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Abstract

The industrial zone in Lukavac, a city in northeastern Bosnia and Herzegovina, is highly developed with
large industrial complexes such as a cement factory, a soda factory, and a fertilizer factory. The location of the
soil samples taken is next to the Tuzla-Doboj main road, near the cement factory and near the regulated Jala
river. The impact of lead as a heavy metal in the surface layers of the soil usually ranges from 2 to 100 mg/kg,
but lead is a strong pollutant of the environment and is toxic even in low concentrations. The population often
uses medicinal plants near the location of the soil samples from which they make tea and other preparations.
Also, near the location of the soil samples, there are artesian wells from which the population of Lukavac is
supplied with water. The samples showed that there is a concentration of lead in the soil for a neutral to slightly
basic pH ranging between 7.44 and 7.97. The paper analyzes the content of lead in oil and salve made from St.
John's wort plants from the locality of soil sampling and the relationship between the concentration of lead in the
soil and the mentioned St. John's wort preparations. The concentration of lead in oil and salve made from St.
John's wort was tested using the method of atomic absorption spectrometry. The influence of lead on soil
pollution and on the pollution of oil and salve made from St. John's wort plants are important from the aspect of
human health, but also from the aspect of infiltration of rainwater into the deeper layers of the soil, which also
pollutes the underground water at the location. The analyzes performed showed a higher concentration of lead in
St. John's wort salve than in oil made from the same St. John's wort plants for lead concentrations in the soil
between 4.60 mg/kg and 14.06 mg/kg.
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Introduction

Lead is one of the most dangerous heavy metals due to its toxicity but also due to its wide distribution in the
environment. Lead is found in soil, water and air, and therefore also in plants [1] [2]. The most common sources
of lead pollution are the proximity of roads and polluted air in industrial areas [4] [16], but also the food we eat
and the objects we use every day that may contain lead [8]. The share of lead from natural sources is small
compared to the share of lead in the environment that is created by anthropogenic activity [9]. Due to rapid
industrialization, lead exposure and its consequences are becoming a significant health problem in most
developing countries [1] [14]. It is also important not to neglect the possible pollution of groundwater, due to the
infiltration of rainwater into deeper layers of soil [10] [3].

Lead is classified as a group 2B carcinogen [11], which means that it is "possibly carcinogenic to humans",
and this carcinogenicity can be caused by several mechanisms, such as: chronic nephropathy, mitogenesis,
genotoxicity [13]. Its genotoxicity takes place mainly through indirect reactions with DNA, such as oxidative
stress [12]. Lead is very quickly absorbed into the bloodstream, and mostly affects the central nervous system,
cardiovascular system, immune system, bones and kidneys [18] [19]. Over time, lead accumulates in the human
body, which absorbs up to 15% of swallowed or inhaled lead, and children's bodies absorb up to 50% of
swallowed or inhaled lead. Given that it is divalent like calcium and zinc cations, it can interfere with many
cellular mechanisms and biochemical reactions in the human body, changing these cations [8] [15].

Accumulation of lead in plants and even in St. John's wort depends on the form in which lead appears. The
inorganic form of lead is difficult to accumulate and moves from the soil to the above-ground parts of plants,
while the organic lead compounds accumulate quickly and moves from the surface layers of the soil to the
above-ground parts of St. John's wort plants. Studies have shown that St. John's wort shows a high level of lead
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absorption, however, this depends on several factors, including the pH value of the soil, but also the potential
presence of other metals to which the plant is exposed [5]. It has been shown that metals usually have a higher
availability in acidic soils, since acids help the breakdown of metals into bioavailable free ions, while in alkaline
soils metals tend to form poorly soluble phosphates and carbonates [6] [7].

Norming the content of heavy metals in soil from the aspect of environmental protection is quite difficult
due to the problems related to taking into account all environmental factors. The standards do not take into
account the climatic characteristics of individual areas and regions. According to the World Health Organization,
the maximum permissible concentration of lead in soil is 85 mg/kg of soil, while agricultural soils can contain on
average about 10 mg/kg [17].

The soil at the analyzed location has a complex heterogeneous composition, so the development of a single
maximum permissible concentration is a rather difficult task. The assessment of the threat to soil from heavy
metals is carried out according to the purpose of the territory. Changes in soil acidity can significantly affect the
phytotoxicity of metals. The dependence of the generally permissible concentrations on the granulometric
composition of the soil is very important. The soil at the location of the samples taken is sandy soil.

The location of the soil samples taken and the St. John's wort samples from which the oil and salve were
made is located near the Lukavac cement factory, which is about 450 m as the crow flies, and from the Sisecam
factory, which produces soda ash, light soda and bicarbonate of soda, which are used as raw materials. for the
industrial production of glass and detergents, as well as for the production of chemical substances and textiles,
the location of the soil and St. John's wort samples taken is about 1000 m as the crow flies. The main road Tuzla-
Doboj is about 12 m away from the location of the soil samples and St. John's wort plants.

