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Abstract

:

Mercury is a highly toxic element subject to bioaccumulation, increasing its harmful effects on living organisms over time. In the present study, total mercury contents were determined in the liver, kidneys and hair of cats from Warsaw and its suburban areas. The study took into account the influence of the age, sex and living conditions of the animals. Samples were obtained between 2014 and 2016, and mercury contents were determined by atomic absorption spectrometry (AAS). The average mercury concentrations in the tissues studied were 0.025, 0.026 and 0.030 mg∙kg−1 in the hair, kidneys and livers of the individuals tested, respectively. Higher values were recorded in animals from the city area, and an increase in this metal with the age of the cats was also found. The average contents of mercury in the tissues studied were within the range of the recommended reference values, which in this case indicates low environmental exposure of animals to mercury.
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1. Introduction


Mercury is a toxic element and is classified among the transition metals. It penetrates the environment from natural sources, such as volcanic activity and natural rock weathering processes, as well as through human activity, mainly related to the production of energy, metallurgy, waste incineration and craft gold mining [1,2,3]. It has been estimated that over the last century human activity resulted in a five-fold increase in mercury content in the atmosphere and a three-fold increase in its levels in surface oceanic waters [3]. Many actions have been carried out over the past several decades aiming at the reduction of mercury emissions from human-related sources in relation to its toxic activity and capability for bioaccumulation in animal and human tissues [4,5,6].



Mercury forms a group of organometallic compounds. It has the capacity to transform into different forms and thus it moves in the trophic chain exceedingly easily, particularly in the form of methyl compounds. For this reason, organometallic mercury compounds are of interest to toxicologists. In the environment, mercury can occur both in elemental metallic Hg0 and inorganic Hg22+ and Hg2+ forms. The highest toxicities characterize methyl organic compounds, such as methylmercury, dimethylmercury and ethyl mercury, which easily move from one form to another [7,8]. This process takes place mainly in aquatic environments, in which relatively lowly toxic Hg22+ and Hg+ are subject to methylation. Until recently, methylation was thought to occur due to bacteria reducing sulfates and iron. Recently, however, it has been shown that methanogens are important contributors to methylmercury production in anoxic, mineral-deficient environments [9,10,11,12,13].



Absorption of mercury by terrestrial vertebrates takes place via three major routes: the respiratory and digestive systems and via the transdermal route [14,15,16]. After reaching the organism through the alimentary route, in the inorganic form, its absorption rate is low (less than 20% of the ingested dose), whereas methyl derivatives are absorbed at a rate of approximately 90% [4,5].



The problem of environmental monitoring in the context of mercury pollution is still current because incidents related to its uncontrolled release from industrial sources continue to happen, and the element remains a threat, not only to aquatic systems. The rapid emission of mercury into the environment took place in the 1920s and was linked to its broader scope of industrial use and release, particularly during the combustion of energy raw materials. In the industrialized countries, the peak of mercury emission was between the 1960s and 1970s. Emissions of this metal started to fall rapidly in the 1980s only thanks to efficient corrective and preventive actions [17]. However, quantities circulating in the environment were released many years ago, and currently it is highly difficult to assess how much mercury comes from re-emission [2,3,18,19]. For decades, many actions were undertaken that aimed at reducing the release of mercury compounds of anthropogenic origin into the environment. The Minamata Convention definitely had a most important role, as it set out the legal framework for the protection of the health of people and the environment against the toxic effect of mercury [3,20]. It has been estimated that Poland is one of the major emitters of mercury in Europe. Data from 2016 indicate that the country is responsible for approximately 18% of the total emissions of this metal into the atmosphere on the European continent [21]. Despite the many actions aiming at the reduction of pollution emissions, it is estimated that the biosphere in Central Europe is more exposed to mercury than the other regions of the continent [2,19,22,23].



