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ABSTRACT

Milk is considered as a basic food, highly nutritious, and recommended for everyday consumption during the whole human life. However,
due to environmental pollution, milk is not just a source of essential minerals, but potentially can contain heavy metals and trace elements
as well which can threaten human health. The study aimed to determine the occurrence of 22 elements: Ag, Al, As, Ba, Ca, Cd, Co, Cr,
Cu, Fe, K, Li, Mg, Mn, Mo, Na, Ni, Pb, Sb, Se, Sr, Zn in raw sheep milk collected from areas with different environmental burden in
Slovakia. Samples were collected from three farms, one from Orava region (potentially undisturbed area) and two from Spi§ region
(slightly and heavily disturbed area) during the period of lactation. Analysis of the elements was performed using an inductively coupled
plasma-optical emission spectrometry with axial plasma configuration and with auto-sampler SPS-3. Statistical significant differences (P
< 0.05) were found in concentrations of following elements: Al, As, Ba, Ca, K, Li, Sr, and Zn. Calcium, potassium, sodium, and
magnesium were most represented in samples from all monitored farms. The highest element variation was found in sheep milk samples
from the heavily disturbed area. This fact confirmed the quality of monitored areas according to environmental regionalization by The
Ministry of the Slovak Republic and the Slovak Environmental Agency. Heavy metals found in the heavily disturbed area do not represent
any concerns according to European legislation, except lead, for which the mean concentration represents 0.02 mg/kg. This value was set

by EC Regulation no. 1881/2006 and Codex Alimentarius as the level of the permitted limit of concentration of Pb in milk.
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INTRODUCTION

Rich nutritional profile, good accessibility, and preferred taste by consumers are
the main reasons why milk represents a significant role in human nutrition
(Saribal, 2020; Pompilio et al., 2021). Milk and dairy products contain quality
proteins, essential fatty acids, and micronutrients (Licata et al., 2004; Kapila et
al., 2013) including several bioactive compounds that play a vital role in
biochemical and physiological functions (Boudebbouz et al., 2022). Children
require calcium, magnesium, and potassium for normal metabolism, growth, and
development (Oana et al., 2016; Zhou et al., 2017) and milk and dairy products
are excellent sources of these elements (Gaucheron, 2011). It is beneficial to
human health to consume milk regularly (Srbely et al., 2019). The intake of milk
and dairy products contributes to building bones mass (Fardelonne, 2019;
Ratajczak et al., 2021), positive effects on bone mineral density have been found,
as well as reduced fracture risk in some populations (Melse- Boonstra, 2020). But
sufficient consumption of milk contributes to maintaining muscle mass even in the
elderly (Hanach et al., 2019), prevents civilization diseases such as cardiovascular
diseases (Guo et al., 2017; Thorning et al., 2016), metabolic syndrome (Lee et
al., 2018), obesity (Lu et al., 2016; Thorning et al., 2016) and cancer (Aune et
al., 2017; Zang et al., 2015), and has an overall favorable effect on the life and
well-being of a person. Komada et al. (2020) mentioned that regular consumption
of milk even supports quality of sleep. Thorning et al. (2016) state there is
increasing evidence suggesting that especially fermented dairy products, cheese
and yogurt, are associated with a reduced risk of diabetes type 2. Dairy foods have
a significant role in sports nutrition too (Beigrezaei et al, 2022). Due to allergy to
milk protein or lactose intolerance, skipping milk and dairy products is the
relatively current trend in the population. Allergy to milk protein ranges in the
population at the level of 2-6 % (Caffareli et al., 2010) and experts agree in
favoring the consumption of lactose-free products over the complete exclusion of
milk and dairy products (Heyman, 2006; Harvey et al., 2018). According to
WHO (2006), children younger than 11 years old should consume 2-3 portions of
dairy products per day. Nonbovine milk products mainly from goats, sheep, camel,
and donkeys have recently attracted attention for their nutritional, health-
promoting, and processing properties (Ciliberti et al., 2022). Recently, it is
becoming more common for sheep and goat milk and cheese to be consumed
locally, mostly bought from small farmers (Kovacova et al., 2021). As compared