St. John's wort and its properties

St. John's wort is a perennial herb with an upright, branched stem up to 1 m high, which blooms throughout
the summer [20]. It is a very widespread plant species, growing wild in Europe and Asia, and has also spread to
Australia and North America. It has been present in the traditional medicine of many nations since ancient times
[2], including in traditional Bosnian and Herzegovina medicine. It can grow in groups or singly in sunny parts of
meadows, along roads, along forest edges and on uncultivated land. It is widely distributed in Bosnia and
Herzegovina. It is rarely cultivated in plantations, and it is mainly collected from nature on the market, so there
is a high probability of potential contamination with heavy metals, including lead. For this reason, quality control
of raw plant material and preparations based on St. John's wort is of great importance[21] [24].

Although St. John's wort is best known as an antidepressant that is most often prescribed in mild depressive
states [23], it is also used as a sedative, diuretic, analgesic, astringent and antipyretic [19] [20]. The most famous
St. John's wort preparation is St. John's wort oil, which has multiple uses in folk medicine. St. John's wort oil is
used for wound healing, for skin health, relief of burns, cuts and rheumatic pain [22].

According to some research, St. John's wort preparations can help with neurodegenerative diseases, such as
Parkinson's disease [25] and in the treatment of AIDS [24], and it is assumed that hypericin and hyperforin from
St. John's wort can increase the level of serotonin in the brain, and people suffering from depression often have
low levels of serotonin [26].

St. John's wort's medicinal value is quite extensive, and preparations and preparations from St. John's wort
are used in the form of tablets and teas, as well as in the form of oils, vagitories and creams. For the purposes of
this research, preparations of St. John's wort oil and cream were analyzed as well as the properties of the land in
the area of the industrial zone in Lukavac in Bosnia and Herzegovina, an area with highly polluted air and water.

Sampling of soil and St. John's wort

Soil sampling was done manually using a stainless steel knife on a field surface of 250 m? and at depths of 0
cm (field surface), 5 cm and 10 cm deep. St. John's wort plant samples are the above-ground part of the plant that
was divided into St. John's wort leaf and flower, they were taken from the same location and place where the soil
samples were taken.

Before sampling the land, a "recording" was carried out, that is, an inspection of the land based on which
the size of the sampling network was determined, which depends on the plant culture and the homogeneity of the
terrain surface. Based on this, three places on an area of 250 m? were selected, from which samples of St. John's
wort and soil samples were taken. The analyzed experimental plot of 250 m? is only with St. John's wort, the plot
is flat and without slope and of the same type of land, almost uniform soil color, without microdepressions, so
three representative soils and St. John's wort plants were taken. For each analyzed sample, 500 g of soil was
taken, in which the pH value and lead content were determined.
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The maximum permissible concentration of heavy metals in soil has a number of shortcomings, such as the
lack of a unified approach to establishing the maximum permissible concentration of heavy metals, including
lead, in soil, the complex interaction of heavy metals in soil is not taken into account, and there is a significant
difference in the standards for the maximum permissible concentration and the generally permissible
concentrations of heavy metals in soil.

Today, maximum permitted concentrations and tentatively permitted concentrations are used. Therefore, it
is advisable to compare the level of soil pollution with the approximate permissible concentration and maximum
permissible concentration of heavy metals, i.e. lead, in this research.

N~ 4 X g

Figure 1. Location of soli and St John’s wort sampling

St. John's wort was sampled at the beginning of August 2023 at the location of the industrial zone in the
town of Lukavac in Bosnia and Herzegovina. At the same time, from the same points, soil samples were taken in
which the pH value and lead concentration were tested. The aerial parts of the plant with flowers were taken
from St. John's wort, from which oil and cream were made.

Figure 2. St. John's wort at the sampling location
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Results of lead concentration in soil, St. John's wort plants and St. John's wort

preparations

On the basis of soil samples at the location of the industrial zone in Lukavac in the northeastern part of
Bosnia and Herzegovina, the concentrations of lead in the soil, the concentration of lead in the St. John's wort
plant and the pH value of the soil were determined. Three soil samples and three St. John's wort plant samples
were analyzed from the same place where the first soil sample was taken.

Table 1: Results of lead (Pb) concentration in soil and St. John's wort samples

SAMPLE NUMBER SOIL pH Pb IN SOIL Pb IN ST. JOHN'S
(mg/kg) (mg/kg)
1 7.97 7.56 0.020
7.69 14.06 0.026
3 7.44 4.60 0.019

According to the pH value of the soil, the analysis found that it is a neutral to slightly basic soil, while
the concentration of lead in the soil ranges from 4.60 mg/kg to 14.06 mg/kg. The concentration of lead (Pb) in
St. John's wort plants ranges from 0.019 mg/kg to 0.026 mg/kg.

