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ABSTRACT

Medicinal plants have been used throughout history in the treatment of many diseases in trad-
itional Anatolian folk medicine as well as all over the world. The rapid increase in agricultural
and industrial activities due to the increasing population around the world causes air, water and
soil pollution, and accumulation of potentially toxic elements in medicinal plants. In this study,
plant mineral nutrients and potentially toxic elements analyzes were carried out in 38 plant spe-
cies belonging to the medicinally important families Asteraceae, Fabaceae and Lamiaceae. The
percentage of macroelements (in %) varies between 0.20 and 1.46 for calcium, 0.08 and 1.35 for
potassium, 0.04 and 0.24 for magnesium, 0.01 and 0.34 for sodium, while concentrations of
microelements and potentially toxic elements (in mg kg™') vary between 3.21 and 721.28 for
aluminum, 41.33 and 231.01 for boron, 0.01 and 0.61 for cadmium, 1.09 and 47.79 for chromium,
12.90 and 43.13 for copper, 17.75 and 1109.39 for iron, 51.50 and 715.48 for manganese, 0.12
and 9.42 for nickel, 1.58 and 22.11 for lead and finally 80.82 and 260.08 for zinc. In addition, esti-
mated daily intake (EDI), target hazard quotient (THQ), and hazard index (HI) for potentially toxic
elements, and Recommended Dietary Allowance (RDA) values for mineral nutrients were calcu-
lated. In some samples in industrial and mining areas, accumulation of some potentially toxic
elements was slightly above the permissible limits set by the World Health Organization (WHO).
In Summary, the importance of collecting medicinal plants from protected areas such as moun-
tainous rural areas, far from mining, close to clean rivers, and regular control of values with
potentially toxic elements analyzes for human health has been understood once again.
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Introduction medicine worldwide due to their medicinal prop-
erties.’! Asteraceae is the largest family of flow-
ering plants, including 1623 genera and

approximately 24,700 species spread all over the

Although the use of plants for medicinal pur-
poses in traditional treatment methods in history

has lost its former value due to technological
developments, the demand for natural products
has increased especially in recent years due to the
discovery of their medicinal properties and the
avoidance of chemical side effects of drugs. It is
known that 80% of the world’s population bene-
fits from medicinal plants against diseases and
more than 80,000 medicinal and aromatic plants
(MAPs) are used for medicinal purposes.'?!
Asteraceae, Fabaceae and Lamiaceae families
are the most important plant families used in the
treatment of various diseases in traditional folk

world except Antarctica.'¥! Many plant species
such as chamomile (Matricaria recutita L.), yar-
(Achillea  millefolium L.), dandelion
(Taraxacum L.) or wormwood (Artemisia
absinthium L.), which are members of the family,
are the most widely used plants in Taiwanese
folk medicine, Korean herbal medicine, Chinese
medicine, Nepalese medicine, Indian Ayurveda
medicine and anatolian folk medicine since they
contain essential oils, polyphenols, phenolic acids,
flavonoids, diterpenoids, lignans, saponins, sterols

row
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and polysaccharides.!” In addition, species such
as artichokes, lettuce, salsify, and sunflower have
been cultivated as edible and medicinal purposes
for nearly 3000 years since they are a rich source
of Ca, K, Mg, Na and vitamins A, B, C and D.
They are also used as cooking oils, leaf vegeta-
bles, sweetening agents, coffee substitutes and
herbal teas.!®”!

Fabaceae is the third largest land plant family
worldwide, with 751 genera and almost 19,500
species.'! The family is one of the most econom-
ically important cereal groups for world agricul-
ture after the Poaceae family.”®! Legume seeds are
preferred more than other grain products due to
their rich protein content and are seen as a food
source with high nutritional value (Food and
Agriculture Organization [FAO] http://www.fao.
org/pulses-2016/en/). In the family, there are
many species used as ornamental plants as well
as food, agricultural, chemical, and medicinal
drugs, lumber, paint, varnish, lacquer, glue, feed,
green manure production, which are very import-
ant for humans and animals.'”’

Lamiaceae family is a family known as medi-
cinal plant since ancient times and consists of
approximately 245 genera and 7886 species, most
of which are distributed in the Mediterranean
basin.!"”! Taxa belonging to the family such as
Salvia L., Scutellaria L., Stachys L., Plectranthus
L’Hér., Hyptis Jacq., Satureja L., Teucrium L.,
Vitex L., Thymus L., and Nepeta L. are used in
areas such as medicine, food, cosmetics, flavoring,
fragrance, perfumery, pesticide, and pharmaceut-
ical industries due to chemical compounds in
their leaves such as essential oils, aromatic com-
pounds, alkaloids, saponins, flavonoids, glyco-
sides, and phenols. In addition, basil (Ocimum
spp.), mint (Mentha x piperita L.), rosemary
(Rosmarinus officinalis L.), sage (Salvia officinalis
L.), savory (Satureja hortensis L.), marjoram
(Origanum majorana L.), oregano (Origanum vul-
gare L.), thyme (Thymus vulgaris L.), lavender
(Lavandula angustifolia Mill.) and perilla (Perilla
frutescens (L.) Britton) are grown for culinary
purposes.!'"'?!

Especially after the 19th century, due to rapid
urbanization, industrialization and population
growth with the industrial revolution, the
increased mining, urban or industrial solid, gas

and liquid wastes, pesticide and artificial fertilizer
use, paint industry, and exhaust gases have been
causing the release of excessive potentially toxic
elements to the nature and destruction of natural
habitats.!"***) Some of potentially toxic elements
are heavy metals, which pose a serious threat to
natural habitats, are elements that have toxic
effects on many living organisms through the
food chain by threatening air, water and soil
resources.!'®'”!

Heavy metals are elements and their ions with
a specific gravity greater than 5g/cm’, and they
belong to a large group defined as the transition
elements of the periodic table. Some of the heavy
metals are defined in agriculture as trace ele-
ments or micronutrients.'®! Heavy metals, such
as copper (Cu), iron (Fe), manganese (Mn),
nickel (Ni), and zinc (Zn), are considered essen-
tial trace elements or mineral nutrients for vari-
ous biochemical and physiological functions in
plants whereas, As, Cd, Hg and Pb can cause
harmful and toxic effects for both plants and
their consumers even at low concentrations.'*!
Toxicity levels may differ according to potentially
toxic element and organism type.l”’ In addition
to natural areas, medicinal plants grown in indus-
trial areas, roads and fields, and around polluted
water beds are contaminated by various polluting
[13:22] Among these potentially toxic ele-
ments, especially As, Cd, Cr, Ni and Pb accumu-
lated in the plant, they can pass directly or
indirectly to animals and humans, causing car-
diovascular diseases, digestive, excretory, nervous,
and respiratory system diseases, cancer and even
death.* %l 1t is, therefore, important to be alert
to potential sources of contamination in the areas
where the medicinal plants are collected, to col-
lect the medicinal plants from safe areas that are
known to be clean and protected, to take the
necessary precautions in places that may cause
possible contamination such as packaging, trans-
portation and storage and presentation stages
when reaching the consumer. In addition, it is
necessary to carry out potentially toxic element
analyzes on medicinal plants at the stage of con-
sumption at regular intervals.

