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Streszczenie. Rte¢ jest pierwiastkiem, ktéry wystepujgc w Srodowisku w duzym stezeniu,
przekraczajgcym normy, moze stanowi¢ powazne zagrozenie dla zdrowia oraz zycia zwierzat
i ludzi. U cztowieka zatrucie rteciag moze prowadzi¢ do m.in. uszkodzenia centralnego uktadu
nerwowego, zaburzen uktadu odpornosciowego, uszkodzenia nerek, wypadania wiosow oraz
Smierci. Rte¢, oprocz oddziatywania na zdrowie publiczne, wptywa réwniez na zwierzeta,
wywotujac u zwierzat gospodarskich i townych objawy moggce prowadzi¢ do obnizenia ptodnosci,
waloréw produkcyjnych, a nawet smierci. Ze wzgledu na mozliwos¢ bioakumulacji i bio-
magnifikacji w tancuchu troficznym stanowi powazne i globalne zagrozenie dla srodowiska
naturalnego. Aktualnie gtdwnym zrodtem narazenia cztowieka oraz zwierzat na jej dziatanie jest
spozywanie zanieczyszczonej zywnosci oraz wody. Z tego powodu dopuszczalny poziom rteci
w miesie oraz narzadach zwierzat uregulowany jest przepisami krajowymi oraz miedzyna-
rodowymi. Celem niniejszej pracy bylo okreslenie mozliwego ryzyka higieniczno-toksykolo-
gicznego zwigzanego z akumulacjg rteci w miesie i narzagdach zwierzat hodowlanych oraz dzikich
w Polsce. Wyniki niektérych badan nad zawartoScig rteci w miesie i watrobie zwierzat
gospodarskich i dzikich wykazaty, ze na poziom akumulacji tego pierwiastka w organizmie wptyw
maja: gatunek zwierzecia, jego wiek, sSrodowisko zycia oraz dieta. Z przeprowadzonych w Polsce
w ciggu ostatnich 10 lat badan wynika, ze rte¢ w tkankach zwierzat wystepowata w matych
ilosciach, a przekroczenie jej dopuszczalnego poziomu byto sporadyczne.
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INTRODUCTION

Mercury (Hg, lat. hydrargyrum), also known as quicksilver, is a d-block chemical element
(transition metal) and is the only metal that maintains liquid state in 20°C. The Latin name
"hydrargyros" was borrowed from Greek and means liquid silver.

Mercury is located in the 12th group of the periodic table (formerly IIB), its atomic number
is 80, standard atomic weight is 200.592 g - mol~" and density (in room temperature) is
13.54 g - cm=. Mercury forms chemical compounds in two oxidation states: +| and +lII.
Mercury's melting temperature is —38.7284°C, while its boiling temperature is 357°C. There
are 7 stable isotopes of Mercury, the most common being 2°Hg (29.86%).
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Mercury's natural emission sources are: volcanic eruptions, hydrothermal vents, weathering
and erosion of mercury minerals, evaporation from land and water surface (Gworek and
Ratenska 2009). Mercury forms numerous minerals, such as cinnabar and calomel, and can
also be found in pure, native form. Pseudomonas mercury-resistant bacteria strains have the
capacity to volatilize inorganic and organic mercury to elemental mercury (Pepi et al. 2011).
Despite the fact that most mercury emissions occur naturally, it is the localized anthropogenic
sources and locally increased concentrations of this element that cause the most concern and
create significant risk for health and life of organisms. Primary anthropogenic sources of
mercury are: energy and metal industry, metal smelting, fertilizer and pesticide production and
combustion of communal waste. Combustion of fossil fuels is the largest contributor. Mercury
is also released to atmosphere from waste batteries and lamps (Gworek and Rateriska 2009).
According to Statistics Poland (GUS) total mercury emission for Poland in 2015 was 10.6 tons
(Ochrona $rodowiska 2017). Atmospheric mercury concentration depends on many factors:
temperature, volatility of mercury compounds, area size and type (for example: sea,
agricultural, forest or urban areas), with a tendency for higher concentration in industrialized
areas. Mercury concentration in areas with developed chemical industry usually averages
between 60 and 1000 ng - m~3, while around coal power plants between 200 and 1700 ng - m=.

Natural average concentration of mercury in seas and oceans is 0.005 ug - I", while for
fresh water bodies it is approx. 0.010 ug - I-'. Soils contain approx. 0.05-0.3 mg - kg™ of this
element (Kabata-Pendias 1999).

The aim of this study was to establish possible hygine and toxicologic risks related to
mercury accumulation in meat and organs of farm and game animals accuired in Poland.

MERCURY’S EFFECT ON ORGANISM

There is no known role of mercury in living organisms and it is considered highly toxic in all
forms. There are three paths for mercury to enter the body: through the digestive system,
through inhalation and through skin. Mercury pollution is commonplace due to the variety of its
compounds and its high environmental mobility. How toxic is mercury, or its compounds,
depends on such factors as: chemical form, intake pathway, dosage and exposure time
(Les$niewska et al. 2009). Methylmercury compounds are the most dangerous ones to humans,
since they cause central nervous system damage.