Thus far, research on tissue contents of mercury has been conducted mainly in humans and free-living animals, whereas data concerning its levels in domestic animals are scarce. The domestic cat is a species that remains in a close relationship with humans, and its longevity enables the observation of long-term effects of certain environmental factors, including the bioaccumulation of toxic elements in tissues. For this reason, it has been assumed that it is a good indicator species which should be used in analyses of the quality of the environments of people living in urban agglomerations [24,25,26,27,28]. Initially, the research concerning contents of mercury in animal and human organisms was conducted mainly on the basis of liver and kidney sample analyses. In recent decades, analysis of contents in common integument derivatives, such as hair, was also introduced. Toxic elements undergo accumulation in different organs and structures of organisms, as well as biotransformation, including methylation and demethylation, and processes of excretion, and occur in all excretions and secretions. The primary role in processes of inorganic mercury excretion from organisms is played by excretory systems, enabling its elimination in urine. Thus, the measurement of total mercury content in urine is used to investigate exposure to inorganic compounds [29]. The fate of methylmercury is different, as it is transferred from the gastrointestinal tract almost entirely to the blood circulation, where 90% of it binds with erythrocytes. The main routes of methylmercury elimination are bile and hair coats; thus, the total mercury content in hair is treated as an indicator of exposure to methylmercury [30]. It should be added that the organs which display the symptoms of metal or metalloid toxicity are not necessarily those in which bioaccumulation of the element in question takes place, as this depends on the element’s toxicokinetics. Although the data of US EPA [31] indicate that the organs susceptible to the toxic effect of a given element may differ between species, for mercury in warm-blooded terrestrial vertebrates it is clearly indicated that the kidneys are the organs particularly susceptible to its toxic effect (in the case of inorganic compounds), along with central nervous system tissue in terms of organic compounds of mercury. The organs in which bioaccumulation of this element takes place are the aforementioned kidneys and liver [32,33,34,35,36]. In the context of analyses of metal and metalloid contents, scientists began to search the material enabling intravital sampling in a less invasive way, and in the last three decades attention has been paid to skin derivatives, among which the hair coat seems to be the most suitable investigational material [37,38]. This material appears to correctly reflect the level of mercury in the organism, enabling observation of long-term exposure to the metal [4,14,29,30,31,32,33,34,35,36,37,38,39,40,41]. The advantage of hair over other biological samples is due to the ease of its collection in a non-invasive manner, and it does not require refrigeration conditions during storage. Mercury content in hair is higher than in blood or urine samples. What is more, retrospective analyses can be performed as a result of testing the hair of individuals maintained in museums [42,43,44].



The objective of this study is the analysis of total mercury contents in the liver, kidneys and hair of domestic cats originating from two different habitats within the Warsaw metropolitan area, as well as determination of the correlation between the contents of mercury in the liver and kidneys and the hair of the examined individuals. Another significant issue is the assessment of the effects of habitat, sex and age on the examined animals with respect to tissue contents of mercury, which should provide an answer to the question of which group of animals is more exposed.




2. Materials and Methods


The study included 85 cats. The comparative material consisted of samples of kidneys, livers and hair coats, which were collected in the period 2014–2016 at veterinary clinics located in Warsaw and its suburban areas. Organ samples originated from cats of known origin whose death occurred as a result of extensive multiple-organ injuries or disease not linked directly to hepatic or renal failure. The examined individuals were divided into three age categories: young adults (1–5 years), older adults (6–10 years) and geriatric animals (11–15 years). The tissue samples were collected from 39 males and 46 females. Apart from the division in terms of sex, the grouping factor was the habitat of the cats, based on which two groups were distinguished. The first one comprised animals from the area of the city of Warsaw (including the strict city center), whereas the second included animals originating from suburban areas of Warsaw. Cats from the city area were mainly housed individuals, while most of the animals from suburban regions were allowed to leave their owners’ homes. Information regarding the examined animals was obtained from the patient files of veterinary clinics.



Approximately 5 g of kidneys and liver and 2 g of hair were collected for the study samples. Kidney samples were collected so that they included both the cortical part and medulla of the organ. In the case of liver, the samples included cuttings of the right lateral lobe. The hair was collected from the withers region.



Based on the information obtained from the Third Local Ethics Committee in Warsaw, in light of the applicable legal regulations, tests using animal tissues collected post mortem do not require the obtainment of appropriate approval.



Until the day of the determinations, samples of parenchymatous organs were stored in polyethylene containers in a deep-freeze state at a temperature of −20 °C, apart from the hair samples, which were stored in gray paper bags. Prior to the performance of the determinations, samples of kidneys and liver were defrosted. Preparation of hair samples was conducted in accordance with the methods described by Kośla and Skibniewska [45]. Samples of hair were washed in distilled water, followed by washing three times in re-distilled water, and degreased on a Soxhlet apparatus using 70% ethyl alcohol. Total mercury content in the examined samples was determined using atomic absorption spectrometry (AAS) utilizing an AMA 254 automatic mercury analyzer type produced by ALTEC (Czech Republic).