The aim of this study was to determine the
levels of some potentially toxic elements includ-
ing chromium (Cr), cadmium (Cd), and lead

sources.
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(Pb), major and minor elements such as alumi-
num (Al), boron (B), calcium (Ca), potassium
(K), magnesium (Mg), sodium (Na), copper
(Cu*), iron (Fe*), manganese (Mn*), nickel
(Ni*), and zinc (Zn*) (elements indicated with
"*" are both essential elements and heavy metals)
in 38 plant taxa belonging to the families
Asteraceae, Fabaceae and Lamiaceae, which are
widely used in the Eastern Mediterranean region
of Turkiye. In this study, not only estimated daily
intake (EDI), target hazard quotient (THQ), and
hazard index (HI) for potentially toxic elements
and Recommended Dietary Allowance (RDA)
values were calculated for mineral nutrients but
also potentially toxic element levels in the medi-
cinal plants were evaluated by comparing the
obtained concentrations with the standard levels
for potentially toxic elements published by the
Food and Agriculture Organization & World
Health Organization (FAO/WHO), the American
Herbal Products Association (AHPA) and other
relevant organizations.

Due to many trace elements that play an
important role in the formation of active substan-
ces responsible for their medicinal properties, it
is very important to have information about min-
eral nutrients and potentially toxic element con-
tents in medicinal plants. In addition, these
medicinal plants can be potentially beneficial or
dangerous to people who consume these econom-
ically important plants. As a result, the current
status of these widely consumed medicinal plants
and whether they are suitable for consumption,
and their potential as food supplements in terms
of the essential plant nutrients they contain were
investigated.

Materials and methods
Study area and sampling

The plant samples used in this study were col-
lected from the province of Hatay and surround-
ings located in the southeastern part (35°48'-
37°00'N/35°46'-36°41" E) of Turkiye. Due to the
rich geographical, topographic and ecological
conditions, approximately 2000 plant taxa are
distributed in the city.?"?®! In addition, since
many civilizations and cultures have lived in this
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region throughout history, there is a rich ethno-
botanical heritage in this region that has been
handed down from generation to
generation.[27’28]

In this study, 38 plant taxa (29 perennials and
the others annuals) belonging to the families of
Asteraceae (9 plants), Fabaceae (10 plants) and
Lamiaceae (19 plants), which contain many medi-
cinal and aromatic plant species in the flora of
Turkiye and the world, were collected from their
natural habitats in the eastern Mediterranean
region of Tiirkiye (South-eastern part of Tiirkiye)
(Figure 1). The taxonomic identifications of the
collected plants were made according to the rele-
vant literature**")" Scientific and local names of
the plant species, the parts used, and their pur-
pose of use are given in Table 1.

Among the species investigated, Mediterranean
and Irano-Turanian (12 taxa each) phytogeo-
graphic elements are most represented, followed
by Euro-Siberian (5 taxa) and East Mediterranean
elements (4 taxa). While 5 taxa show a cosmopol-
itan feature, the phytogeographic origins of the
remaining taxa are unknown.

Among the studied plant species, Astragalus
schizopterus Boiss, Salvia pilifera Montbret &
Aucher ex Bentham, Salvia recognita Fisch. &
Mey., Stachys cretica L. ssp. mersinaea and
Stachys rupestris Montbret et Aucher ex Bentham
are endemic to Turkiye. In addition, among these
species, Mentha longifolia and Thymus eigii are
commercially cultivated (Table 1).

Determination of mineral content and sample
analysis

Plant samples were transferred to sterile bags and
brought to the laboratory and dried in petri
dishes in an oven at 80°C for 48 h. Plant samples
were powdered in a porcelain mortar and
weighed. Following that, samples in the range of
0.200-0.250g were transferred to Teflon wessels
with 8 mL of 65% Merck brand HNO;. The
prepared samples were thawed using a Berghot-
MSW2 brand microwave device. After the
procedure, the samples were transferred to 50 mL
sterile falcon tubes using ultrapure water, filtered
with a blue band Whatman filter. Afterwards, the
total volume was made up to 50mL. In the
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Sources: Esri, USGS, NOAA; Sources: Esri, Garmin, USGS, NPS

Figure 1. Map showing the distribution and sampling localities of the studied medicinal plants and mineral maps of the study

area modified from MTA",

samples prepared for measurement, macroele-
ments (Ca, K, Mg, and Na) were measured as
percent (%) and others elements (Al, B, Cd, Cr,
Cu, Fe, Mn, Ni, Pb, and Zn) were measured as
mg kg~ ' dry weight in inductively coupled plasma
optical  emission  spectroscopy  (ICP-OES)
PerkinElmer-Optima 7000DV ~ brand model
device.!*"]

Quality control and assurance

The chemicals used in this study were of analyt-
ical grade. As in all stages of the experiments,
ultrapure water (Human-Zeener Power I) was
used as a solvent in dilution processes. Elemental
values of medicinal plant samples were investi-
gated in triplicate to ensure linearity and all
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Table 2. ICP-OES parameters of the analytical method.
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Elements Spectral lines (nm) Plasma torch (position) LoD (mg kg”) LoQ (mg kg’1) RSD (%) R?

Al 396.153 Axial 0.093 0.310 0.92 999385
B 249.677 Axial 0.026 0.087 0.88 999593
Ca 317.933 Radial 0.722 2.407 0.97 .999735
Cd 228.802 Axial 0.006 0.020 1.22 999649
Cr 267.716 Axial 0.021 0.070 1.25 999892
Cu 327.393 Axial 0.034 0.113 1.72 .999884
Fe 238.204 Axial 0.217 0.723 1.04 .999449
K 766.490 Radial 0.305 1.017 0.85 999792
Mg 285.213 Radial 0.271 0.903 133 999653
Mn 257.610 Axial 0.095 0.317 1.51 .999796
Na 589.592 Radial 0.138 0.460 1.97 .999892
Ni 231.604 Axial 0.008 0.027 0.71 999611
Pb 220.353 Axial 0.013 0.043 0.82 999756
Zn 213.857 Axial 0.154 0.513 1.15 .999825

LoD: limit of detection; LoQ: limit of quantification; RSD: relative standard deviation; R?: determination coefficient.

elemental concentrations were determined with a
quite low margin of error of +0.71-1.97% (RSD)
using previously prepared calibration standards
(Table 2). In order to dissolve plant samples, the
EPA 3051 A Analytical Method for ICP-OES was
applied with Mars Microwave. Contents of Al, B,
Ca, Cd, Cr, Cu, Fe, K, Mg, Mn, Na, Ni, and Zn
of the samples were investigated by ICP-OES
(PerkinElmer Optima 7000DV). The benefits of
ICP are providing few or no organic molecules,
few ionization interferences, as well as the ability
elements  sequentially.[*®
Calibration standards were prepared by diluting
1000mg L™" of ICP multi-element standard solu-
tion (Merck) to calculate the concentration values
of each element examined for plant samples.
Calibration curves were obtained by using cali-
bration standards prepared in eight different con-
centrations for each element and R* > 0.999 was
found (Table 2). Following the first calibration,
the calibration standards were remeasured every
ten samples during the experiments and the mar-
gins of error were controlled to verify that the
early measured calibration parameters stayed
steady during the analysis.