to cow milk, sheep milk has higher monounsaturated fatty acids and
polyunsaturated fatty acids (PUFA), as well as smaller fat globules (Balthazar et
al., 2017). The levels of Ca, P, Mg, Zn, Mn and are higher in sheep milk than in
cow milk, while the opposite trend appears to be the case for potassium and sodium
(Park et al., 2007). The content of macroelements and microelements in milk can
vary significantly. Their amount depends on many factors, such as the age of the
dairy ewe, health status, lactation period, breeding, season or feed quality, but also
the method of milk processing, production process, fermentation, or possible
fortification (Bakircioglu et al., 2018; BilandZi¢ et al., 2015; Garcia et al., 2006;
Wang et al., 2014). Essential elements play an important role in metabolic
functions such as maintaining pH homeostasis, osmotic pressure, nerve
conduction, and muscle contraction (Bakircioglu et al., 2016). Inadequate intake
of macroelements (Ca, Mg, K, Na), either insufficient or excessive, is associated
with serious health problems such as hypertension, osteoporosis, cardiovascular
diseases, and others (Bilanzi¢ et al., 2015). Milk and dairy products are considered
to have little health risk (Licata et al., 2012) and do not contain heavy metals
naturally. However, metals such as cadmium, chromium, nickel, lead, and others
can contaminate the environment and thus also the feed and subsequently pass into
milk and dairy products and cause various health problems to humans and animals
as well sooner or later. Many hazardous elements or compounds accumulate along
the trophic chain due to the increase in urban, agricultural, and industrial emissions
(Bansal, 2020; Boudebbouz et al., 2022; Khan et al., 2014). In addition, it has
been reported that heavy metals can contaminate raw milk through materials and
machines used in milk processing and distribution. Koyuncu and Alwazeer
(2019) state that processed milk is reported to have higher concentrations of heavy
metals compared to raw milk. The presence of toxic elements even in low
concentrations during regular consumption can pose adverse health effects, lead to
metabolic disorders, negatively influence the development or function of organs,
and even cause the outbreak of illness (Girma et al., 2014; Khan et al., 2014). As
a result of the accumulation of toxic elements, growth disorders, mental
retardation, and neurological and cardiovascular diseases can occur (Jaishankar
et al., 2014). High levels of cadmium and lead are determined in many studies
dealing with monitoring the content of heavy metals in dairy products (Totan and
Filazi, 2020). Of all the heavy metals, lead and cadmium have prompted the most
concern (Zhou et al., 2017; Rahimi, 2013). These elements are more often found
in samples from areas where there is a higher rate of industrial activities in the
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vicinity (Swaileh et al., 2009) Since lead and cadmium have no known beneficial
role for animals and plants, they cause adverse health effects, other metals, like Zn,
Cr, Cu and Fe, are essentiall elements for the human body; each of them plays a
crucial role in metabolism, as well as in biochemical processes. Nevertheless, their
presence at high concentrations in animals and subsequently in the human body
may harm human health as well (Boudebbouz et al., 2022). Despite being
recommended to consume more milk and dairy product, children are more
susceptible to the cumulative effect of heavy metals, because toxic elements can
build up in the tissues easier during development. (Rahimi, 2013). Accumulation
of heavy metals occurs at any age, but the highest predisposition for accumulation
is in the first 13 years of life, which may also be because of the development of the
organism, children consume more food per unit of body weight compared to adults
(ENHIS, 2007). It is therefore crucial to monitor the level of toxic elements in milk
and dairy products, which are a major source of nutrition, particularly for children.
The European Union defines a maximum level of heavy metals in milk (EC No
1881/2006). Concentrations of elements are one of factors which determine
nutritional value of milk and dairy products. (Zhou et al., 2017). The absence of
heavy metals in milk is considered as a direct indicator of its safety and quality of
hygienic processing and an indirect indicator of the level of contamination and
environmental pollution (Gonzalez-Montana et al., 2012). Since higher content
of toxic elements in environment and consequently in animal products such as milk
is expected in areas with higher level of contamination, the presented study aimed
to determine the content of essential and toxic elements in samples of sheep milk
collected from three farms in Slovakia from areas with different environmental
burden according to the environmental regionalization of the Slovak Environment
Agency and to determine if the usage is suitable for human consumption.