The graphical presentation of the obtained results can be used to define corresponding changes in certain values,
i. e. changes in the concentration of lead in the soil and as a function of the concentration of lead in St. John's

wort plants from the aspect of the slightly basic soil environment.

Relationship between soil pH and soil Pb
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Figure 3. Diagram of the relationship between pH in soil samples and lead concentration in soil samples
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Figure 4. Lead concentration in St. John's wort plants (mg/kg)
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St. John's wort plants in which the lead concentration was determined in values of 0.019 mg/kg to 0.026
mg/kg were made into oil and salve as St. John's wort preparations with determined concentrations of lead in the
plants and in the soil. Based on the method of atomic absorption spectrometry (AAS) (BAS EN 13804:2015 and
BAS EN 14084:2005), the following lead concentrations were determined in oil and salve made from St. John's

wort plants, namely:

Table 2: Results of lead (Pb) concentration in oil and salve made from St. John's wort plants

SAMPLE NUMBER OIL FROM ST. JOHN’S SALVE FROM Pb IN ST. JOHN'S
(concentration Pb ST.JOHN’S (mg/kg)
in mg/kg) (concentration Pb
in mg/kg)
1 0.0023 0.0041 0.020
2 0.0025 0.0046 0.026
3 0.0022 0.0040 0.019
Pb concentration in St.John's wort
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Figure 5. Lead concentration in oil and salve made from St. John's wort (mg/kg)

From Figure 5, it can be seen that the change in lead concentration in the oil and salve made from St.
John's wort plants, which in their natural state at the site of the industrial zone in Lukavac had a lead
concentration ranging from 0.019 mg/kg to 0.026 mg/kg, can be described by a mathematical quadratic function
which quite realistically describes the given change in lead concentration.

Tests showed that there was a higher concentration of lead in the salve made from St. John's wort than
in the oil according to the AAS method. The reason for the increased concentration of lead in the salve is due to
the presence of heavy metals, including lead, in traces (in permitted concentrations) in the wax that was used to
make the salve. The wax (Cera alba) contained 0.0080 mg/kg of lead, which was also measured by the AAS
method (BAS EN 13804:2015 and BAS EN 14084:2005).

It is especially important to emphasize that the soil at the location of the soil samples and St. John's wort
plants is mostly loamy soil with a low content of loam, so that the maximum allowable amounts of lead in such
soil are from 0 mg/kg to 50 mg/kg. The soil samples had a lead concentration of 4.60 mg/kg to 14.06 mg/kg.
During rainfall, the amount of rain quickly infiltrates this type of soil, and this leads to lead concentration in the
subsoil and underground water. The level of underground water in the locality is at about 1.30 m during
significant water saturation of the soil and up to 3.00 m during the dry period in the summer days. On the basis
of these characteristics of the soil of the first level of groundwater, it can be concluded that there is a high
possibility of contamination of groundwater with lead concentrations. Nearby there is a regulated bed of the Jala
river as well as artesian wells for water supply to the population of Lukavac.

Conclusion

Based on the conducted analyses, it can be concluded that the concentration of lead in the soil at the
sampling location in the industrial zone of Lukavac influenced the presence of lead in the oil and salve made
from St. John's wort, however, very little lead was absorbed by St. John's wort. The reason for this is most likely
the slightly basic character of the soil, since it is known that heavy metals, including lead, have better biological
availability in more acidic soil. The concentration of lead in the soil could be lower compared to acidic soils, so
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there is still a risk of its transfer to the plant species, in the context of this study St. John's wort, and further into
products such as oil and salve, especially if it is taken into account its potentially greater bioavailability in acidic
soils. The results showed that the concentration of lead in the salve is higher than in the oil, which indicates the
possibility of a greater transfer of lead into these preparations, and potential risks for the health of people who
use these products, in the event that St. John's wort comes from a more polluted environment with a higher lead
content. Lead, as a highly toxic heavy metal, represents a serious environmental and health problem, especially
in industrial zones such as Lukavac, where soil, water and vegetation pollution is obvious. St. John's wort is a
widespread plant species, which is often used in Bosnian folk medicine, and St. John's wort is often used in
home-made herbal preparations, which are not controlled for the content of heavy metals. These results
emphasize the need for careful monitoring and quality control of medicinal plants used for the preparation of
pharmaceutical preparations, in order to reduce as much as possible the potential risks of the presence of toxic
metals in human nutrition and health. Of particular importance is the possible infiltration of rainwater through
permeable soil with the presence of lead, which further contaminates groundwater, the level of which is high on
days of higher precipitation. It is important to emphasize that at a distance of about 400 m as the crow flies, there
are 17 artesian wells that supply most of the population of the city of Lukavac with water, and in this way the
groundwater is additionally polluted.

There are no conflicting interests in this paper.

There was no funding for this paper.
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