Tissue samples prepared for analysis were placed directly in the nickel nacelle of the analyzer and automatically introduced into the furnace chamber, as this device does not require prior digestion of samples. The procedure is based on a pyrolysis process. An initial drying process was carried out in the chamber, followed by combustion in an oxygen stream at a temperature of 850–900 °C. The combustion products with the flowing oxygen were transferred to the exhaust part of the furnace chamber, which included the catalyst. Subsequently, the combustion and halide, nitrogen and sulfur oxide capture processes were completed.



The free mercury vapour was moved to the amalgamator, where capture through the layer of pulverized gold was carried out. As a result of amalgamator heating to a temperature of approximately 1000 °C, the amalgamate was subjected to decomposition and thus released mercury was moved into measurement cuvettes. Then, the absorption of radiation was measured with a wavelength of 253.7 nm by free element atoms.



The samples were analyzed at specified cycle parameters regarding the time of drying, combustion and awaiting results of 60, 120 and 60 s, respectively. In order to assess the correctness and accuracy of measurements, certified reference materials were used.



Three replications of analyses were performed, and the obtained results were used to calculate arithmetic means. The analytical procedures were checked by determining Hg concentrations in samples of two reference materials—CRM No.13 Human Hair (National Institute for Environmental Studies) and bovine liver (Reference Material 1577c Bovine Liver National Institute of Standards and Technology NIST). Concentrations of mercury in the tested tissues (livers and kidneys) were provided in mg⋅kg−1 of wet weight and for the air-dried hair.



The statistical analysis of the results obtained, including the relationships within the individual groups, was developed using Statistica 13.3 software (TIBCO Inc.™, Palo Alto, CA, USA). The data distribution was analyzed using the Shapiro–Wilk W test, followed by non-parametric data analysis. In order to compare the differences between groups, the Mann-Whitney U test or the Kruskal–Wallis test was used at the significance levels of p ≤ 0.05 and p ≤ 0.01. The differences between the groups were analyzed using Spearman’s correlation coefficient at the significance levels of p ≤ 0.05 and p ≤ 0.01.




3. Results


Based on the obtained results, it was determined that the contents of mercury in the tested tissues ranged between 0 and 0.2 mg⋅kg−1 of wet tissue weight (Table 1).



The highest mercury value of 0.2 mg⋅kg−1 of wet weight was determined in the liver. Samples of liver from older individuals were also characterized by higher mean contents of this metal as compared with other analyzed tissues. In the case of kidneys and hair, contents were similar and amounted to approx. 0.025 mg⋅kg−1 of wet weight. A significant positive correlation (p ≤ 0.01) was recorded between the contents of mercury in the tissues of the livers and kidneys as well as hair in all tested cats (Table 2).



Analysis of the influence of sex on the contents of mercury in the organs of the tested cats (Table 3) demonstrated that males had higher contents in all of the analyzed tissues. In the group of males, the lowest mercury contents were determined in the kidneys of the examined specimens. In the case of females, the contents of the metal in all tested tissues were similar and amounted to approx. 0.02 mg⋅kg−1 of wet weight. What is more, highly significant differences were found between the contents of this metal in the livers and hair of individuals of both sexes. In the case of the kidneys, no differences between groups were noted.



Analysis of correlations within groups in the examined animals showed a strong positive correlation between the contents of mercury in the liver, kidneys and hair of the examined individuals (Table 4).



Through the analysis of the influence of age on the contents of mercury in tissues of the examined animals, it was determined that with the progress of the ageing process cats accumulate increasing quantities of this metal. Mean values of mercury in the livers of young adult individuals amounted to 0.016 mg⋅kg−1 of fresh weight of the organ. In the individuals in the 6–10 years age group, around 1.5-fold higher mean values were recorded, whereas in the geriatric group the levels of mercury in liver tissues were three-fold higher than in the young adults.



Similar relationships—of increase in mercury contents with age in the animals—were also recorded for the remaining tissues. In the case of kidneys, mean mercury contents in the geriatric group were four-fold, whereas for hair the values were three-fold higher than those observed in young adult animals (Table 5, Figure 1).