MATERIAL AND METHODS
Collections of samples

The occurrence of 22 chemical elements - essential elements (Ca, Co, Cr, Cu, Fe,
K, Li, Mg, Mn, Mo, Na, Se, Zn) and toxic elements (Ag, Al, As, Ba, Cd, Ni, Pb,
Sh, Sr) in sheep milk from three selected farms were monitored. The Ministry of
the Slovak Republic and the Slovak Environmental Agency has determined the
environmental regionalization of Slovakia. In the country, there are three types of
environmental quality: regions with potentially undisturbed areas, regions with
slightly disturbed areas, and regions with heavily disturbed areas. (Klinda et al.,
2016; MESR and SEA, 2018). Orava region, which is located in the northern part
of Slovakia, near the border with Poland, represents a potentially undisturbed area.
The area is specific to a mountainous country and lower representation of the
industry. Farms from the slightly disturbed area and heavily disturbed area are both
from Spi§ region. The location is shown in Figure 1. Near the farm from the heavily
disturbed area the metallurgical factory, specializing specifically in the production
of refined copper is located and it has a huge impact on the quality of the
environment. Farms from potentially undisturbed area and slightly disturbed area
uses a conventional type of farming, while farm from the heavily disturbed area is
an ecological farm. In Orava, there are 750 ewes of the Slovak dairy sheep breed,
in Spis (slightly disturbed area) 300 ewes of the improved valachian breed, and
(heavily disturbed area) 450 ewes of the improved valachian breed x lacaune.

Potentially undisturbed
area (Orava region)

Slightly disturbed area

Heavily disturbed area
(Spi$ region)

(Spis region)

Figure 1 Environmental regional classification of Slovakia (MESR and SEA,
2018). Note: Three investigated farms are marked.

Samples preparation

From each farm, samples of sheep milk were collected every two weeks during the
period of lactation (from May to October) for one year (in 2021 from the
undisturbed and slightly disturbed areas and in 2022 from the heavily disturbed
area). In Spis region, we collected 11 samples from the heavily disturbed area and
12 samples from the slightly disturbed area, and 10 samples from potentially
undisturbed area of Orava region were taken, 33 samples in total. Samples were
taken from milk tanks as representative of all individuals and stored in freezers at

-18C until analysis was carried out. First, a homogenization, as preanalytical
procedure was performed. The experimental samples weighed between 1.0 and 2.0
g, which was reflected in the measurements.

Analysis of samples

Analysis of the elements was determined using an inductively coupled plasma-
optical emission spectrometry with axial plasma configuration and with auto-
sampler SPS-3. In the beginning, samples were mineralized in the high-
performance microwave digestion system Ethos UP (Milestone Srl, Sorisole, BG,
Italy) in a solution of 5 ml HNOs > 69.0% (TraceSELECT®, Honeywell Fluka,
Morris Plains, USA), 1 ml H202 > 30%, for trace analysis (Sigma Aldrich, Saint—
Louis, Missouri, USA), and 2 ml of ultrapure water 18.2 MQ cm —1; 25°C, Synergy
UV, Merck Millipore, France). The method of determination consists of heating
and cooling phases. Analysis of the elements was carried out using an inductively
coupled plasma—optical emission spectrometer (ICP OES 720, Agilent
Technologies Australia (M) Pty Ltd.) with axial plasma configuration and with
auto140 sampler SPS-3 (Agilent Technologies, Switzerland). Detections limits
(ng/kg) of measured trace elements were followed: Ag 0.3; Al 0.2; As 1.5; Ba 0.03;
Ca 0.01; Cd 0.05; Co 0.2; Cr 0.15; Cu 0.3; Fe 0.1; K 0.3; Li 0.06; Mg 0.01; Mn
0.03; Mo 0.5; Na 0.15; Ni 0.3; Pb 0.8; Sh 2.0; Se 2.0; Sr 0.01 and Zn 0.2. and
wavelength of determination (nm) follows Ag 328.068; Al 167.019; As 188.980;
Ba 455.403; Ca 315.887; Cd 226.502; Co 228.615; Cr 267.716; Cu 324.754; Fe
234.350; K 766.491; Li 670.783; Mg 383.829; Mn 257.610; Mo 204.598; Na
589.592; Ni 231.604; Pb 220.353; Sh 206.834; Se 196.026; Sr 407.771; and Zn
206.200. The legitimacy of the whole method was verified using the certified
reference material. Details of the instrumental operating conditions are listed in
Table 1. We used the same quality assurance measures, instruments, and laboratory
method as in our previous study (Toman et al., 2021).

