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Abstract

Medicinal plants are very useful plants for humans with the various molecules and vitamins they contain. Most of the plants that
grow spontaneously in nature were taken into agricultural production practices after their healing properties were discovered. The use
of pure active ingredients obtained from plants is quite common. These effective compounds are also used by the pharmaceutical
industry in the preparation of modern drug formulations. However, possible high levels of natural radionuclides in medicinal plants,
particularly ®Ra, ?**Th and “°K, have upraised anxieties regarding radiological risks from plant consumption. In this study, the
natural radionuclide activity concentrations of 8 commonly used medicinal plants in the Eastern Anatolia Region of Turkey were
determined by gamma spectrometric method using Nal(Tl) detector. The results of the analysis showed that the mean activity
concentrations of 22°Ra, 2*2Th and “°K in medicinal plants were 21.05+2.80 Bq kg™, 55.99+4.32 Bq kg™ and 908.29+11.86 Bq kg™,
respectively. Mean transfer factor (TF) values from soil to plant were found to be 0.59, 0.88 and 1.52 for ?®Ra, *Th and “K,
respectively. This present study shows that the use of these examined medicinal plants in the treatment of diseases will not pose any
radiological health risks for humans.

Keywords: Medicinal plants, Natural radionuclides, Activity concentration, Transfer factor, Nal(TI) detector

Introduction to-plant transfer factor (TF) is a significant factor that
can be utilized to determine the peripheral influence
Plants provide the oxygen and nutrients necessary for owing to, radioactivity in the soil. Various studies have
human life to survive and maintain health. Since the been carried out in the world on the transfer of natural
beginning of human history, medicinal herbs have been radionuclides from soil to plant (Chandrashekara and
widely used in all societies and age groups for the Somashekarappa, 2015; Saenboonruang, Phonchanthuek
treatment of some simple diseases and for people to lead and Prasandee, 2018; Asaduzzaman et al., 2014; Jazzar
a healthy life. Medicinal and aromatic plants are used in and Thabayneh, 2014). In some studies, the
many areas of use such as drugs and cosmetic products concentration of natural radioactivity and associated
used in modern medicine (Acibuca and Bostan Budak, effective dose levels for *®Ra, #?Th, “K and 'Cs
2018; Akyiiz, 2021). Plants convert water, minerals and radioisotopes were measured on agricultural lands,
some elements from the soil into compounds that can be fertilizers and plant samples (grain crops, vegetables,
assimilated by the human body in their metabolism. medicinal plants and etc.) from different countries in the
Examples of essential nutrients are carbohydrates, world (Al-Hamarneh et al., 2016; Bilgici Cengiz and
proteins, fats, vitamins, and minerals. These are mainly Caglar, 2019; Jibiri, and Fasae, 2012; Uchida and
active substances used in plant metabolism (Faydaoglu Tagami, 2007; Asaduzzaman et al., 2014; Absar et al.,
and Siiriiciioglu, 2011; Gazioglu, 2018). 2021; Bilgici Cengiz, 2019; Alfred et al., 2014).
In spite of the advantages gained from herbs, excess Nowadays, people benefit from the principles brought by
concentrations of uranium, radium, and potassium modern medicine in the treatment of diseases, but also
radionuclide found in consumed plants incline to collect resort to herbal drugs used in alternative medicine.
in main body tissues like the lungs, kidneys, thyroid Plants collected especially by the people living in rural
gland, and muscles (Nakamura et al., 2009; Jevremovic areas in Turkey are used in the treatment of various
etal., 2011). The increase in radionuclide levels in plants diseases in the light of beliefs and traditions that have
and the risk of radiological exposure of living things been going on from the past. The purpose of this
have prompted researchers in many territories to investigation is to specify the levels of natural
examine the security of therapeutic plant consumption radionuclides in soil, which is of great importance in
(Chandrashekara and Somashekarappa, 2016; Monica et defining the environmental pollution level. Additionally,
al., 2020). Besides the activity concentrations, the soil- the aim is to evaluate the transfer factor (TF) from the
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soil to some selected medicinal plants often used in Kars,
Turkey and to evaluate the radiological risks related with
the usage of these medicinal plants.

Materials and Methods

Sample collection and preparation

Kars, one of the provinces with the highest altitude in
Turkey, has an average altitude of 1768 meters. Kars,
which has a terrestrial climate, is home to plateaus and
mountain meadows, which are considered to be
important ecological systems (Figure 1).