Analysis of the influence of the living conditions of the animals on the liver, kidney and hair mercury contents (Table 6) showed that cats living in urban conditions had higher contents of this metal in all of the Sinvestigated tissues. In the individuals from suburban areas vs. individuals kept in the metropolitan environment, mercury contents in the studied tissues were three times lower in the case of kidneys and nearly two times lower for hair. The discussed differences were statistically highly significant.




4. Discussion


The obtained results indicate that all of the examined individuals were subject to low, long-term exposure to mercury, which was corroborated by the moderate levels detected in all investigated tissues of older cats. Exposure can be determined based on mercury contents in hair of 0.025 mg⋅kg−1, because hair is a biological material which is not affected by temporary fluctuations of mercury levels in the organism. The liver and kidneys are typically used as indicator tissues, in which essential and toxic trace minerals are deposited. However, their observed concentrations do not always reflect the load of the given element on the entire organism [32]. Hair, while being a stable and easy-to-store material, also has the capability to concentrate metals to a lesser degree than other tissues [42,46]. Indeed, the capability to accumulate metals is affected by the morphology of hair, which varies between species; however, it has been experimentally demonstrated that mercury has a high capability to bind with hair structures, which is why it has become one of the most important analytical materials used in the determination of contents of this metal [47,48].



Sensitivity to the toxic effect of mercury is a species trait. In light of previous research, it was determined that, among terrestrial mammals, large animal species are more resistant to the toxic effect of mercury [49,50]. The mechanisms of this phenomenon are not fully understood, yet it appears to be linked to the rate of metabolic change, the capability for organism detoxification, as well as the position of the given species in the trophic chain, because the capability of mercury migration and biomagnification in the food chain of mammals has been thoroughly documented [49,50,51,52]. Predators found at the top of the food pyramid are naturally more exposed to mercury bioaccumulation [4].



Thus far, no reference values for mercury contents in individual tissues of the domestic cat have been determined. Its concentrations registered in mammals subject to fatal poisoning, expressed in mg⋅kg−1 of organ wet weight, are as follows: 6.0 in the brain, 10.0–55.6 in the liver and 37.7 in the kidneys [52,53]. It has been experimentally demonstrated that LD50 for the domestic cat is 0.25 mg of mercury per one kilogram of body weight with long-term administration. On day 68, animals started to demonstrate neurological symptoms which continued until the end of the study, i.e., by day 90 of the experiment. In the surviving individuals, the levels of mercury in the liver were 40.2 and 18.1 mg⋅kg−1 of organ wet weight, respectively, for the total mercury content [50]. These are the results of an experimental study aiming at the determination of LD50 for individuals of the species; thus, the obtained values are extremely high. In light of the research conducted so far, it was determined that, similar to other mammal species, for the domestic cat, greater significance attaches to the form of mercury introduced into the organism, rather than its total content in food. Cats fed for 90 days with seal liver with a total content of mercury of 26,000 µg⋅kg−1 wet weight did not exhibit symptoms of the neurotoxic effect of this element, and no histopathological changes were observed. It was determined that toxicity is determined primarily by organic fractions and not the total content of the element [50,51]. This stems from the fact that the distribution of organic forms of mercury takes place at a much higher rate than their elimination; thus, almost immediately after absorption, the state of dynamic equilibrium is maintained between the blood and strongly vascularized tissues with high perfusion. It was determined that the exchange of organic mercury forms between the main parenchymatous organs, such as the liver and kidneys, as well as tissues without secretory functions, is a highly dynamic phenomenon [53,54]. However, a certain number of organic mercury forms are subject to demethylation in the liver, to which it is transported via hematogenous routes, from which part of it is eliminated through the gastrointestinal tract with bile and part of it is redistributed to tissues with blood [55,56]. It was determined that the hair coats of mammals play a significant role in mercury circulation, because both its organic and inorganic forms are reintroduced into the gastrointestinal tract via hair swallowed by animals during hair care. However, the differences in kinetics between both forms are notable, because the inorganic fraction is not subject to absorption into the blood due to its low bioavailability and is excreted in feces, whereas the fraction remaining in the hair is absorbed into the blood [55]. The phenomenon described above appears to be of significance in the case of mercury circulation in the domestic cat, for which intensive hair care involving swallowing substantial amounts of hair constitutes a significant element of natural behavior.



