongolfarmers and producers want to export

they product to EU countries.

Exceeding the hygienic limits of elements (Pb ang) kh fish production was
significant. This is the fact, which should makee ttrade with Mongolian products

impossible.
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List of the Contractions Used in this Thesis

AAS = Atomic absorption spectrometry

ADI= Acceptable daily intake

AES = Atomic emission spectrometry

AMA =Atomic mercury analyzer

As=Arsenic

Bc= bachelor

Cd= Cadmium

CR= Czech Republic

CULS = Czech University of Life Science
DDT= dichlorodiphenyltrichloroethane

EC= European Commission

ETA AAS = Electrothermal atomization atomic absmptspectrometry
ETA= Electrothermal atomizer

Etc.=Etcetera

EU=European Union

FAAS = Flame atomic absorption spectrometry
Fig. = figure

Hg= Mercury

HL= Hygienic limit

ICP-MS = Inductively coupled plasma mass specttome
ITIS= Integrated taxonomic information system

MAX= Maximum

-59 -



MNG = Mongolia

N= number

NIST= National Institute of Standards and Technglog
Pb=Lead

PCBs= polychlorinated biphenyls

pp. = pages

SRM= Standard reference material

SVA= State Veterinary Administration

SVI = State Veterinary Institute

Tab. = table

WHO = World Health Organisation
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APPENDIX 1

Accreditation of laboratory in State Veterinarytlhge in Prague

MARCIN AKRECTTACH CRGAN

Crech Accreditation Institute
_ Public Service Company
11000 Praha | =‘Hh'-_'.é Mesta, Opletalova 41

issues this
CERTIFICATE OF ACCREDITATION

No, 186 -‘m'i
I
Testing Labaratory No. 1176.1

Stitni veterinirni istay Praha
. Oddflenichemie
Sidlifini 136/24, 16503 Praha 6

Scope of accreditation:
ﬂmﬂmluﬂphpledmpfmasmhlﬁ,mmthk, biological material, animal Mngsnufﬁmdmw
mmumuﬁudmmwmmﬂﬁscmlﬁcm
ing. Jan Rosmus shall act on behalf of the nccredited testing lnboratary, and Ing. Jan Rosmus, Ing. Jaroslav Schesta
nnd Ing. Hana Rolencovd shall be responsible for the correctness of relevant test roeports.

Thid Centificate of Accredatation has Bees kued by Caech Accreditaiion Initstute, Publis: Service Company, on the hesis of sioamend
dﬂmﬂhm hmﬂh

CSN EN ISO/EC 17025
ummﬂmmm”uimummm lhdhdw-lhhpnduﬂwhhhmmnrhmﬂ
lr.ﬂ:lhﬂln.pﬂmmmthuﬁwﬂhlhcwﬂﬂrvﬂhﬁrﬂﬁlihﬂﬁmﬂtﬁhHmnﬁmlﬂmhnﬂwhum

idemtificabion “Accredited Testing  Labormory Mo IIT&.:‘memu;mdndm' pmﬂ-‘llntunqﬂmlwﬂ
mmwuwmmﬂwﬁmﬂuﬂlum mmrmmmmwmnmmﬂmmm

Sheubd 0 e proved theat ihe holder of this Centificate fals to pecd the: sccredilalion atcein deviuive: for the issue herool md ihe obligations
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