Additionally, the accuracy and consistency of
elemental analyzes is demonstrated by repetetive
analyzes of multi-element calibration solutions
with previously known concentrations. LoD
(Limit of Detection) and LoQ (Limit of
Quantification) values were detected by analyzing
blank solutions and then calculated for each of
the elements (Table 2):

LoD =

to analyze many

0, x SD,

LoQ = (), x SD.

In the equations given above, the term SD rep-
resents the standard deviation of ten replicates of
the blank solution, whilst the values §, and 0,
represent multiplying factors of 3 and 10.°7°% In
order to detect the elemental compositions of the
samples, spectral lines were picked according to
the related literature as listed in Table 2.[°571%°]

Risk assessment for toxic metals (Cd-Cr-Ni-Pb)
Exposures of Cd, Cr, Ni and Pb, which threatens
lives of consumers through the consumption of
plant leaves, were evaluated in accordance with
the estimated daily intake (EDI), target hazard
quotient (THQ), and hazard index (H1).[*oH]

EDIn = (Cn x IR x TRn)/(BW x 1000); n
=Cd—-Cr—Ni—Pb (1)

In this equation above: Cn represents the toxic
metal concentrations of the samples (mg kg™ '); n
represents the toxic metals (Cd-Cr-Ni-Pb); IR
represents the uptake rate of the plant for an
adult (11.4g/person/day); TRn represents the
transference rate of the toxic metal; and BW
means the body weight (70kg of an adult).['2]
The TR values used are 6.6% for Cd, 42% for Cr,
30 for Ni and 19.8% for  Pb,
respectively,!01-103-104]

THQn = EDIn/RfDn; n=Cd — Cr—Ni—Pb  (2)

THQ was used for the quantitative assessment
of the potential non-carcinogenic effects of each
toxic metal.'® A THQ value less than 1 shows
no significant risk of carcinogenicity for the
exposed population. RfDn (mg/kg/day) for each
metal (n) represents the reference dose defined
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by the FAO/WHO. EDIn represents the daily
average exposure dose (mg/kg/day) and THQn
represents the target hazard quotient of the toxic
metal. The combined risk of multiple toxic metals
on overall human health with the consumption
of medicinal plants may result from exposure to
multiple pollutants. Thus, the Hazard Index (HI)
was used to forecast the total health hazards that
are carcinogenic caused by exposure to various
toxic metals.

HI = XTHQn
= THQCd + THQCr + THQNi + THQPb  (3)

In this equation, HI shows the total health risk
associated with exposure to toxic metals. A HI
value less than 1 represents those adverse effects
of toxic metals on human health are unlikely to
arise. In opposition, if the HI value is greater
than 1, the toxic metals are high likely to cause
negative effects on human health.

Statistical data analysis and evaluation of
recommended dietary allowance values

“Hierarchical Cluster Analysis” and “Pearson
Correlation” were performed using IBM SPSS
Statistics 20 software. The levels of correlation
statistical significance were expressed as 0.01 (**)
and 0.05 (*) levels (2-tailed). Based on the simi-
larity/dissimilarity relationships obtained between
plant species, a dendrogram was constructed
using total potentially toxic element accumulation
and essential element levels in all plant specimens
studied. Additionally, in order to reveal the
Dietary Reference Intake potentials of P. sativum,
M. longifolia, M. pulegium, S. multicaulis, T. eigii
and Z. capitata species used as daily food, spice
and tea among the plants examined in this study,
Recommended Dietary Allowance (RDA) values
were calculated for Ca, Cu, Fe, K, Mg, Mn, Na ve
Zn elements.*1%%]

RDA(%) = (MV/10) x (100/RDAst)

In this equation: RDA (%) is Recommended
Dietary Allowance percentages in 100 g/dw; MV
is mineral nutrient values in studied the plant
samples (mg kg~ '; ppm); RDAst is international
standards (mg per 100 g/dw).

Results and discussion

As a result of the analyzes in the examined
MAPs, the percentages of macroelements ranged
between 0.197% (C. crupinastrum) and 1.297%
(E. cannabinum) in Asteraceae, 0.240% (L. varia-
bilis) and 1.092% (O. spinosa) in Fabaceae, and
0.242% (L. stoechas) and 1.464% (S. palaestina) in
Lamiaceae for Ca; 0.290% (C. crupinastrum) and
1.268% (S. kotschyi) in Asteraceae, 0.081% (V.
cracca) and 1.354% (O. spinosa) in Fabaceae, and
0.277% (S. thymbra) and 1.181% (N. nuda) in
Lamiaceae for K; 0.043% (C. crupinastrum) and
0.240% (I. crithmoides) in Asteraceae, 0.042% (V.
cracca) and 0.181% (O. spinosa) in Fabaceae, and
0.051% (S. rupestris) and 0.183% (L. stoechas) in
Lamiaceae for Mg; 0.029% (C. crupinastrum) and
0.344% (I. crithmoides) in Asteraceae, 0.022% (O.
gracilis) and 0.246% (V. cracca) in Fabaceae, and
0.013% (S. multicaulis) to 0.175% (M. pulegium)
in Lamiaceae for Na; the levels of other elements
and potentially toxic metals (mg kg ') varies
between 3.206 (C. crupinastrum) to 721.281 (L.
crispus) in Asteraceae, 5290 (L. variabilis) to
189.407 (O. caput-galli) in Fabaceae, and 8.436
(T. eigii) to 408.608 (M. pulegium) in Lamiaceae
for Al; 41.332 (B. sylvestris) to 231.012 (I. crith-
moides) in Asteraceae, 46.193 (V. cracca) to
152.207 (O. spinosa) in Fabaceae, and 45.430 (S.
tomentosa) to 160.052 (T. chamaedrys) in
Lamiaceae for B; 0.030 (I. crithmoides) to 0.390
(P. spinosa) in Asteraceae, 0.013 (O. spinosa) to
0.418 (O. caput-galli) in Fabaceae, and 0.013 (S.
tomentosa) to 0.607 (S. rupestris) in Lamiaceae
for Cd; 1.088 (C. crupinastrum) to 40.820 (L.
crispus) in Asteraceae, 1.118 (V. cracca) to 22.544
(O. caput-galli) in Fabaceae, and 1.966 (S. cretica)
to 47.790 (S. tomentosa) in Lamiaceae for Cr,
19.320 (C. crupinastrum) to 43.129 (S. kotschyi)
in Asteraceae, 17.372 (L. aphaca) to 36.309 (G.
lydia) in Fabaceae, and 12.904 (T. eigii) to 37.824
(S. cretica) in Lamiaceae for Cu; 17.571 (C. crupi-
nastrum) to 1109.385 (L. crispus) in Asteraceae,
47.746 (P. sativum) to 1087.935 (O. caput-galli)
in Fabaceae, and 68.453 (T. eigii) to 900.740 (T.
polium) in Lamiaceae for Fe; 65.908 (C. crupinas-
trum) to 715.478 (L. crispus) in Asteraceae,
61.715 (O. gracilis) to 378.250 (O. caput-galli) in
Fabaceae, and 51.502 (S. recognita) to 542.884



(M. longifolia) in Lamiaceae for Mn; 0.570 (L.
crithmoides) to 7.643 (B. perennis) in Asteraceae,
0.997 (O. gracilis) to 8.931 (G. lydia) in Fabaceae,
and 0.118 (C. grandiflora) to 9.416 (T. eigii) in
Lamiaceae for Ni; 2.790 (C. crupinastrum) to
12.267 (B. perennis) in Asteraceae, 1.583 (L. vari-
abilis) to 20.488 (A. schizopterus) in Fabaceae,
and 1.749 (C. grandiflora) to 22.112 (N. betonici-
folia) in Lamiaceae for Pb and 96.458 (I. crith-
moides) to 260.084 (L. crispus) in Asteraceae,
94.812 (O. gracilis) to 208.576 (A. schizopterus) in
Fabaceae, and 80.822 (8. recognita) to 191.061 (N.
betonicifolia) in Lamiaceae for Zn (mg kg_l)
(Table 3).