Table 1 The operating parameters of determination of elements by ICP-OES

Parameter Value
RF Power [kW] 1.30
Plasma flow [L/min] 15.0
Auxiliary flow [L/min] 1.50
Nebulizer flow [L/min] 0.85
Replicated read time [s] 5.00
Instrument stabilization [s] 15
Sample uptake delay [s] 25
Pump rate [rpm] 15
Rinse time [s] 10

Statistical analysis

Program Statistica Cz A version 10 (TIBCO Software, Inc., Palo Alto, CA, USA)
was used to analyze all results of this study. The obtained results are presented as
mean values with standard deviation - descriptive statistics using one-way
ANOVA were calculated. Differences in concentrations of the analyzed elements
in sheep milk between farms were compared using Sheffe’s test. Statistical
significance was defined as P < 0.05.

RESULTS AND DISCUSSION

According to available information, most studies dealing with the occurrence of
elements in milk in Slovakia are devoted to sheep's milk. Table 2 shows detected
concentrations of essential and toxic elements in raw sheep's milk collected from
farms in areas with different environmental burden in Slovakia. Farm in the slightly
and heavily disturbed area are located in Spi§ region and farm from Orava
represents the region with the potentially undisturbed area. For clarification and to
simplify the interpretation of the results (because two farms from areas with
different environmental burden come from the same region) nomenclature of
environmental regionalization of Slovakia by The Ministry of the Slovak Republic
and the Slovak Environmental Agency were used (MESR and SEA, 2018).

Calcium (Ca), Sodium (Na), Potassium (K), Magnesium (Mg)

The order of the first four elements according to the occurrence was the same for
all monitored farms: Ca > K > Na > Mg. There has been evidence that calcium,
potassium, magnesium, and sodium are dominant elements in milk in other studies
as well (Chen et al., 2020). Due to the high level of variability (wide ranges and
high standard deviations over the mean values) in mineral contents, comparing
milk and dairy products from different species, areas, and farming methods may
be more challenging. Diet, breed, individual animal, lactation stage, season of the
year, environmental conditions, etc., all mentioned factors affect the mineral
content of milk (Navarro-Alarcén et al., 2011). Among the nutrients that come
from dairy, calcium has been the most extensively studied since it is mostly
associated with milk consumption. (Bilandzi¢ et al., 2019; Melse — Boonstra,
2020). By Silva and Smetana (2022) in animal products, the highest concentration
of Ca comes from sheep milk, which contain almost 200 mg Ca per 100 g.
Normally, 40 % of the calcium from dairy sources is absorbed, with higher
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absorption in children and lower absorption in the elderly. The absorption of
calcium can be influenced by dietary factors. Milk contains phosphopeptides,
which are products of enzymatic hydrolysis of casein; alpha-lactalbumin and beta-
lactoglobulin, both whey proteins and lactose, which help to increase calcium
absorption during digestion (Melse-Boonstra, 2020). Concentrations of calcium
dominated among all elements in raw sheep's milk from tanks from all monitored
areas. We found the highest concentrations of Ca (1654.98 mg/kg) in samples from
the heavily disturbed area from a farm with ecological management. However, this
concentration was significantly higher (P < 0.05) only in comparison with the
concentration of Ca (1426.24 mg/kg) in samples from the potentially undisturbed
area and not in comparison with the concentration of Ca (1541.56 mg/kg) in
samples from the slightly disturbed area. PSenkova et al. (2022) and PSenkova
and Toman (2020) found in their studies higher calcium concentrations in samples