Mercury has great affinity for tiole groups, hence its damaging impact of cell membrane
(Chmielnicka 1994). By inhibiting microtubule assembly, Hg destroys the cells cytoskeletal
structures. Disruption of microtubule assembly is especially damaging in the nervous system
cells and can cause significant development disorders. Methylmercury (MeHg) is a strong
neurotoxin, capable of biomagnification in following links of the food chain, especially in the
aquatic environment. The concentration of MeHg in the tissues of fish, aquatic birds and
mammals can be up to 100 000 times higher than in the surrounding water (Lesniewska et al.
2009). MeHg is mostly demethylated in liver and kidneys, however the efficiency of this process
in these organs is between 10 to 70%. The damage done to the central nervous system of
adults by MeHg takes the form of focal lesions, causing: neurodegeneration, damage to
parietal and temporal lobe, damage and degeneration of sensory neurons in children it
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damages cortical and subcortical encephalon and cerebellum nuclear layer (Stanistawczyk
2016). By inducing antibodies against organisms own proteins, mercury displays toxic effect
on the immune system. The Me induced autoimmune response causes glomerulopathy —
disease of glomerulus leading to renal damage and failure (Hultman and Hansson-Georgiadis
1999). Other toxic effects of Me include: acute bronchitis and pneumonia, circulatory collapse —
often leading to death (Langauer-Lewowicka and Zajgc-Nedza 1997). Acrodynia, also known
as Selter's disease, is a mercury poisoning syndrome most common in children, occasionally
occurring in adults chronically exposed to the element in their work environment (Sapota and
Skrzypinska-Gawrysiak 2010). The disease has several characteristic symptoms, including:
pain in hands and feet, desquamation, hair loss, irritation, photophobia, conjunctivitis, cardiac
arrhythmia, insomnia, anorexia, hypersalivation and hypotonia (muscle weakness) (Sapota
and Skrzypinska-Gawrysiak 2010).

Chronic exposure to Hg salts and fumes can lead to: convulsions, stomatitis, loss of teeth,
gums discoloration, diarrhea, debilitation, headaches, kidney damage, neural damage
(Langauer-Lewowicka and Zajgc-Nedza 1997). Neurotoxic properties of mercury have been
widely described and documented (Heinz 1979; Heinz and Hoffman 1998; Whitney and Cristol
2017). The effect this element has on birds and mammals is similar, with such symptoms as:
debilitation, central nervous system disorders (impaired coordination, behavior disorders)
(Heinz 1979). Mercury poisoning can be a direct or indirect cause of death in birds, decreasing
their ability to acquire food and avoid predators. Chronic mercury poisoning in birds can lead
to: lower birthrates, lower production qualities (egg laying, embryogenesis, lower hatching
rates) (Heinz 1974; Heinz and Hoffman 1998; Whitney and Cristol 2017).

MERCURY ACCUMULATION LEVEL IN MEAT

Contaminated fodder and water are the main sources of mercury in animal products (Zarski
et al. 1994). Maximum levels of mercury in foodstuffs in UE are regulated by appropriate
Rozporzadzenie Komisji (WE) nr 1881/2006, nr 420/2011, nr 629/2008 and food safety
procedures in member states, necessary for compliance with EC, are regulated by national
law acts (for Poland — DzU 2006, nr 171, poz. 1225). However, Rozporzadzenie Komisji (WE)
nr 1881/2006 z dnia 19 grudnia 2006 r. does not specify acceptable levels of mercury in
mammal meat, poultry and giblets. This situation led to the Poland's Chief Veterinarian's
decision to interpret mercury levels in animal tissues using the national program of chemical
contamination in animal foodstuffs as a standard. The aforementioned program allows
maximum level of mercury of 0.02 mg - kg™ fresh weight in mammal meat and poultry, 0.05
mg - kg™' f.w. in livers and 0.50 mg - kg™ f.w. in fish.

Studies by various authors, on mercury accumulation in farm and wild animal tissues differ
in results (Table 1). The differences may come from varied pollution levels in animals
environment, consumed food, trophic level and age of studied animals. (Stezycka et al. 2005;
Rudy et al. 2007; Bombik 2010; Duma et al. 2012; tuczynska et al. 2016).
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Table 1.Content of mercury in selected animal products [mg - kg~ fresh weight]
Tabela 1. Zawartos¢ rteci w wybranych produktach zwierzecych [mg - kg~ $wiezej masy]

Type of animal product Product — Produkt
Kategoria produktu - Author — Autor
Zwierzecego meat — mieso liver — watroba