Furthermore, the results of our study were com-
pared with the permissible limits set for medicinal
plants by FAO/WHO and the American Herbal
Products Association (AHPA). It was determined
that the potentially toxic element concentrations
determined in the study materials were mostly
within permissible limits,!*>!%¢-11¢]

In addition to Turkiye, some countries such as
Brazil, Canada, China, Germany, India, Malaysia,
Singapore, European Union, the United Kingdom
and Thailand have implemented their own pro-
grammes to ensure safe plant-based production
regarding the potentially toxic element content
(Table 4).

When evaluated in terms of permissible values
including Turkiye; value of Al was higher than
permissible values in B. perennis and L. crispus
(Asteraceae), M. pulegium (Lamiaceae), and O.
caput-galli (Fabaceae) taxa, while it was normal
in other taxa; value of Cd was slightly higher
than  permissible values in S.  rupestris
(Lamiaceae), while it was normal in all others;
value of Cr was higher than permissible values in
S. tomentosa, M. pulegium, and T. polium
(Lamiaceae), L. crispus, B. perennis, B. sylvestris,
C. benedictus (Asteraceae), O. caput-galli
(Fabaceae), while it was normal in others; value
of Cu was slightly higher than permissible values
in S. kotschyi and C. benedictus (Asteraceae), S.
cretica (Lamiaceae), G. lydia (Fabaceae), while it
was normal in others; value of Fe was higher
than permissible values in L. crispus, B. perennis
B. sylvestris (Asteraceae), T. polium, S. tomentosa,
M. pulegium, S. palestina, N. betonicifolia, N.
nuda, S. thymbra, Z. capitata, C. grandiflora, and
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S. multicaulis (Lamiaceae), O. caput-galli and L.
aphaca (Fabaceae), while it was normal in others;
value of Mn was slightly higher than permissible
values in L. crispus (Asteraceae), M. longifolia, M.
pulegium, S. tomentosa (Lamiaceae), and O.
caput-galli (Fabaceae), while it was normal in
others; value of Ni was higher than permissible
values in T. eigii, M. pulegium, S. cretica, S. recog-
nita, S. verticillata, T. polium, Z. capitata
(Lamiaceae), B. perennis (Asteraceae), and G.
lydia, L. variabilis, O. caput-galli, O. viscosa
(Fabaceae), while it was normal in others; value
of Pb was slightly higher than permissible values
in N. betonicifolia, S. cretica, S. palestina, M. pule-
gium, Z. capitata (Lamiaceae), A. schizopterus, L.
aphaca, O. viscosa, O. gracilis, O. caput-galli taxa
(Fabaceae), and B. perennis (Asteraceae), while it
was normal in others; value of Zn was slightly
higher than permissible values in B. sylvestris, E.
camabinum, L. crispus (Asteraceae), N. betonicifo-
lia, N. nuda, L. stoechas, S. palestina, M. pule-
gium, T. polium and S. thymbra (Lamiaceae), A.
schizopterus, O. spinosa, O. viscosa, G. lydia
(Fabaceae), while it was normal in other taxa
(Table 3).

On the map of Hatay mines of MTA, it is seen
that there is a Cr mine in Kizildag, there are
iron and steel, fertilizer, cement and paint facto-
ries in the Payas-Iskenderun region, Arsuz has
soils rich in Cr and Kirikhan has Fe deposits.'*’!
According to our results, while B. sylvestris and
B. perennis distributed in these regions have high
Cr content; L. crispus and O. caput-galli species
have high Al, Fe, Cr; N. betanicifolia, N. Nuda, S.
muticaulis and S. palestina species are seen to
have high Fe content (Fig. 1 and Table 3).

Our results revealed that the concentrations of
Cr in B. sylvestris, C. benedictus, L. crispus, O.
caput-galli, M. pulegium, S. tomentosa, and T.
polium, the concentrations of Fe in B. perennis
and M. longifolia, the concentrations of Pb in B.
perennis, A. schizoxopterus, O. caput-galli, O. gra-
cilis, O. viscosa, S. palestina, S. cretica, Z. capitata
and the concentrations of Ni in B. perennis, C.
benedictus, O. caput-galli, M. pulegium, S. recog-
nita were found to be significantly higher com-
pared to the results detected in previous studies
and the permissible limits determined by
FAO/WHO.!'*"1%! Based on our evaluation
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Table 4. Standard references of permissible levels of potentially toxic elements for herbal products from different countries or

organizations.

mg kg™

Standards Cd Cr Cu Fe Mn Ni Pb Zn
Brazil Herbal Tea 0.4
Canada Raw herbal materials 0.3 2 10

Finished herbal products 0.06° 0.02° 0.02°
Chinese Pharmacopeia Herbal materials 1 10
Germany Herbal products 0.2 5
India Herbal Tea 10
Japanese Pharmacopeia Herbal Tea 20
Malaysia Finished herbal products 10
Republic of Korea Herbal materials 30
Poland Herbal materials 0.1 0.2
Singapore Finished herbal products 150 20
Thailand Herbal materials, finished herbal products 0.3 10
Taiwan Herbal products 0.5 10
Turkish Food Codex Fresh herbs 0.2 0.1
Union of Europe Herbal materials 0.2
British Pharmacopeia Herbal drugs 1 5
uspP Herbal drugs 0.3 10
AHPA Herbal products 4.1° 10°
FAO/WHO Medicinal plants 0.3 2 20-150 2 1.5 10

Edible plants 0.21 0.02 3 20 1.63 0.43 27.4
GSMPP Herbal materials 0.3 20 5

®mg/day"; Pug/day; AHPA: American Herbal Products Association; GSMPP (Green standards of medicinal plants and preparations for foreign trade and

economy), WM/T 2-2004; USP: United States Pharmacopeia 4th.

according to the results of the total potentially
toxic element profile, high Cr concentrations in
C. crupinastrum, L. crispus, O. caput-galli, M.
pulegium indicate that these samples were col-
lected from soils rich in Cr (Samandag, Arsuz,
and Belen), while Fe accumulation of B. perennis
and M. longifolia indicates that these samples
were collected from soils rich in Fe (Payas). B.
perennis, S. palestina, Z. capitata samples were
collected from industrial areas and nearby (Payas,
Belen), while O. caput-galli, O. gracilis, and S.
cretica samples were collected from the mining
areas and highway with heavy traffic. In addition,
contamination was observed in the C. benedictus
and M. pulegium samples collected from agricul-
tural soils (Kirikhan and Dortyol) as high levels
of Ni were detected. Lower levels of potentially
toxic elements contamination were observed in
plant samples collected from relatively uncontam-
inated areas (Fig. 1).