Based on research results, reference values for mercury contents in mammal tissues were assumed, according to which values for the kidneys should fall below 1.1 mg ⋅ kg−1 wet weight and for the central nervous system tissue below 1.5, whereas for the hair they should fall below 2 mg⋅kg−1 wet weight [51]. Sheffy and Amant [57] suggested that contents within the range from 1 to 5 mg⋅kg−1 are normal values for hair coats in terrestrial mammals, whereas a level of 30 mg⋅kg−1 was identified as LOAEL. The above ranges refer mainly to free-living animals. The results obtained in this study appear to be low against this background, because the mean for all 85 individuals is 40-fold lower than the lower range of reference values proposed by Sheffy and Amant [57]. These values are also markedly lower than those recorded in other felids. Behrooz and Poma [4], who analyzed mercury contents in the hair coats of eight free-living cat species, obtained values within a range from 0.062 to 3.67 mg⋅kg−1, with a median value of 0.488 mg⋅kg−1 dry weight. Due to the lack of other data on mercury contents in the hair of Felidae representatives, the authors referred the obtained results to other representatives of the order Carnivora, such as the brown bear and the jackal, distributed in the same zoogeographic region, as well as representatives of predators from other regions of the world, such as the raccoon from the USA, the red fox from Alaska and the Arctic fox from Russia and Iceland [40,41,58,59]. However, the differences in the ecotoxicological background result in a limited possibility of referring the results obtained in this study to those presented in the studies cited above, even more so given that most of the material analyzed in them originated from animals inhabiting areas where craft gold mining was taking place. It has been estimated that over 35% of the total mercury polluting different ecosystems penetrates them as a result of the craft gold mining process [6,60,61]. A similarly limited value is found by the comparison of the obtained results with the contents of mercury in the hair covers of cats from the Minamata District, for which the level of 46 mg⋅kg−1 resulted from the extreme environmental pollution with mercury, resulting in acute neurological symptoms in the poisoned animals, known as dancing cat disease [62]. However, little is known about the values found in clinically healthy animals living in areas not affected by the results of ecological disasters, which could be used to determine reference values for this species.