Approximately 1250 plants with seeds grow naturally
here. 100 of these plants are rare plant species that do not
grow anywhere else in the world. For example, Onosma
nigricaule examined in this study is one of them. In
addition, naturally grown herbs such as Rumeoc
patienta, Urtica dioica, Thymus, Rosa canina and
Chamomillae romanae are frequently consumed by
living things in this region (Ozgdkge and Ozgelik, 2004).
Eight medicinal plants weighing 2 kg were collected
from non-agricultural meadows, forest areas, along
streams and local farmers in Kars. The samples were
dried in open air for 8 days, afterwards an electrical oven
dried in the laboratory at 100 °C for 3 to 5 hours. The
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Fig. 1. Map of the studied area

dried samples were then pulverized with a mixer and
sieved through a 1 mm mesh to ensure homogeneity. The
powdered samples were placed in radon impermeable
polyethylene containers (2.5-inch high and 3-inch
diameter), weighed and coded. Soil samples were also
collected from the same locations where the plants
studied were grown. The examined medicinal plants
name and medicinal usage of examined plant parts is
shown in Table 1.

Four samples were used for radioactivity measurement
in each medicinal plant and corresponding soil. Almost
1.5 kg of upper layer of soil was taken from per station
from a profundity of 7-10 cm and engaged in nylon bags.
Unrelated materials such as root, lapidary, and inorganic
residue were removed from soil samples and then soil
samples were dried in an oven at 120 °C. The samples
were powdered, riddled through a 1 mm mesh sieve and
then closed in airtight polyethylene containers. Both soil
samples and medicinal plant samples were stocked in
polyethylene containers for 38 days to achieve secular
equilibrium between ?°Ra and %*Th with their daughter
nuclei (Akgay, 2021).
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Table 1. The names of medicinal plants examined, the way the plants are grown, the parts of plants examined and their

use in medicine

Name of plant Type gf Parts Medical use References
cultivation used
skin problems such as eczema, fungus, .
Rumeoc Naturally . . . . Siileyman et al.,
. Leaves  strengthening the immune system, rheumatic pain,
patienta grown ; 1999
menstrual pain
o Naturally increasing blood cwcul_amon, §trengt_hen|ng the Colak et al.,
Urtica dioica roWn Leaves immune system, protecting against diabetes and 2020
g cleaning the blood, oral and dental health
Naturally appetite enhqncer, dlge_stl_on, worm _reducer, removes Ustii and
Thymus Leaves gas and urine, psoriasis, coughing attacks and N
grown . . . Ugurlu, 2018
respiratory tract infections.
. Naturally . kidney disorders, edema, gout, sciatica, diabetes, Sarikaya et al.,
Rosa canina Fruit :
grown anemia, eyes health 2010
Petroselinum . cancer, diabetes, bone weakness, diuretic, bad Akram et al.,
. Cultivated Leaves
crispum breath, nausea. 2014
- . fatigue, headache, asthma, memory loss, and skin McKay and
Mentha piperita  Cultivated Leaves problems, indigestion Blumberg, 2006
Chamonmillae Naturall menstrual pain, diabetes, slowing osteoporosis,
y Flowers inflammation, insomnia, digestive system, stomach  Caliskan, 2010
romanae grown ulcer
O_no_sma Naturally Root the treatment of wounds and burns Bakur et al,,
nigricaule grown 2015
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Activity determination

Radioactivity measurements were made using a Nal (TI)
detector based on the gamma spectrometry system.
Before the measurements, an empty plastic sample
container was counted in the same way as the samples to
determine the background effects. A calibrated system
was used using a standard reference material (IAEA-
375) prepared by the IAEA (Altzitzoglou and Bohnstedt,
2016). Appropriate photopics at various energies were
taken into consideration and the activity concentrations
in the medicinal plant samples were determined by
selecting the appropriate area (ROI) regions for each
peak. The activity concentration “°Ra concentration was
detected by evaluating the gamma rays 609.3, 1120.3
and 1764.5 keV from “Bi. Likewise, 583 keV and
2614.5 keV gamma rays from *®T1 were used to specify
the 22Th activity concentration. The “K activity
concentrations were assessed from the 1460.8 keV
gamma line (Biira, Ochom, and Oryema, 2021). Samples
were counted over a period of approximately 86400
seconds. The spectrum was analyzed using an MCA
(Multi  Channel Analyzer) system and a personal
computer based on Maestro software (Bilgici Cengiz,
2020).