Studies on trace element and potentially toxic
element/heavy metal accumulation in medicinal
plants have been carried out in the world. In pre-
vious researches, heavy metals in the plants used
in Van herby cheese (Van Herbed Cheese) pro-
duced in Eastern Anatolia in Turkiye were ana-
lyzed and it was found that Fe and Pb values
were 283.23 and 1.69 in M. longifolia, and 492.17

and 023mg kg ' in Z capitata, respect-
ively.!"'”1"8 According to our results, while the
Fe value was higher in Z. capitata, it was found
to be normal in M. longifolia species analyzed the
heavy metals in the plants used in Van herby
cheese (Van Herbed Cheese) produced in Eastern
Anatolia in Turkiye. They found the Fe and Pb
values were 283.23 and 1.69 in M. longifolia,
492.17 and 0.23mg kg ' in Z. capitata, respect-
ively. According to our results, while the Fe value
was higher in Z. capitata, it was found to be nor-
mal in M. longifolia species.

In another study, trace elements such as Cd,
Fe, Mn, Ni, Pb and Zn accumulation from
twenty-nine different plants collected form
Bozdag Mountain in Western Anatolia (Tirkiye)
were measured."’”! In their study, it was deter-
mined that all metals in G. lydia and S. cretica
taxa were within normal limits. However, in our
results, Mn, Ni, and Zn concentrations of G.
Lydia and Ni and Pb levels in S. cretica were
found above normal limits. Dzierzanowski and
Gawroniski"?! measured heavy metal accumula-
tions of Cd, Cu, Fe, Mn, Pb and Zn in plants dis-
tributed on the railways in Warsaw (Poland) and
found the Cd content in V. cracca very high (15-
20 mg kg~ '), while other values were found to be
within normal limits. In our study, the Cd value
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Dendrogram using Average Linkage (Between Groups)

Rescaled Distance Cluster Combine

0 ? 1|0 1|5 2|0 2|5
Genista lydia 11— }
Salvia recognita 29—
Onobrychis gracilis 15
Ononis viscosa 17—
Thymus eigii 37 [mm|
Onobrychis caput-galli 14— —‘
Mentha pulegium 23
Lavandula stoechas 21 _I J
Salvia tomentosa 30
Crupina crupinastrum 4
Lathyrus aphaca 12
Teucrium polium 36
Bellis sylvestris 2
Astragalus schisopterus 10 J
Mentha longifolia 22
Pallenis spinosa 8 J
Teucrium chamaedrys 35
Bellis perennis 1
Pisum sativum 18 — B
Calamintha grandiflora 20
Salvia pilifera 28 —
Salvia multicaulis 26 !
Stachys cretica 33 2
Lathyrus variabilis Ikl —
Vicia cracca 19
Satureja thymbra 32
Stachys rupestris 34

Inula crithmoides

B
Cnicus benedictus ; AI
_|
]

Leontodon crispus

Eupatorium cannabinum

Nepeta betonicifolia 24

Salvia palaestina 27

Nepeta nuda 25

Salvia verticillata 31 l

Scorsonera kotschyi 9

Ziziphora capitata 38 1
Ononis spinosa 16

Figure 2. Dendrogram constructed from studied medicinal plants based on the element composition of samples. It is generated
with a hierarchical cluster analysis with average linkage (between species).
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in V. cracca was within normal levels. Casado
et al."?"! measured the Cd and Zn levels of some
plants at the El Losar mining area (Spain). It was
revealed that the concentrations of Cd (2.90 mg
kg™ ') and Zn (402.8 mg kg~ ') in L. crispus were
clearly higher than permissible limits.

For B. perennis, the concentrations of various
potentially toxic elements were measured from
sixteen different locations in Ni§ city (Serbia),
and the study suggested that mean values of Al
Fe and Ni were above normal limits in species
from industrial and agricultural areas.!'*]
Similarly, it was found that Al, Cd, Cr, Fe, Ni,
and Pb accumulations in B. perennis collected
from the nearby industrial area (Iskenderun)
above the permissible limits in our study.

In another study, Mentha samples were ran-
domly obtained from supermarkets, traditional
markets, herbal stores, and pharmacies in the
Canary Islands (Spain), and it was determined
that the levels of Fe, Mg and Al in Mentha sp.
were above the permissible limits. In addition,
Al, Fe, Mg, Mn, Ni, Pb, and Zn values of Mentha
samples found above the permissible
limits. !>’

The growth and development of plants mainly
depends on the existency of nutrients. Basic
nutrients such as B, Ca, Fe, Mg, N, P, K, and Zn
affect various biochemical and physiological
activity processes occurring in plant metabolism;
they also protect and support against various dis-
orders that negatively affect plants.[2%!24712¢]
However, excessive toxic element toxicity has
many adverse effects on plant metabolism and
physiology, such as DNA mutations, slowing of
germination, inhibition of division and prolifer-
ation of stem cells, browning in plant roots, slow-
ing of stomal movements, water uptake-transport
and protein synthesis.!?>2712%]

Potentially toxic elements that accumulate in
the plant above the permissible limits not only dis-
rupt the plant metabolism, but also cause serious
damage to the health of consumers. Al can cause
microcytic anemia, osteomalacia, Alzheimer’s dis-
ease, dementia, and breast cancer in the human
body when evaluated in terms of its negative
effects on human health.""*” It has been reported
that Cu toxicity can cause headache, hemolytic
anemia, vomiting, nausea, liver and kidney failure,

were

diarrhea, and gastrointestinal hemorrhage in the
human body.'”” High levels of Cd can cause
kidney damage (kidney stones and renal tubular
damage), respiratory system problems, bone
abnormalities, bones structure that reduces Ca
uptake.[23’24] Long term exposure to Fe toxicity
can cause vomiting diarrhea, gastrointestinal sys-
tem disorders, and liver damage.!"*! Pb toxicity
has been associated with hemoglobin synthesis
problems, kidney dysfunctions, teratogenicity,
skeletal and reproductive system diseases.!'*”]
Long-term excessive Zn intake can cause growth
abnormalities in children, microcytic anemia, dis-
ruption of enzyme structures, impairment of mito-
chondria, neurotoxicity, and induce hematological,
respiratory and gastrointestinal system disorders,
vomiting, fever and faintness.[*13%-131]

Herein, dendrogram created by using the
results of average linkage cluster analysis revealed
2 main groups (Fig. 2). First group containing of
N. nuda, S. verticillata, S. kotschyi, Z. capitata,
and O. spinosa showed generaly distribution in
close regions (Belen-Arsuz) having similar habitat
characteristics, and the members of this subgroup
were probably affected by the similar environ-
mental conditions. Second group included A and
B subgroups. Subgroup A comprising of I. crith-
moides, C. benedictus, E. cannabinum, L. crispus,
N. betonicifolia, S. thymbra, S. rupestris, and S.
palestina generally belongs to the same family
(Asteraceae and Lamiaceae) and showed distribu-
tion generally in close ranges.

The human body needs at least 22 essential
plant nutrients in order to maintain its metabolic
activities in a healthy way. Plants are the most
important natural sources for these essential
nutrients."*?! Therefore, the RDA values (100g
dw ') for the elements Ca, Cu, Fe, K, Mg, Mn,
Na and Zn were calculated in P. sativum, M.
longifolia, M. pulegium, S. multicaulis, T. eigii
and Z. capitata species used as daily food, spice
and tea (Table 5).