Mercury contents observed in the parenchymatous organs remained in the range of permissible reference values for mammals. It may come as a surprise that the animals from the urban area, which spend part of or the entirety of their lives in closed rooms, had higher mercury concentrations as compared with individuals from suburban areas, particularly given that the suburban areas from which the examined material was collected are characterized by significant numbers of buildings heated with coal, classified as so-called low emissions, resulting in elevated emissions of dust and toxic materials (such as mercury) into the atmosphere in the winter season. Data from the Chief Inspectorate for Environmental Protection record air pollution by mercury at the regional background traffic points in Poland; the emissions recorded by the traffic points located in the Mazowieckie Voivodeship were as follows: in 2014, 1.311 and 1.085 ng⋅m−3; in 2015, 1.412 and 1.232; and in 2016, 1.343 and 1.189, for the winter and summer seasons, respectively. Thus, an attempt was made to determine the degree to which the described phenomenon affected the total contents of mercury in the tissues of the examined animals. Based on the conducted study, it can be assumed that atmospheric mercury does not constitute a significant proportion of the total load of the element absorbed by animals. In view of the obtained results, it can be determined that the predominant form is the mercury taken in through the alimentary route. Mean values of 0.03 mg⋅kg−1 in the liver and 0.02 mg⋅kg−1 in the kidneys point to a relatively low exposure. Serpe et al. [24], who analyzed the tissues of dogs originating from an urban environment of Naples, obtained a mean value of 0.054 mg⋅kg−1 wet weight in livers and 0.04 mg⋅kg−1 in kidneys. The obtained results are similar to the data published by Dunlap et al. [63] and Lopez-Alonso et al. [64,65]. The pronounced correlation between the contents of mercury in the tested tissues is a proof that diet is the main factor affecting tissue contents in cats, because it is the main source of methylmercury, characterized by high bioavailability and rapid tissue distribution. The nutritional background may constitute an explanation of the differences observed between the groups of animals from suburban areas and the animals maintained in the city, because urban animals are mainly fed with commercial diets, which often contain fish or offal. The currently applicable regulations for dogs and cats permit a level of 0.5 mg⋅kg−1 mercury in products made from the processing of fish or other marine animals, 1 mg⋅kg−1 in tuna and products derived therefrom intended for the production of compound feed for pets, and 0.3 mg⋅kg−1 in supplementary food [66]. Altinok-Yipel et al. [67], who analyzed 50 commercially available cat diets produced by 15 manufacturers distributing their products on a global scale, determined that the mean mercury content in cat food based on salmon is 0.03 mg⋅kg−1; in food based on tuna, 0.04 mg⋅kg−1; and in products containing liver, 0.03 mg⋅kg−1. These values are similar to those observed in the tissues of animals from the urban area. Animals from suburban areas are, in the vast majority, let outdoors, and diversify their diet by realizing their natural need for hunting. The phenomenon of mercury return circulation described by Farris and Derick [55] may provide an additional explanation for the higher tissue concentrations of mercury in urban cats. Animals kept in flats, without the possibility of exploring the environment, spend more time performing hair care, which in many cases is a compulsive behavior resulting from limited interaction with the external environment. The swallowing of hair increases the load of bioavailable methylmercury. Individuals of both sexes differed significantly in terms of the mercury contents in all tested tissues, with higher values recorded for males. When the effect of age was taken into consideration, it was determined that in both females and males the level of mercury increases with the progress of the aging process. Mercury concentrations in the liver, kidneys and hair of males in the geriatric group were, respectively, 0.0485, 0.0392 and 0.0428 mg⋅kg−1; for females, the corresponding concentrations were 0.0493, 0.431 and 0.0362. In the group of young adult individuals, the observed values in males and females were similar in the liver, kidneys and hair: in males, these were 0.018, 0.0151 and 0,0150, respectively, whereas in females, they were 0.0108, 0.0087 and 0.0100, respectively. The greatest differences were observed in the second age group, in which the values recorded for males were 0.0347, 0.0307 and 0.0306, while in females they were 0.0147, 0.0121 and 0.0126. The presented data clearly indicate that the levels recorded in young adult individuals have similar values, whereas in male cats aged 6–10 years, mercury concentration in the liver, kidneys and hair is, respectively, 2.36-, 2,53- and 2,42-fold higher than in females. The differences between representatives of both sexes are reduced in geriatric animals. The observed differences may stem from the behavioral differences of males and females. Castrated individuals are predominant among male cats maintained under urban conditions, which increasingly frequently develop obesity. Elevated food intake may be the explanation of higher mercury contents in the tissues of males. However, despite the increased mercury contents in tissues of both sexes observed in the study, it should be stated that the recorded values do not pose a real health hazard for these animals.




5. Conclusions


In conclusion, it can be stated that the observed mercury levels in the liver, kidneys and hair of the examined individuals lie within the range of values which, according to data in the literature, should not cause symptoms of acute or chronic mercury poisoning, which indicates low environmental exposure. The higher values recorded in urban animals also lie within the reference mercury levels for mammals. Differences in mercury contents exist between individuals of both sexes. Males reach values observed in geriatric individuals at a much earlier age than females. The strong correlation of mercury content in hair with its levels in the liver and kidneys indicates the applicability of hair as an indicator material, with concentrations corresponding to the mercury load in the key organs.
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Figure 1. Mercury contents depending on age group: 1—cats (1–5 years); 2—cats (6–10 years); 3—cats (11–15 years). 
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Table 1. Mercury contents in selected cat tissues in milligrams per kilogram.
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	Analyzed Material
	N
	Arithmetic Mean
	Median
	Min
	Max
	Q1
	Q3
	SD





	Liver
	85
	0.030
	0.020
	0.00
	0.20
	0.01
	0.04
	0.031



	Kidney
	85
	0.026
	0.020
	0.00
	0.15
	0.01
	0.03
	0.025



	Hair
	85
	0.025
	0.020
	0.00
	0.10
	0.01
	0.03
	0.022







Q1—lower quartile; Q3—upper quartile; SD—standard deviation.
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Table 2. Correlation coefficients between Hg concentrations in the tissues analyzed.
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	Kidney
	Hair





	Liver
	0.850903 **
	0.905060 **



	Kidney
	
	0.869439 **







** Correlation coefficients are significant with p ≤ 0.01.
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Table 3. Contents of mercury in cat organs depending on sex in milligrams per kilogram. Letters signify highly significant differences at p ≤ 0.01.
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Analyzed Material