Fish — Ryby 0.122-0.209 0.105-0.142 Stezycka et al. (2005)
Horses — Konie <0.001 0.003-0.061 Rudy et al. (2007)
Poultry — Dréb <0.001-0.001 0.001- 0.001 Rudy and Znamirowska (2009)
Cattle — Bydto 0.004-0.016 0.0172-0.033 Bombik (2010)
Sheep — Owce 0.002-0.006 0.002-0.005 Bombik (2010)
Cattle — Bydto <0.001 0.002 Szkoda et al. (2011)
Pig — Swinie 0.001 0.001 Szkoda et al. (2011)
Poultry — Dréb <0.001 0.001 Szkoda et al. (2011)
Sheep — Owce <0.001 0.003 Szkoda et al. (2011)
Rabbits — Kroliki <0.001 0.001 Szkoda et al. (2011)
Horses — Konie <0.001 - Szkoda et al. (2011)
Fish — Ryby 0.036 - Szkoda et al. (2011)
Red deer — Jelenie 0.000- 0.001 0.001-0.007 Szkoda et al. (2012)
Roe deer — Sarny 0.001-0.004 0.003-0.016 Szkoda et al. (2012)
Boar — Dziki 0.005-0.008 0.014-0.037 Szkoda et al. (2012)
Pig — Swinie 0.002-0.013 0.039-0.129 Duma et al. (2012)
Fish — Ryby 0.003-0.019 - Duma et al. (2012)

A study carried out by Stezycka et al. (2005) has shown that mercury levels in fish. caught
in Vistula river between 1998 and 2002. ranged from 0.122 to 0.209 mg - kg~ f.w. for muscle
samples and from 0.105 to 0.142 mg - kg™ f.w. for liver samples. Highest levels of mercury
were found in asp (Leuciscus aspius) — 0.450 mg - kg™ f.w. and freshwater bream (Abramis
brama) —0.330 mg - kg~' f.w. caught in the vicinity of Wioctawek. indicating lingering mercury
contamination in Wioctawek water reservoir and biomagnification in the following links of the
food chain.

A study carried out by Rudy et al. (2007) has shown that mercury levels in horse liver in
animals younger than 2 years where. on average. 0.003 mg - kg~' f.m. while in horses older
than 14 years — 0.061 mg - kg™' f.m. exceeding the allowed levels. Authors point out. that
mercury accumulates primarily in parenchymal organs and that accumulation levels increase
with animals' age. This relation was later confirmed in studies carried out on cattle by Bombik
(2010). The latter study also shown that mercury levels are higher in meat and liver of cattle
than in sheep.

According to Szkoda et al. (2009). annual evaluation of mercury levels in animal products.
carried out in 2008. shown that the levels of this element remained low and did not raise
toxicological concerns. Mercury levels in meat were: 0.001 mg - kg™ f.w. in cattle. swine. poultry
and horse and 0.033 mg - kg™ f.m. in fish. Mercury levels in liver were: 0.002 mg - kg™' fw. in
cattle and 0.001 mg - kg™ f.w. in swine. poultry and rabbit.

Low levels of mercury in animal products where later confirmed in a study by Szkoda et al.
(2011). Authors conluded that animal products posed no risk of mercury poisoning to
consumers and that average dietary intake was only a fraction of permitted tolerable weekly
intake (PTWI). Rudy and Znamirowska (2009) had similar results in a study on poultry meat.
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Concerning game animals. a study by Szkoda et al. (2012) had shown that 4% of game
animal liver samples exceeded allowed mercury levels. By dwelling and feeding in a certain
area the animals were exposed to environmental factors that contributed to bioaccumulation
of heavy metals in their tissues.

Duma et al. (2012) had shown that mercury levels in fish were higher than in pork (accursed
in Podkarpackie voivodeship) and that mercury levels in predatory fish were higher than in
herbivorous fish. This relationship was also described by other authors (Havelkova et al. 2008;
Svecevicius et al.2014; tuczynska et al. 2016).

CONCLUSION

Studies carried out in Poland in recent years indicate that mercury levels in tissues of wild
and farm animals remain low. with sporadic incidents of allowed levels being exceeded. Taking
into account that permitted tolerable weekly intake (PTWI) levels are 5 ug - kg™' of body weight
for total mercury and 1.6 pg - kg™' of body weight for organic mercury (MeHg). the average
consumer is not at risk from dietary mercury intake. However. heavy metal emissions and
accumulation in the environment, mercury included. increase bioaccumulation of this
xenobiotic in meat and giblets of game animals when compared with farm animals.
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Abstract. When present in the environment in large concentration, mercury can pose serious
danger to human and animal health and life. Mercury poisoning in human organism can lead to,
for example: central nervous system damage, immune system disorders, kidney damage, hair
loss and death. Besides its impact on public health, mercury also affects animal production, with
a variety of poisoning symptoms in farm and game animals, lower birthrates, reduced production
qualities and deaths. Mercury is considered a global threat to the environment, due to its ability
to accumulate in living organisms. In modern times the main risks of exposure to mercury for
people and animals are: contaminated food products and water. For this reason, mercury levels
in animal meat and organs are regulated by national and international legislation. The aim of this
study was to establish possible hygine and toxicologic risks related to mercury accumulation in
meat and organs of farm and game animals accuired in Poland. Results of several studies on
mercury content in meat and liver of farm and game animals have shown that the species of
animal. its age, environment and diet can affect mercury accumulation levels. The data collected
in Poland during last 10 years in Poland indicates that mercury levels remained low, with sporadic
incidents of allowed levels being exceeded.