Plants take water, minerals, some elements and also
radionuclides from the soil. The soil-to-plant transfer
value was 600.20 + 14.3 Bq kg™. The average activity
concentration of **Th and “°K is estimated to be

factor (TFgitpan) s defined as the transfer of
radionuclides from the soil to the plant by plant roots.
TFsoiipiant Values were calculated according to Formula 1
using the radionuclide activity concentrations measured
of the plant and of the corresponding soil in which this
plant grows (Van et al., 2020; Ugbede et al., 2021).

ACplant (Bqkg™t, dry weight)
ACgoi1 (Bqkg™?, dry weight)

@

TFsoil—plant =

where TFgii-plants ACpiant, and ACs,; are the transfer factor
of the radionuclide, the activity concentrations of the
radionuclide in plant samples (Bgkg™, dry weight), and
the activity concentrations of the radionuclide in soil
samples (Bgkg™?, dry weight), respectively.

Results and Discussion

Activity concentration of radionuclides *°Ra, ?**Th and
K in soil and different parts of plants and their transfer
factors of soil to plant are presented in the Table 2.

The *°Ra activity range measured in the surface soil of
Kars city in the Eastern Anatolia Region of Turkey was
21.6 + 7.0 Bq kg™ to 37.7 + 6.8 Bq kg™ and an average
of 37.04 + 7.9 Bq kg™. The range of measured activity of
22Th for the soil samples was 38.6+7.5 Bq kg™ to
78.6£14.9 Bq kg~ with an average of 62.98+11.6 Bq
kg'. The *K activity concentration ranged from
485.2+11.3 Bq kg™ to 683.7+20.5 Bq kg™ and the mean
approximately twice and a half times the world average
of 30 and 400 Bq kg™, respectively.

Table 2. Average “®Ra, #?Th and “°K activity concentrations (in Bq kg™, dry weight) in medicinal plants and their
corresponding soils, and the transfer factors of these radionuclides from the soil to the medicinal plants

Average of activity concentration

Transfer factors

Sample name  Part of sample
ZZGRa 232Th 40K ZZGRa 232Th 40K
Soil 37.7+6.8 49.9+4.8 683.7+20.5
R“t'".”ec;c 0.48 1.06 155
patienta Leaves 17.99+3.2 53.0943.2 1056.28+14.2
o Soil 55.7+8.2 61.9+13.0 579.0+11.8
Urticadioica |\ 2282434 5936:4.0  999.68+15.0 0.41 0.96 1.73
Soil 41586 70.4+12.8 630.0+13.2
Thymus Leaves 2745452 609842  828.30+9.2 0.65 0.87 131
Soil 21.6+7.0 7454134 5752+13.4
Rosa canina 0.75 0.26 1.38
Fruit 16.39+2.2 19.74+3.7 795.82+9.8
petroselinum  SOi! 32.548.5 73.6+13.3 624.0+23 3 . i -
crispum Leaves 21.03+4.1 85.0145.6 949.23+15.2
Soil 45.8+8.4 56.3+13.2 666.5+£9.2
'V.'e””.‘ta 0.44 1.15 1.40
piperita Leaves 2022432 64.26+4.1 934.87+16.3
Soil 31.8+7.5 78.6=14.9 558.0+11.7
Chamomillae
romanae 1.02 1.07 1.73
Flowers 32.76+3.5 84.82+5.2 965.20+18.2
Soil 29.7+8.9 38.6+7.5 485.2+11.3
O.”O?mal 0.32 0.53 1.52
nigricaule Root 9.74+3 .8 20.63+5.4 736.90+£42.0
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However, the average activity concentration of ?°Ra was
found to be similar to the world average value of 35 Bq
kg™ (Mehra et al., 2007).

The activity concentration of **Ra in the medicinal
plants ranges from 9.74+3.8 Bq kg' (Onosma
nigricaule) to 32.76+3.5 Bq kg* (Chamomillae
romanae) with an average value of 21.05+2.80 Bq kg™
For the activity concentration of **Th, it varied from
19.74+3.7 Bq kg™ (Rosa canina) to 85.01+5.6 Bq kg™
(Petroselinum crispum) with an average value of
55.99+4.32 Bq kg’ in the medicinal plants. The K
activity concentration were ranged from 736.90+42.0 in
Onosma nigricaule to 1056.28+14.2 Bq kg™ in Rumeoc
patienta with an average value of 908.29+11.86 Bq kg ™.
The radioactivity content of various medicinal herbs has
been extensively studied in different parts of the world.
The results obtained in this study show that the average
values of ?°Ra, %*Th and “°K in Urtica diocia are higher
than the values reported in Serbia (Djelic et al., 2016).
Mean activity concentration values for ?*Ra in
Petroselium sativum and Tymus plants in Egypt were
found to be 42 and 90.88 Bgkg™, respectively, and these
values were higher than the values calculated for the
same herbs in this study (Ahmed et al.,, 2010).
Furthermore, “°K concentrations in medicinal plants have
been found to be higher than concentrations in medicinal
plants in other countries (Desideri, Meli and Roselli,
2010; Najam, Tafig and Kitah, 2015).