of sheep's milk from the undisturbed area, in the Orava region, compared to our
results. The concentrations they found are more in line with the average
concentration in our samples from the heavily disturbed area. Antunovi¢ et al.,
(2011, 2020) detected even higher concentrations in sheep's milk in Croatia. The
highest concentrations of Ca were found in three regions in Austria as well (Mayer
and Fiechter, 2012). The consumption of raw sheep milk is rare in Slovakia, but
hypothetically with average consumption of milk (0.13 kg/day), our samples fulfil
daily recommended dose of calcium in the following percentage and order: 26 %
from potentially undisturbed area, 29 % slightly disturbed area and 31 % heavily
disturbed area for children and 14 %, 15 % and 17 % for physically hard-working
men. Recommended doses for Slovak population are listed in table 3.

Table 2 Mean concentrations of chemical elements in sheep's milk from three areas in Slovakia with the different environmental burden

(mg/kg).
Element Region with potentially Region with slightly Region with heavily
undisturbed area disturbed area disturbed area
n=10 n=12 n=11
x+ SD x+ SD x+ SD
Ag 0.004 + 0.002 ND ND
Al 1.38 £0.86° ND 0.53+0.56%
As 0.06 +0.08% ND 042 +0.15%
Ba 0.01 £0.02*° 0.15+0.04>¢ 0.28 £0.12"°¢
Ca 1426.24 +136.012 1541.56 = 69.04 1654.98 +92.942
Cd ND ND ND
Co ND ND ND
Cr ND ND ND
Cu ND 0.15+0.05 0.14+0.14
Fe 1.57 £0.28 1.98 +0.75 2.05+0.39
K 858.38 +104.942 946.35+110.89 ° 1062.08 + 87.832"
Li 0.01 +0.002% 0.03 £0.02° 0.07 £0.03*°
Mg 135.80 £ 11.67 140.29 +21.40 151.53 +14.07
Mn ND 0.06 +0.02 0.06 +0.01
Mo ND ND 0.002 £ 0.01
Na 405.74 +38.45 450.00 + 153.76 457.86 £ 99.04
Ni ND ND 0.09 +£0.07
Pb ND ND 0.02 £0.03
Sh ND ND 0.07 £0.06
Se 0.19+0.14 ND 0.15+£0.16
Sr 0.90 +£0.12?2 0.94+0.18 1.11+£0.202
Zn 4.19 £+ 0.46% ND 4.97+0.79°

SD - standard deviation; * ¢same index in the row for the same element indicates statistically significant difference between compared regions (P<0.05);

ND - concentrations are below the LOD (limit of detection)

Table 3 Recommended daily intake of essential elements for population of the Slovak Republic (group with the lowest and highest requirement) (Kajaba et al., 2015).

Ca Cu Fe K* Mg Mn* Na* Se Zn
Children (4-7 years old) 700 mg 800 pg 9mg 1300 mg 120 mg 1,5-2mg 500 mg 25 ug 5mg
Hard-working men (19-34 years old) 1300 mg 1800 pg 12 mg 4000 mg 420 mg 2-5mg 1500 mg 75 ug 16 mg

*values from DACH recommendation, no official recommended daily intake is set for these elements in Slovak Republic

