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Abstract

The assessment of mercury content in the muscle, liver and kidneys of fattening pigs and
sows was conducted in the Czech Republic during the period of 2015-2019. The samples were
collected from sows (n = 31) and fattening pigs (n = 210). The average mercury content in
muscle, liver, and kidneys of sows over 5 years was 0.00057 + 0.00004, 0.0045 + 0.0008, and
0.0224 + 0.0067 mg-kg'!, respectively. The average mercury content in muscle, liver, and
kidneys of fattening pigs over the same period was 0.00059 + 0.00004, 0.0012 + 0.0001, and
0.0044 + 0.0004 mg-kg!, respectively. The maximum residual limit (MRL) for human
consumption was exceeded in 14 kidney samples. The mercury content in liver did not differ
significantly between sows and fattening pigs; in kidneys, the mercury content was higher in
sows, with a significant difference in one year (P < 0.05). A slight decrease in the mercury content
in kidneys and liver was observed in fattening pigs from the year 2015. In sows, there was
a significant increase in the mercury content in kidneys in the year 2016. It can be concluded that
there is a need for further monitoring of the mercury content in pig tissues in the Czech Republic.

Swine, kidney, liver, sow, fattening pig

Mercury is one of the most toxic metal elements that contaminate the environment
both due to natural processes and due to anthropogenic activity (Martinez-Finley and
Aschner 2014).

Both humans and animals can be exposed to various forms of mercury during their
lifetimes. Inhalation of mercury vapor from the air, swallowing small particles of mercury
from amalgam dental fillings, mercury intake from water and contaminated foods are
mentioned as possible routes of mercury delivery to humans (Pirrone et al. 2001).

Mercury occurs in several different forms: as metallic (elemental) mercury, inorganic,
and organic (methylmercury). In particular, inorganic mercury compounds cause kidney
damage (Taugner et al. 1966).

Methylmercury is much more toxic than the inorganic form; it damages the central
nervous system and is neurotoxic. Especially at risk are pregnant women as mercury in the
form of methylmercury passes through the placenta into the foetus (Clarkson et al. 2007).
The consequences of the neurotoxic effects of mercury are neuropsychiatric disorders in
children, for example, mental retardation and developmental defects, visual and hearing
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disorders, or impaired speech and memory (Haley 2005). A case of mercury poisoning in
humans after having eaten pork meat from a pig that was fed with methyl mercury-dressed
seed grain was described in New Mexico (Curley et al. 1971).

The uptake of methylmercury by consumption of fish and fish products is currently
considered to be the most important source of mercury exposure to humans (Bernhoft 2012).

Consumption of pig tissues can also represent a source of mercury for people due to the
use of fishmeal for feed purposes. Another factor to consider is the use of thiomersal, which
contains ethylmercury and is used as a preservative in some vaccines for livestock (EFSA
2008; USKVBL 2014).

The aim of the present paper was to analyse and present the results of a study of mercury
content in pig tissues carried out in the framework of a state monitoring programme during
the years 2015-2019 in the Czech Republic.

Materials and Methods

Samples of pig tissues were collected by the Czech State Veterinary Administration within a national plan
for the monitoring of residues and contaminants in accordance with the Council Directive 96/23/EC (1996)
in the years 2015-2019. The minimum number of animals for a year from which tissue samples were taken was
calculated according to the methodology of the aforementioned directive.

Veterinary inspectors selected randomly slaughtered fattening pigs and sows for tissue sampling at various
slaughterhouses in the Czech Republic. Pigs for fattening were slaughtered in the usual slaughter weight of about
90-110 kg at the age of 6 to 7 months. The goal was to cover as large an area as possible. Samples included muscle
(lean meat), any part of the liver (sample of at least 0.5 kg), and the whole kidney.

The determination was carried out in the laboratories of the State Veterinary Institutes in the Czech Republic.
All laboratories have been accredited according to EN ISO/IEC 17025 and regularly participate in inter-laboratory
comparison tests. The methods used were validated and the quality of routine analyses was controlled by a testing
of reference, duplicate, and blank samples.

The content of total mercury (THg) in tissues was determined by the cold vapour atomic absorption spectrometry
on an AMA 254 analyser (Altec Ltd., Dvir Kralové nad Labem, Czech Republic) with a limit of quantification
(LOQ) of 0.001 mg-kg' (at a sample weight of 50 mg) for muscle, liver, and kidneys. The samples were thawed,
weighed, put into combustion boats and inserted into the AMA 254 without any sample preparation.