These RDA values are as follows; The RDA
value of Ca was calculated in Z. capitata > M.
longifolia > M. pulegium > P. sativum > T. eigii >
S. multicaulis; the RDA values for Cu were found
as M. pulegium>S. multicaulis > M. longifolia
> P. sativum > Z. capitata > T. eigii; for Fe as M.
pulegium>Z.  capitata>S.  multicaulis > M.



SPECTROSCOPY LETTERS . 15

Table 5. Average level of minerals in the medicinal plants and RDA values (mg 100g™") of selected minerals.

P. sativum M. longifolia M. pulegium S. multicaulis T. eigii Z. capitata
Mineral RDA Amount RDA (%) Amount RDA (%) Amount RDA (%) Amount RDA (%) Amount RDA (%) Amount RDA (%)
Ca 1000mg  544.75 54.47 599.65 59.96 556.76 55.68 380.62 38.06 495.59 49.56 773.20 77.32
Cu 0.9mg 1.95 21713 1.97 218.75 293 325.44 2.25 249.49 1.29 143.37 1.51 168.29
Fe 8mg 4.77 59.68 21.86 273.26 56.10 701.27 26.64 333.01 6.85 85.57 26.81 335.18
18 mgb 26.53 121.45 311.68 148.00 38.03 148.97
K 4700mg 59291 12.62 526.90 11.21 320.39 6.82 679.89 14.47 279.34 5.94 932.54 19.84
Mg 420 mg 67.53 16.08 139.57 33.23 160.46 38.21 141.25 33.63 113.44 27.01 133.51 31.79
320 mgb 21.10 43.62 50.14 4414 35.45 41.72
Mn 23mg 14.95 650.14 54.29 236037  48.26 2098.19 16.78 729.71 7.47 324.82 19.26 837.21
1.8mg 830.73 3016.02 2681.02 932.40 415.05 1069.77
Na 1500mg  95.81 6.39 79.15 5.28 174.98 11.67 13.39 0.89 42.76 2.85 39.75 2.65
Zn 11mg 10.67 96.98 14.05 127.71 16.30 148.18 11.34 103.06 8.85 80.46 9.67 87.90
8mg 133.35 175.61 203.75 141.71 110.63 120.86

2For adults, °For premenopausal women.

longifolia > T. eigii>P. sativum; for K as Z.
capitata > S. multicaulis > P. sativum > M. long-
ifolia> M. pulegium > T. eigii; for Mg as M.
pulegium > S. multicaulis > M. longifolia > Z. cap-
itata> T. eigii>P. sativum; for Mn in M.
longifolia > M. pulegium > Z. capitata > S.
multicaulis > P. sativum > T. eigii; for Na as M.
pulegium > P. sativum > M. longifolia > T.
eigii> Z. capitata > S. multicaulis; for Zn as M.
pulegium > M.  longifolia>S.  multicaulis > P.
sativum > Z. capitata > T. eigii. As it is known,
these plants have edible properties and can be used
as herbal teas and/or spices. This indicates their
possible usability as dietary supplements.

Ca is one of the most important essential
nutrients for the structure and functions of the
human body which affects many intracellular and
extracellular processes. It is crucial for the devel-
opment, growth and maintenance of teeth and
bone as well as for the stability of the cytoskel-
eton."**! Ca plays a crucial role in vitamin D
absorption, regulation of the activity of intracellu-
lar enzymes, and neuronal transmission.!"**! Ca
deficiency can cause osteoporosis, sarcopenia,
scurvy and rickets in adults and children.!"*"]
Dairy products contain high levels of Ca and the
RDA value for Ca is defined as 1000 mg day .
In accordance with our results, the RDA value of
Ca was found to be a minimum of 380.62 in S.
multicaulis, and a maximum of 773.20 in Z. capi-
tata. In other words, daily consumption of 100 gr
S. multicaulis meets ~38.06% of daily Ca need,
while this rate is ~77.32% for Z. capitata
(Table 5).

Cu is another element vital to human metabol-
ism. It 1is necessary for maintenance of

hematopoietic activity, growth, immune system,
energy metabolism, bone mineralization, brain
development, transport of Fe and its metabol-
ism.1**! Cu deficiency may cause many diseases
such as bone abnormalities and retarded growth,
the leukopenia, anemia, and gray hair.""*”) It can
be obtained from some foods such as meat and
offal, grain products, seafood, vegetables and
fruits, and the value of RDA for Cu is defined as
0.9mg per day '.!"**! The RDA value of Cu
varies between 1.29 (T. eigii) and 2.93 (M. pule-
gium). In other words, daily consumption of
100g of T. eigii meets ~143.37% of daily Cu
need, while M. pulegium is ~325.44% (Table 5).
Fe has a significant role in the synthesis of
oxygen transport proteins, in the formation of
enzymes in electron transfer and oxidation-reduc-
tions.!"*) It is also important for many biochem-
ical pathways such as uptake and transport of
oxygen, transport of hemoglobin, and electron
transfer in the redox cycling.!"*”! Fe deficiency
can often lead to anemia in adults, fatigue, weak-
ened immune function, weakness, reduced cogni-
tive function in children, and many health
problems including adverse maternal and infant
outcomes, risk of sepsis, maternal and perinatal
death, miscarriage, and low birth weight in preg-
nant women.""*"'*?! It can be obtained from
many food sources such as pulses, eggs and black
mulberry, cereals, legumes, vegetables and fruits.
The RDA value for Fe is defined as 8 mg day '
for men and 18mg day ' for women.'*’!
accordance with our results, the RDA value of Fe
was found to be minimum 4.77 in P. sativum,
and maximum 56.10 in M. pulegium, respectively.
In other words, daily consumption of 100g P.

In
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Sativum meets ~59.68% of daily Fe need in men
and ~26.53% in women, while this ratio is
~701.27% and ~311.68% in M. pulegium,
respectively (Table 5).

K is required for healthy nerve activity, skeletal
and cardiac muscle."**) Its deficiency can cause
high blood pressure, cardiovascular disease, kid-
ney disease, and bone demineralization. Foods
and vegetables such as blueberries, tomato,
potato, beet greens, milk, and yoghurt are rich in
potassium.!'*>!6 The RDA for K has been
defined as 4700 mg day ' for men.""*”! Our study
showed that the RDA values for K were between
279.34 (T. eigii) and 932.54 (Z. capitata), which
shows that daily consumption of 100g T. eigii
provides ~5.94% and Z. capitata ~19.84% the
required daily amounts of K, respectively
(Table 5).

Mg has a significant role in the permeability of
cell membranes, the transport of electrolytes
across cell membranes, the preservation of the
anatomical and functional integrity of several cel-
lular organelles, the maintenance of DNA and
tRNAmolecules, normal muscle contraction, neu-
ron excitability, and the release of hormones and
neurotransmitters.'**) Mg deficiency causes atrial
fibrillation, hypertension, atherosclerosis, cerebro-
vascular  disease, congestive heart failure,
migraines, asthma, Alzheimer’s, hypocalcemia,
and hypophosphatemia, premenstrual syndrome,
dermatological allergy.'*®! The RDA for Mg is
reported as 420mg day ' for men and 320 mg
day ' for women."*”! Our study revealed that
the RDA values of Mg were between 67.53 in P.
sativum and 160.46 in M. pulegium, which means
daily consumption of 100g M. pulegium provides
~38.21% and 50.14% and P. sativum ~16.08%
and 21.10% of the daily requirements of Mg for
men and women, respectively (Table 5).