Goat and sheep milk contain higher levels of potassium than other cattle,
concentration of K in different types of milk is in decreasing order: goat > sheep >
cow > camel > buffalo > human (Miedico et al., 2016). The potassium content
(1062.08 mg/kg) was significantly highest in samples from ecological farms
compared to other monitored regions. Higher concentrations of element K were
found in samples of sheep's milk from Croatia (Antunovi¢ et al., 2011, 2020) and
Austria (Mayer and Fiechter, 2012) while Toman et al. (2021) report lower
values in Slovakia, in the Orava region. In the comparison of K level in goat milk
from an ecological farm from region Orava, the concentration of K was higher than
in all sheep milk samples in the present study, but in goat samples from a
conventional farm from region Stredné Povazie, the mean concentration of K was
higher than in our samples from the farm from a region with the potentially
undisturbed area but lower than in our samples from slightly and heavily disturbed
areas (Almasiova et al., 2023). Average consumption of milk from potentially
undisturbed area would provide 8 % of recommended dose of K for children, milk
from slightly disturbed area would provide 9 % and from heavily disturbed area
would provide 10 % for children, while for hard-working men it would be 3 %
from all farms. According to some studies, potassium has a preventive effect
against hypertension (O"Halloran et al., 2016). Monitoring the potassium and
sodium content in milk also has a preventive character within the health status of
animals (Capcarova et al., 2019). Together with calcium, magnesium is the most
important element of bone health (Capcarova et al., 2019). Oh and Deeth (2017)
state that milk and milk products are one of the main sources of magnesium in the
diet today. Recent meta-analyses also signal the importance of adequate
magnesium intake in the prevention of metabolic syndrome (La et al., 2016;
Sarrafzadegan et al., 2016.) Concentrations of Mg in our samples (135.80 mg/kg,
140.29 mg/kg, 151.53 mg/kg are higher than from previous Slovak studies
(PSenkova and Toman, 2021; PSenkova et al., 2022), but also lower in
comparison with samples from Austria (Mayer and Fiechter, 2012) and Croatia

(Antunovié et al., 2020). According to our results, when consuming 0.13 kg milk,
children receive 15 % of recommended daily intake of Mg from potentially
undisturbed and slightly disturbed area and 16 % from heavily disturbed area,
while adult hard-working male receives 4 % of recommended daily intake from all
monitored areas.

Iron (Fe), Copper (Cu), Manganese (Mn), Selenium (Se)

Iron is essential for maintaining proper cell function and it is involved in the
transport of respiratory gases (Lieu et al., 2001). Milk is not considered as a good
source of iron and its low concentrations in milk do not meet human needs, but its
presence in milk has been shown to have a positive effect on inhibiting the growth
of bacteria (Bailey et al., 2011). The measured concentrations of Fe in samples of
sheep milk were as follows: 1.57 mg/kg in samples from the potentially
undisturbed area, 1.98 mg/kg in samples from the slightly disturbed area, and 2.05
mg/kg in samples from the heavily disturbed area. Kandhro et al. (2022) describe
that the levels of Fe were significantly lower in milk samples of all selected cattle
(cow, buffalo, goat, sheep, and camel) used in his study than in other food
commodities. Raynal-Ljutovac et al. (2008) mentions that ewe milk has the
highest Fe level among the types of milk. The contents of Fe in our samples were
higher than in goat milk from Italy (Miedico et al., 2016), China (Zhou et al.,
2017; Chen et al., 2020), and Croatia (Antunovic et al., 2020). Concentrations of
iron in goat milk from Slovakia were lower only in comparison with our samples
from farms from slightly and heavily disturbed areas (Almasiova et al., 2023).
Since iron levels are lower than the recommended dose, there is no risk of iron
toxicity for humans (Bigucu et al., 2016). Elements Cu, Mn and Se are esssential
for the human body, but their excessive consummation through diet could be toxic
and cause adverse health effects (ATSDR, 2004; ATSDR, 2012; Nogueira and
Rocha, 2011). Presence of Cu was detected in samples of sheep milk from region
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with slightly and heavily disturbed area in concentrations which are in agreement
with those reported in the literature (Chen et al., 2020, Bilandzi¢ et al., 2015;
Kodrik et al., 2011). Same situation happened in the case of Mn (Qin et al., 2009;
Enb et al., 2009), while Se was detected in samples from region with potentially
undisturbed area and region with heavily disturbed area. Concentrations of Se were
lower than Chen et al. (2020) found in his study but higher than PSenkova et al.
(2022) found in Orava region in Slovakia.