Data manipulation and statistical analysis

The number of analysed samples varied from 4 to 46 for sows/fattening pigs in different years. The mercury
content in muscle tissue was found to be below the LOQ in almost all samples, making a statistical comparison
impossible. For the purposes of statistical calculations, the values below the LOQ were replaced by half of this
limit, i.e. by the value of 0.0005 mg-kg'. The differences in the mercury content between years, sows/fattening
pigs and liver/kidney were analysed using the factorial ANOVA followed by Fisher’s post hoc test for unequal N.
The evaluation of time trends was performed using the Pearson correlation coefficient. P < 0.05 was considered
significant in all tests. Data manipulation and statistical analysis were performed using Statistica, version 13
(TIBCO Software Inc.).

Results

The mercury concentration in muscle tissue was below LOQ (< 0.001 mg-kg' of wet weight)
in 28 from 31 samples from sows, and in 201 from 210 samples from fattening pigs. The
remaining three and nine values resulted in a mean value of 0.0012 mg-kg' and 0.0025 mg-kg!
for sows and fattening pigs, respectively. The maximum residual limit (MRL) for human
consumption (MRL for mercury in muscle: 0.010 mg-kg!) was not exceeded in any sample.

The mercury content in liver and kidney of sows and fattening pigs during 2015-2019
is presented in Table 1 and Fig. 1. The mercury content found in liver varied between < (0.001
and 0.0170 mg-kg' of wet weight and did not exceed the MRL for human consumption
in any sample (MRL for mercury in liver: 0.020 mg-kg'). The mercury concentrations
in the kidneys ranged from < 0.001 to 0.2060 mg-kg™!' of wet weight. The MRL for human
consumption (MRL for mercury in kidney: 0.020 mg-kg') was exceeded in 14 samples: 10
of them in sows (one in 2015 and 2017, two in 2016, and three in 2018 and 2019 each) and
4 of them in fattening pigs (one each in 2015, 2017, 2018 and 2019) (Table 1).
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Fig. 1. Mercury concentration in liver and kidney tissues of sows and fattening pigs during 2015-2019 (mean
and 0.95 confidence interval).
* sow; O fattening pig

Discussion

The environment is contaminated with mercury from both natural and anthropogenic
sources (Saturday 2018). Natural sources include mercury release from volcanoes, forest
fires, weathering of rocks and geological movements (Sundseth etal. 2017). Anthropogenic
sources of mercury in the environment are mainly combustion coal and waste. Mercury
also enters the environment from industrial activities, e.g. the manufacturing of electrical
equipment, dyes, batteries or fluorescent lamps, paper, cosmetics and pharmaceutical
industry (Pirrone et al. 2001).

Mercury is deposited in soil, water and sediments where it is transformed by microbiota
and microfauna (methylation) into the more toxic organic form of methylmercury (Morel
et al. 1998). Because mercury methylation occurs almost exclusively in aquatic systems,
waterfowl and fish species usually contain much higher amounts of mercury than terrestrial
animals (Ulrich et al. 2001). Therefore, the consumption of fish and fish products is
currently considered to be the most important source of mercury exposure to humans
(Martinez-Finley and Aschner 2014). Methylmercury can make up a significant part of
the total amount of mercury contained in fish and fishery products. For instance, Marshall
(1989) found that methylmercury comprised 81% of the total mercury content in fishmeal.
In feedstuffs other than fish and fishery products, mercury is mainly found in other forms
than methylmercury, predominantly in the form of inorganic mercury which is considered
less hazardous (EFSA 2008).
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However, consumption of pig tissues can also represent a source of organic mercury to
humans because of the use of fishmeal in pig diets. Another source of organic mercury
from pig tissues can be the use of thiomersal which contains ethylmercury. This substance
is still used as a preservative in some vaccines for livestock (EFSA 2008; USKVBL 2014).

Another factor to consider is the dust sediment present in pig stables. According to Ulrich
etal. (2001), mercury detected in dust sediments apparently did not contribute significantly
to their content in animal tissues. They found that the concentration of mercury in barn dust
sediments followed its concentration in feed mixtures. The authors therefore assumed that
feed mixtures were the major source of mercury found in dust sediments.