	
Sex

	
N

	
Arithmetic Mean

	
Median

	
Min

	
Max

	
Q1

	
Q3

	
SD






	
Liver

	
M

	
39

	
0.035A

	
0.03

	
0.000

	
0.10

	
0.02

	
0.05

	
0.026




	
Kidney

	
0.029

	
0.03

	
0.001

	
0.08

	
0.01

	
0.04

	
0.021




	
Hair

	
0.031C

	
0.02

	
0.010

	
0.09

	
0.01

	
0.04

	
0.022




	
Liver

	
F

	
46

	
0.025B

	
0.01

	
0.000

	
0.20

	
0.01

	
0.03

	
0.035




	
Kidney

	
0.021

	
0.01

	
0.000

	
0.15

	
0.01

	
0.03

	
0.028




	
Hair

	
0.020D

	
0.01

	
0.000

	
0.10

	
0.01

	
0.02

	
0.021








F—female; M—male; Q1—lower quartile; Q3—upper quartile; SD—standard deviation.
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Table 4. Correlations between the contents of mercury in tissues of individuals representing both sexes at p ≤ 0.01.
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Material Examined

	
Kidney

	
Hair




	
Male

	
Female

	
Male

	
Female






	
Liver

	
Male

	
0.8616 **

	

	
0.8510 **

	




	
Female

	

	
0.8106 **

	

	
0.9204 **




	
Kidney

	
Male

	

	

	
0.9366 **

	




	
Female

	

	

	

	
0.7848 **








** Correlation coefficients are significant with p ≤ 0.01.
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Table 5. Mercury contents depending on cat age in milligrams per kilogram.
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Age Group

	
N

	
Arithmetic Mean

	
Median

	
Min

	
Max

	
Q1

	
Q3

	
SD






	
Liver

	
1

	
26

	
0.016

	
0.015

	
0.00

	
0.040

	
0.001

	
0.020

	
0.013




	
Kidney

	
0.013

	
0.010

	
0,00

	
0.040

	
0.001

	
0.020

	
0.011




	
Hair

	
0.014A

	
0.010

	
0.00

	
0.040

	
0.010

	
0.020

	
0.009




	
Liver

	
2

	
29

	
0.023

	
0.020

	
0.00

	
0.090

	
0.010

	
0.030

	
0.020




	
Kidney

	
0.020

	
0.010

	
0.00

	
0.070

	
0.010

	
0.030

	
0.018




	
Hair

	
0.021

	
0.010

	
0.00

	
0.060

	
0.010

	
0.030

	
0.017




	
Liver

	
3

	
30

	
0.049

	
0.030

	
0.01

	
0.200

	
0.020

	
0.080

	
0.041




	
Kidney

	
0.041

	
0.030

	
0.01

	
0.150

	
0.020

	
0.050

	
0.032




	
Hair

	
0.039B

	
0.030

	
0.01

	
0.100

	
0.020

	
0.060

	
0.026








Q1—lower quartile; Q3—upper quartile; SD—standard deviation. A,B—highly significant differences at p ≤ 0.01.
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Table 6. Mercury contents depending on living conditions in milligrams per kilogram.
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Analyzed Material

	
Living Conditions

	
N

	
Arithmetic Mean

	
Median

	
Min

	
Max

	
Q1

	
Q3

	
SD






	
Liver

	
U

	
47

	
0.038A

	
0.030

	
0.001

	
0.200

	
0.010

	
0.050

	
0.036




	
Kidney

	
0.032B

	
0.030

	
0.000

	
0.150

	
0.010

	
0.040

	
0.029




	
Hair

	
0.031C

	
0.020

	
0.000

	
0.100

	
0.010

	
0.050

	
0.024




	
Liver

	
S

	
38

	
0.020D

	
0.010

	
0.000

	
0.090

	
0.010

	
0.030

	
0.020




	
Kidney

	
0.017E

	
0.010

	
0.000

	
0.080

	
0.010

	
0.020

	
0.017




	
Hair

	
0.017F

	
0.010

	
0.000

	
0.080

	
0.010

	
0.020

	
0.016








U—urban; S—suburban; Q1—lower quartile; Q3—upper quartile; SD—standard deviation; A,B,C,D,E,F—highly significant at p ≤ 0.01.
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