Silver (Ag), Cadmium (Cd), Cobalt (Co)

Concentrations of toxic elements Ag, Cd, and Co were found in all samples below
the limit of detection. In the study by Tunegova et al. (2018) in samples of sheep's
milk from Orava region (potentially undisturbed area) and Horma Nitra (heavily
disturbed area) in Slovakia, the content of As, Ni, Pb, and Cd was below the limit
of detection as well, although the mentioned elements were present in soil samples
from the given environment. In another Slovak study, the investigated Cd content
in sheep's milk was below the limit of quantification (PSenkova et al., 2022).

Aluminium (Al), Arsenic (As), Molybdenum (Mo), Nickel (Ni), Chromium
(Cr), Antimony (Sb), Lead (Pb), Lithium (Li)

In our study Al and As occurred below the limit of detection only in samples from
a slightly disturbed area, while concentrations of Mo, Ni, Cr, Sh, and Pb were
found only in samples from a heavily disturbed area. Nickel concentrations were
also below the LOD in previous studies in Orava (PSenkova and Toman, 2020;
Psenkova et al., 2022). Various range of monitored elements was found in samples
of ewe milk from the farm from a heavily disturbed area, which is confirmation of
environmental regionalization. A significant difference (P < 0.05) between the
concentration of Al (1.38 mg/kg) in samples from the potentially undisturbed area
and samples from the region with the heavily disturbed area (0.53 mg/kg) was
found. A significant difference (P < 0.05) between the concentration of As (0.06
mg/kg) in samples from the potentially undisturbed area and samples from the
region with the heavily disturbed area (0.42 mg/kg) was found. Concentrations of
only three elements, Ag, Cd, and Co were lower than the limit of detection in those
samples. Trace amounts of mentioned elements (Al, As, Mo, Ni, Cr, Sb) in samples
of sheep’s milk from the heavily disturbed area were captured, but in the case of
lead, the average concentration of 0.02 mg/kg in samples reached the level of the
permitted limit set by EC Regulation no. 1881/2006 and Codex Alimentarius
(2007). We found the presence of lead in 54% of samples, of which in five samples
its concentration exceeded the permitted limit 0.02 mg/kg. Evidence that even
regular and long-term consumption of low amounts of Cd and Pb can pose health
problems exists, as it is highly cumulative, causes pathological changes and these
elements are carcinogenic (Castro-Gonzales et al., 2019; Amegah et al., 2021).
In previous studies, the above-limit lead concentration was also determined by
Toman et al. (2022) in the Orava region, although in other studies from Orava, the
lead content was below the detection limit (PSenkova and Toman, 2020;
Psenkova et al., 2022). Generally, sheep's milk contains higher levels of lead and
cadmium than cow's and goat's milk. Oana et al. (2016) confirmed the hypothesis
that cadmium and lead are mostly associated with the protein fraction (casein
fraction). A high level of lead in the soil can cause an increase in its content in feed
and subsequently in milk (Bocquet et al., 2021; Koyuncu and Alwazeer, 2019).
Patra et al. (2006) based on the significant negative correlation of the lead level
with the concentration of copper, cobalt, and iron in the blood of cows in the
vicinity of industrial units, assumed that the increased level of lead in milk can also
affect the resulting profile and concentrations of trace elements of milk.
Subsequently, in another study, higher concentrations of lead, but also copper,
cobalt, and iron were determined in milk samples from an area near an operational
lead-zinc smelter and steel mill compared to the control group (Patra et al., 2008).
There are many studies where higher lead content was detected than this limit as
well, for example from Pakistan, Mexico, Croatia, and Hungary (Kazi et al., 2009;
Suturovi¢ et al., 2014; Pompilio et al., 2021; Poti et al. 2012). A significant
difference (P < 0.05) between the concentration of Li was found in samples from
region with heavily disturbed region (0,07 mg/kg) and both remaining regions —
0,01 mg/kg in samples from potentially undisturbed region and 0,03 mg/kg from
region with slightly disturbed area.