Manganese (Mn) is an essential trace element.
It has an important role in immune and neural
functions, bone development, amino acid, lipid
and carbohydrate metabolism. It is found in vari-
ous enzymes, e.g. mitocondrial Mn superoxide
dismutase, glutamine synthetase and arginase,
and it also activates various hydrolases, transfer-
ases and carboxylases.!"**'*°! It can be obtained
from cereals, tea, and nuts. Mn deficiency is asso-
ciated with birth defects, impaired fertility,

abnormal glycosylation patterns, skeletal abnor-
malities, and general psychomotor disabil-
ity.['>"1%2] The RDA values for Mn is stated as
2.3mg day ' for men and 1.8mg day ' for
women.!"**) In accordance with our results, the
RDA values of Mn were detected to be minimum
747 in T. eigii and maximum 54.29 in M. longi-
folia, respectively. As a result, daily consumption
of 100g of T. eigii provides ~324.82% and
415.05%, while M. longifolia provides ~2360.37%
and 3016.02% of the daily requirements of Mn
for men and women, respectively (Table 5).

Na is essential for healthy muscle, nerve activ-
ity, the maintainence of acid-base balance and
plasma volume.!"**"ts deficiency can cause ano-
rexia, nausea, vomiting, muscle cramps and
weakness, headache, lethargy, confusion, seizures,
coma, and altered consciousness.'®’ The RDA
for Na is defined as 1500 mg day ' for men.!">"
Our study revealed that the RDA values of Na
were between 13.39 in S. multicaulis and 174.98
in M. pulegium, respectively. Therefore, daily
consumption of 100g of S. multicaulis provides
~0.89% of daily required Na and ~11.67% of M.
pulegium (Table 5).

Zn is an important mineral nutrient required
for natural bone structure and plays a structural
and regulatory role in proteins and transcription
factors. It is also structurally and functionally
involved in more than 300 metalloenzymes,
including Zn matrix metalloproteinases. Zn can
be obtained from oysters, crab, beans, nuts, whole
grains, red meat, and dairy products./'4>1*>1%¢]
Zn deficiency causes neurosensory disorders,
mental lethargy, infertility, thymic atrophy, skin
lesions, acrodermatitis, decreased wound healing,
hair thinning, hypogonadism, immune systems
disorders, and growth retardation in children.
The RDA value of Zn is listed as 11 mg day ' for
men and as 8mg day ' for women.'>”!*8 In
accordance with our results, the lowest RDA val-
ues of Zn were found in T. eigii (8.85), while the
highest in M. pulegium (16.30). Thus, a daily
intake of 100g of T. eigii provides ~80.46% and
110.63% of the daily requirement for men and
women, while M. pulegium provides ~148.18%
and 203.75% of the daily requirement (Table 5).
However, it is predicted that more than 60% of
the world’s population are Fe and more than
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Table 6. EDI (mg/kg/day), THQ of Cd, Cr, Ni, and Pb and HI values for adults® associated with the consumption of medicinal

plants samples.

(| Cr Ni Pb
Species EDI THQ EDI THQ EDI THQ EDI THQ HI
Asteraceae
B. perennis 3.20E-04 1.07E-03 2.51E-01 1.26E-01 3.73E-02 2.49E-02 3.96E-02 3.96E-03 0.156
B. sylvestris 4.37E-05 1.46E-04 1.88E-01 9.42E-02 1.92E-02 1.28E-02 2.34E-02 2.34E-03 0.109
C. benedictus 2.18E-04 7.25E-04 1.53E-01 7.65E-02 2.27E-02 1.51E-02 2.17E-02 2.17E-03 0.095
C. crupinastrum 6.09E-05 2.03E-04 7.44E-03 3.72E-03 1.47E-02 9.79E-03 9.00E-03 9.00E-04 0.015
E. camabinum 9.83E-05 3.28E-04 9.12E-03 4.56E-03 8.09E-03 5.39E-03 1.68E-02 1.68E-03 0.012
I crithmoides 3.22E-05 1.07E-04 5.61E-02 2.80E-02 2.78E-03 1.86E-03 2.27E-02 2.27E-03 0.032
L. crispus 1.43E-04 4.76E-04 2.79E-01 1.40E-01 6.90E-03 4.60E-03 2.61E-02 2.61E-03 0.147
P. spinosa 4.20E-04 1.40E-03 3.62E-02 1.81E-02 1.59E-02 1.06E-02 2.38E-02 2.38E-03 0.032
S. kotschyi 8.31E-05 2.77E-04 1.05E-02 5.24E-03 2.60E-02 1.73E-02 2.66E-02 2.66E-03 0.026
Fabaceae
A. schizoxopterus 1.37E-04 4.57E-04 2.93E-02 1.47E-02 2.39E-02 1.59E-02 6.61E-02 6.61E-03 0.038
G. lydia 4.97E-05 1.66E-04 9.84E-03 4.92E-03 4.36E-02 2.91E-02 1.60E-02 1.60E-03 0.036
L. aphaca 2.03E-04 6.78E-04 7.29E-02 3.64E-02 2.62E-02 1.75E-02 6.50E-02 6.50E-03 0.061
L. variabilis 9.01E-05 3.00E-04 2.34E-02 1.17E-02 3.74E-02 2.49E-02 5.10E-03 5.10E-04 0.037
0. caput-galli 4.50E-04 1.50E-03 1.54E-01 7.71E-02 2.98E-02 1.99E-02 4.19E-02 4.19E-03 0.103
0. gracilis 7.56E-05 2.52E-04 1.85E-02 9.25E-03 4.87E-03 3.25E-03 4.25E-02 4.25E-03 0.017
O. spinosa 1.41E-05 4.68E-05 1.61E-02 8.07E-03 2.43E-02 1.62E-02 9.71E-03 9.71E-04 0.025
0. viscosa ssp breviflora 1.06E-04 3.53E-04 3.92E-02 1.96E-02 3.66E-02 2.44E-02 5.22E-02 5.22E-03 0.050
P. sativum ssp. elatius 5.79E-05 1.93E-04 9.81E-03 4.90E-03 6.62E-03 4.41E-03 1.35E-02 1.35E-03 0.011
V. cracca ssp. sterophyla 3.22E-05 1.07E-04 7.64E-03 3.82E-03 1.05E-02 7.01E-03 9.14E-03 9.14E-04 0.012
Lamiaceae
C. grandiflora 4.64E-05 1.55E-04 5.28E-02 2.64E-02 5.77E-04 3.85E-04 5.64E-03 5.64E-04 0.027
L. stoechas 9.77E-05 3.26E-04 4.33E-02 2.17E-02 1.55E-02 1.03E-02 1.58E-02 1.58E-03 0.034
M. longifolia 1.69E-05 5.65E-05 2.95E-02 1.48E-02 5.69E-03 3.80E-03 1.33E-02 1.33E-03 0.020
M. pulegium 1.21E-04 4.05E-04 7.67E-02 3.84E-02 4.39E-02 2.93E-02 4.70E-02 4.70E-03 0.073
N. betonicifolia 7.34E-05 2.45E-04 5.02E-02 2.51E-02 4.18E-03 2.79E-03 7.13E-02 7.13E-03 0.035
N. nuda 2.23E-05 7.44E-05 6.37E-02 3.19E-02 2.41E-02 1.61E-02 1.15E-02 1.15E-03 0.049
S. muticaulis 2.73E-05 9.10E-05 6.66E-02 3.33E-02 2.08E-02 1.39E-02 1.81E-02 1.81E-03 0.049
S. palestina 5.14E-05 1.71E-04 4.87E-02 2.43E-02 2.60E-02 1.74E-02 4.06E-02 4.06E-03 0.046
S. pilifera 2.47E-05 8.22E-05 1.51E-02 7.54E-03 2.15E-02 1.43E-02 8.95E-03 8.95E-04 0.023
S. recognita 2.17E-05 7.22E-05 1.90E-02 9.50E-03 4.17E-02 2.78E-02 2.95E-02 2.95E-03 0.040
S. tomentosa 1.35E-05 4.49E-05 3.27E-01 1.63E-01 1.85E-02 1.23E-02 1.31E-02 1.31E-03 0.177
S. verticillata 5.84E-05 1.95E-04 3.27E-02 1.64E-02 4.16E-02 2.77E-02 7.45E-03 7.45E-04 0.045
S. thymbra 8.61E-05 2.87E-04 4.85E-02 2.42E-02 1.92E-02 1.28E-02 1.60E-02 1.60E-03 0.039
S. cretica 5.79E-05 1.93E-04 1.34E-02 6.72E-03 3.72E-02 2.48E-02 4.16E-02 4.16E-03 0.036
S. rupestris 6.53E-04 2.18E-03 2.02E-02 1.01E-02 7.27E-03 4.85E-03 1.66E-02 1.66E-03 0.019
T. chamaedrys 1.77E-04 5.89E-04 2.05E-02 1.02E-02 1.90E-02 1.27E-02 1.71E-02 1.71E-03 0.025
T. polium 6.98E-05 2.33E-04 2.29E-01 1.15E-01 3.75E-02 2.50E-02 1.20E-02 1.20E-03 0.141
T. eigii 3.95E-05 1.32E-04 1.88E-02 9.40E-03 4.60E-02 3.07E-02 1.39E-02 1.39E-03 0.042
Z. capitata 5.14E-05 1.71E-04 4.60E-02 2.30E-02 3.21E-02 2.14E-02 7.07E-02 7.07E-03 0.052
EDI: estimated daily intake; THQ: target hazard quotient; Hl: hazard index; ®70 kg of adult person.
30% are Zn deficient. Furthermore, high Ca, Mg, value was 0.012 for E. cannabinum from