TF values for *°Ra, ?Th and “°K were found to have
the ranges of 0.32 - 1.02, 0.26 - 1.15, and 1.31 - 1.73
with average values of 0.32, 0.88, and 1.52, respectively.
The maximum TF for ?*Ra was found in Chamomillae
romanae and the minimum value in Onosma nigricaule.
It was observed that the accumulation of * Ra in
medicinal plants was higher in flowers than in the leaves
and roots of the plants examined. As can be seen from
Table 2, it was found that the %?Th radionuclide TF
value from the soil to the leaf part of the plants was
higher than the fruit and root parts of the plants. In the
root, leaf and flower parts of the plants studied, the
average in the root, leaf and flower parts of the plants
studied, the average TF values for “°K are significantly
higher than the TF values of other radionuclides,
indicating higher *°K uptake levels.

Djelic et al. reported that the average TF values for
2Ra, #?Th and “°K from soil to their examined
medicinal plants were 0.632, 0.320 and 1.760,
respectively. When compared these reported results with
the results we obtained from this study on medicinal
plants (Urtica dioica, Rosa canina, Chamomillae
romanae, and Mentha piperita), the results were in good
agreement meantime TFs of “°K were in similarity. The
average “?°Ra transfer factors from soil to medicinal
plants spied out in this search were approximately twice
as large as these reported values. Furthermore, they
found the TF average value of thorium in medicinal
plants is 0.320, which is inferior than the results acquired
in this present search (Djelic et al., 2016).
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The results obtained in the current study for medicinal
plants are higher than the published TF average value
(0.011) for thorium in grasses. (IAEA 1994). The mean
value of “°K transfer factors noticed in this search is
larger than the values reported in the published works in
several plants such as vegetables and fruits (Abdou,
Hegazy and Eissa, 2017; Shayeb et al., 2017).

The variations in the geologic position of the soils where
medicinal plants are grown or planted and the
radiochemical properties of these soils can be shown as
the reason for the differences found in the measurement
of the activity concentrations of the plants. In plants
grown in the same field, the activity concentration levels
of natural radionuclides may vary because the TF value
for different plants is different. Additionally, some
studies have found that even different parts of the same
plant have different TF values (Chandrashekara and
Somashekarappa, 2015, Jazzar and Thabayneh, 2014).

Conclusion

In this study, the activity concentrations of *Ra, **°Th
and “°K in some selected medicinal plants and related
soils where the plants are grown and the transfer factor
(TF) from the soil to the medicinal plants were evaluated
using gamma ray spectrometry. The results from this
study agree well with the literature when compared with
previous reports on various herbs that have been
extensively studied in different parts of the world.
Comparing our results, the average activity
concentrations of radionuclides in medicinal plants
showed that this ranking was “’K> #*?Th> ?Ra. The K
activity concentrations ranged from 736.90 £+ 42.0 to
1056.28 + 142 Bq kg' in the plants studied; the
concentration trend of this radionuclide was determined
as leaves = flowers> roots> fruits. 2*?Th ranged between
19.74+3.7 and 85.01+5.6 Bq kg'; the concentration
trend of these radionuclides is the following: flowers =
leaves > roots > fruits.

Also, as a result of calculating the soil-to-medicinal plant
transfer factor (TF) for all samples, both Urtica dioica
and Chamomillae romanae plants had maximum TF
(1.73 for “°K) while Rosa canina was minimum (0.26 for
2Th). Leaves and flowers had higher TFs than fruits
and roots, while “°K for TFs were higher than TF of
?2%Ra and also #*Th.

As a result of this study, which was carried out to
determine  the level of natural radioactivity
concentrations in different parts of these medicinal
plants used by the public in the treatment of diseases, it
was determined that people would not be exposed to any
radiological health risks due to the use of these plants.
The results of this study can be used by appropriate
authorities to provide initial values that may be useful in
making regulations for radiation protection. It may be
used in various research institutes to conduct breeding
research of different medicinal plants and also to develop
standards for the wuse of medicinal plants of
pharmaceutical production.
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