Barium (Ba), Strontium (Sr)

A significant difference (P < 0.05) in the concentration of Ba were found in
samples from all regions. Concentrations of Ba were as follows: 0.01 mg/kg in
samples from potentially undisturbed areas, 0.15 mg/kg in samples from the
slightly disturbed area, and 0.28 mg/kg from the heavily disturbed area. Barium is
a physiological antagonist of potassium. In foods of animal origin, the
concentration of barium is relatively low (Oskarsson, 2015). To characterize the
danger of barium, the value of the total daily intake of 20 pg/kg of body weight
was selected as an indicative value for health (WHO, 1990). The dose at which
adverse effects could be expected has not been determined. According to Pearson
and Ashmore (2019), due to the conservatism in setting this value, barium is not
considered to be an element that affects human health through the food chain. The
content of barium and strontium in milk and milk products has not been determined

in a large number of available studies. The concentration of strontium (1.11 mg/kg)
in samples from the heavily disturbed area was significantly higher (P < 0.05) only
in comparison with the concentration of Sr (0.90 mg/kg) in samples from the
potentially undisturbed area and not in comparison with the concentration of Sr
(0.94 mg/kg) in samples from the slightly disturbed area. As a calcium antagonist,
strontium accumulates in the bones, which is particularly unpleasant if it occurs in
childhood. In adults, it adheres to the surface of the bones, in children it can be
used to form the mineral part of the bone and thus it is stored in the body for many
years. If calcium and protein are deficient in a child's diet, strontium can cause poor
bone growth The presence of strontium in samples is recommended to take into
account with sufficient consumption of calcium. (ATSDR, 2020; Saribal, 2020).
To characterize the danger of strontium to health, the tolerable daily intake value
of 130 pg/kg of body weight, established by the WHO (2010), was chosen as an
indicative value.

CONCLUSION

According to the results of the sample analysis of raw sheep milk, we can conclude
that there are marked differences between the samples from areas with different
environmental burden, as expected. This fact confirms the quality of environmental
regionalization by The Ministry of the Slovak Republic and the Slovak
Environmental Agency. The very low concentrations (below the limit of detection)
of toxic elements in sheep milk from potentially undisturbed area and slightly
disturbed area proved that the level of environmental contamination in the selected
area of Slovakia is low, and milk produced in this part of Slovakia has a high
nutritional value, whether consumed directly or further processed, it is safe for
consumption and helps to ensure adequate nutrition. On the other hand, more heavy
metals in samples from the heavily disturbed area were found in comparison with
others farms. Their concentrations were in accordance with permitted limits by
European Union, or relevant limit was not established yet, except lead, for which
the mean concentration represents 0.02 mg/kg. This is the most fundamental
finding in the present study because this value represents the level of the permitted
limit set by EC Regulation no. 1881/2006 and Codex Alimentarius General
Standard for Contaminants and Toxins in Food and Feed (Codex Stan 193-1995).
The next results of this study is content of essential elements such as Ca, K, and
Mg which was higher in samples from the region with the heavily disturbed area.
Concentration of Ca was significantly higher in farm from area with heavily
disturbed area in comparison with farm from potentially undisturbed area, while
concentration of K was significantly higher in comparison with both remaining
farms. According to these results, further monitoring for the presence of heavy
metals in milk is recommended, followed by consideration of regular consumption
of sheep's milk and dairy products from heavily disturbed area, if appropriate.
Considering the results, we can assume that regular long-term consumption can be
even more dangerous for vulnerable groups, but further health risk assessment
could be beneficial and more informative.
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