and Cu deficiencies are common in many devel-
oped as developing  countries.!'*?!
Therefore, our RDA results clearly show that the
studied plant species have a high potential for
essential elements.

As a result of our study, it was seen that the
EDI, THQ, and HI values determined for medi-
cinal plants were within the permissible limits.
Considering the determined THQ values and
cumulative HI values for Cd, Cr, Ni, and Pb, the
risk of adverse effects in adults was within the
permissible limits after exposure to the four
potentially toxic elements tested through the con-
sumption of medicinal plants. The highest HI
value was 0.156 for B. perensis and the lowest

well as

Asteraceae, 0.103 for O. caput-galli and 0.011 for
P. sativum from Fabaceae, and finally 0.177 for §.
tomentosa and 0.019 for S. rupestis from
Lamiaceae, respectively (Table 6). Moreover, risk
assessment of toxic metals in these plants is
important not only to assess their negative effects
on human health, but also to obtain realistic pre-
dictions of their uptake through this traditional
use. In addition, the Joint FAO/WHO Expert
Committee on Food Additives'"”! has allocated
the maximum daily intake of toxic elements for a
70 kg adult (TDI: tolerable daily intake). TDI lev-
els are considered the permissible limits for
potentially toxic elements such as As, Br, Cd, Pb,
and Sb, which are hazardous to human health.!*"]
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Table 7. Correlation matrix (R) between element concentrations of plant species obtained by Pearson correlation method.

Correlation matrix (R)

Pearson correlation B Ca Cd Cr Cu Fe K Mg Mn Na Ni Pb Zn

Al —.038 .198 172 578%* .076 730%* .042 .108 759%* .095 .040 .201 478
B 347% 187 —.124 186 —.024 140 A490*%*F  —087 317 —.136 —.137 —.086
Ca .209 .027 191 142 an 249 175 089  —346* 249 .396*
cd 135 .018 282 —.207 —.273 .080 053 —.063 158 .036
Cr —111 807** .009 .066 498 .048 .038 .032 231
Cu —.125 416%* .004 022 176 .096 —.092 356*
Fe —.021 .0 608** .085 128 257 .354%
K .305 .028 —.043 154 —.086 236
Mg 156 279 —-.157 —.076 .054
Mn —.047 023 .198 A416%*
Na —.099 —-.073 —.107
Ni 143 —.040
Pb 168

**Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 0.05 level (2-tailed).

Compared with the TDI values, our results show
that the Cd and Pb values of all the medicinal
plants examined were above the TDI limits (for
Cd 0.014 and Pb 0.021 mg/day/70kg adult per-
son). Based on our statistical analyses, results
showed that the highest correlation coefficients
were determined among Cr and Fe (>0.81), Al
and Mn (>0.76), Al and Fe (>0.73), Fe and Mn
(>0.61), Al and Cr (>0.58), Cr and Mn (>0.50),
B and Mg (>0.49), Al and Zn (>0.48), Cu and K
(>0.42), Mn and Zn (>0.42) (Table 7). These
results revealed that the use of medicinal plants is
a phenomenon that should be evaluated
scientifically.

Conclusion

Long-term environmental damages caused by
pollutants such as mining, agricultural activities,
burning of fossil fuels, and wastewater, which
have increased due to rapid population growth in
recent years, affects many plant species living in
terrestrial and aquatic ecosystems. In addition,
highly toxic metals in soils pose a threat to wild-
life and human health through the consumption
of contaminated plants. In order to prevent this
potentially toxic element accumulation, when col-
lecting medicinal aromatic plants, rural areas,
close to clean rivers or mountainous areas should
be preferred, away from highway, mining and
industrial areas. In addition, this accumulation
should be controlled by similar potentially toxic
element analyzes carried out periodically in
widely used medicinal plants and the results

should be shared with local users and managers.
In fact, the cultivation of medicinal plant species
that are suitable for meeting the increasing
demand for medicinal aromatic plants, obtaining
high standards of products, and protecting bio-
logical diversity is very important in terms of
ensuring economic and ecological sustainability.
However, if medicinal plants are to be collected
from nature, they should be collected from clean
rural areas where soil analyzes are carried out
and away from pollution determined by local
governments. A multidisciplinary team of experts,
including environmentalists, toxicologists, chem-
ists, politicians, and social workers, in coordin-
ation with government agencies, can inform the
local community to reduce to use of medicinal
plants collected from polluted areas. It is clearly
seen from our results that in most of the ana-
lyzed plant samples, the selected potentially toxic
elements are within the permissible limits set by
international authorities or in some plants
slightly above these limits. Briefly, it was observed
that the levels of potentially toxic elements in the
collected plants were generally at consumable lev-
els, although they were slightly higher in the sam-
ples collected from the areas close to the
industrial zones, mining and agricultural areas.
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