Mercury can occur in tissues of pigs in inorganic as well as in organic chemical forms.
Inorganic mercury salts are not fat soluble and therefore do not pass in this form the blood-
brain barrier or the placental barrier. Inorganic mercury is taken up in the liver, but the
organ with the highest concentrations of inorganic mercury is the kidneys, especially the
area of proximal tubules, which is the main target site for mercury accumulation in this
organ (Berlin and Ullberg 1963; Taugner et al. 1966; Lohren et al. 2015).

The most important organic form is methylmercury. Compared to inorganic forms,
methylmercury is absorbed after oral ingestion to a much larger extent, and also faster
(Norseth and Clarkson 1971). Methylmercury is liposoluble and it can easily cross
cell membranes, including the placental and blood-brain barriers (Clarkson et al. 2007).
Gyrd-Hansen (1981) evaluated the toxicokinetics of methylmercury in pigs. He found that
the highest mercury concentrations were detected in kidney and liver. The concentrations
in muscle were approximately half as high as those in the liver. Mercury was eliminated
much slower from muscles than from the blood, and in liver and kidneys the mercury
concentrations after 6 weeks were almost identical. This indicates a very long half-life of
methylmercury in liver and kidneys.

Ethylmercury represents another form of organic mercury. This form of mercury is likely
to be converted to inorganic forms in tissues to a larger extent than methylmercury. Its
high concentrations are found in liver and kidney, and a low amount in muscle tissues
(Gyrd-Hansen and Helleberg 1976).

In general, regardless of their chemical form, all the mentioned mercury compounds
have a similar pattern of distribution in tissues. In particular, the kidneys of animals with
a longer breeding season can accumulate significant amounts of mercury.

In our study, the average mercury concentrations were higher in the kidneys and the liver
compared to the muscles, in which the mercury concentrations were the lowest. This is in
agreement with the study of Dréapal and Haldova (2014).

It is beyond the scope of this article to distinguish which forms of mercury were present in
the analysed pig tissues. Although chromatographic techniques are available for differentiating
organic Hg from its inorganic form, they are not routinely used, as they are complicated and
costly (EFSA 2008). Therefore, only the total Hg content was determined in our study.

Marshall (1989) found that when fishmeal was included in the diet, methylmercury
residues increased significantly in all tissues in relation to the concentrations found in
fishmeal-free diets. The proportion of methylmercury to the total mercury in muscle tissue
of pigs fed fishmeal was found to be 81.4%. This confirmed that the source of mercury
residues in muscles was derived primarily from fishmeal.

In our study, there was a slight decrease in the kidney and liver mercury concentrations
in fattening pigs from the year 2015. This is in agreement with literature data, in which
a tendency for decreasing mercury concentrations in animal tissues has been documented
(Falandysz 1993; Lopez-Alonso et al. 2007). In the most recent study, Nawrocka
et al. (2020) did not confirm the decreasing trends of Hg concentrations in pig’s liver from
2009 to 2018, although their values were lower than those reported by other authors from
Poland in previous decades.
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The decreasing tendency could be attributed to several factors: currently no mercury-
containing pesticides or biocides are allowed for agricultural use in our country. The
use of fishmeal in pig diets is not so frequent due to its price. The manufacturer of
the preparation for the immunocastration of boars (Improvac) agreed to replace the
thiomersal preservative containing ethylmercury for another mercury-free preservative
preparation (chlorocresol).

We have found higher mercury accumulation in the kidneys of sows compared to
fattening pigs. This can be explained by the tendency of mercury to cumulate in the kidneys
(Clarkson et al. 2007) and it is connected with the increasing age of the animals.

For human consumption, the Commission Regulation (EU) 2018/73 has established the
MRLs of 0.010 mg-kg', 0.020 mg-kg™!, and 0.020 mg-kg! for the mercury content in the
muscle, liver, and kidneys, respectively.

A significant increase in the mercury content in kidneys of sows was found in the year
2016. This shows that despite the positive tendency, the isolated above-limit values of
mercury cannot be ruled out. In our study, we found 14 kidney samples to be above the
MRL, with the majority of such samples being from sows.

It can be concluded that the above-limit mercury concentrations can rarely be found in
the kidneys, especially in the elderly categories of pigs. Based on our results, it can be
stated that there is still a need for further monitoring of the mercury content in pig tissues
in the Czech Republic.
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