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ASSESSMENT OF ECOLOGICAL SAFETY OF PLANT RAW MATERIALS  
OF CULTIVATED MEDICINAL PLANT SPECIES  

IN THE FOOTHILL ZONE OF ZAILIYSKY ALATAU

In the field of plant biodiversity conservation, the primary task is to create collections of living plants 
that ensure the preservation of the gene pool and serve as a scientific basis for conducting comprehen-
sive experimental research. The ecological conditions of the cultivated medicinal plant plot of the Main 
Botanical Garden (Almaty), located in the steppe zone of the Zailiysky Alatau range within the North 
Tien Shan Mountain province, can indirectly influence the processes of organogenesis and the chemical 
composition of plants through the pollution of the atmosphere, soil, and water. One manifestation of 
anthropogenic impacts on plants is the presence of heavy metals in them, especially lead (Pb), cadmium 
(Cd), and mercury (Hg). Therefore, the issue of the ecological purity of medicinal plants is relevant, 
necessitating research to determine the content of heavy metals in the soil and plant raw materials. Soil 
and plant raw material samples were analyzed using generally accepted methods for chemical analysis 
of soils and plant raw materials. The article provides data on the morphogenetic properties of cultivated 
soils and plant raw materials of six cultivated medicinal plant species from the Lamiaceae family: Bet-
onica betoniciflora, Leonurus turkestanicus, Salvia deserta, Mentha longifolia, Thymus marschallianus, 
Ziziphora clinopodioides regarding the content of toxic (Pb, Cd) and mineral (Zn, Cu) elements. It was 
found that the concentrations of heavy metals (Cd, Pb, Zn, Cu) in the soils of the plot are within the 
maximum permissible concentrations (MPC), and in the studied samples of plant raw materials do not 
exceed the MPC for food plants and plant-based biologically active supplements

Key words: Zailiysky Alatau, medicinal plants, morphogenetic properties of soils, heavy metals, 
ecological safety.
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Іле Алатауының тау бөктері аймағындағы  
дәрілік өсімдіктердің өсірілетін түрлерінің өсімдік шикізатының  

экологиялық қауіпсіздігін бағалау 

Өсімдіктердің биологиялық әралуандылығын сақтау саласында генофондтың сақталуын 
қамтамасыз ететін және кешенді эксперименттік зерттеулер жүргізу үшін ғылыми негіз болатын 
тірі өсімдіктердің коллекцияларын құру бірінші кезектегі міндет болып табылады. Солтүстік Тянь-
Шань таулы провинциясы, Іле Алатауы жотасының дала аймағында орналасқан Бас ботаникалық 
бақтың (Алматы қ.) өсірілетін дәрілік өсімдіктер учаскесінің экологиялық жағдайлары 
атмосфераның, топырақтың және судың ластануы арқылы жанама түрде өсімдіктердің 
органогенез процестері мен химиялық құрамына әсер етуі мүмкін. Өсімдіктердің құрамында 
ауыр металдардың, әсіресе қорғасынның (Pb), кадмийдің (Cd) және сынаптың (Hg) болуы, 
антропогендік әсердің көрінісі айқын байқалады. Осыған байланысты дәрiлiк өсiмдiктердiң 
экологиялық тазалығы проблемасы өзектi, ол өсiмдiк шикiзатындағы және топырақтағы ауыр 
металдардың мөлшерін анықтау үшін зерттеулер жүргізуді қажет етті. Топырақ сынамалары 
мен өсімдік шикізатын талдау, топырақ және өсімдік шикізатын химиялық талдау бойынша 
жалпы қабылданған әдістерге сәйкес жүргізілді. Мақалада учаскенің мәдени топырағының 
морфогенетикалық қасиеттері және Lamiaceae тұқымдасы дәрілік өсімдіктерінің өсірілетін 
6 түрінің: Betonica betoniciflora, Leonurus turkestanicus, Salvia deserta, Mentha longifolia, Thymus 
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дік шикізатының уытты (Pb, Cd) және минералды (Zn, Cu) элементтер құрамы бойынша талдау 
нәтижесінің деректері келтірілген. Учаске топырағындағы ауыр металдардың (Cd, Pb, Zn, Cu) 
концентрациясы ШРК шегінде, ал зерттелген өсімдік шикізаты сынамаларында тағамдық өсім-
діктер мен өсімдік негізіндегі биологиялық белсенді қоспалар үшін ШРК-дан аспайтындығы 
анықталды

Түйін сөздер: Іле Алатау, дәрілік өсімдіктер, топырақтың морфогенетикалық қасиеттері, 
ауыр металдар, экологиялық қауіпсіздік
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Оценка экологической безопасности растительного сырья  
культивируемых видов лекарственных растений  

в предгорной зоне Заилийского Алатау

В области сохранения биоразнообразия растений первоочередной задачей является созда-
ние коллекций живых растений, обеспечивающих сохранение генофонда и служащих научной 
базой для проведения комплексных экспериментальных исследований. Экологические условия 
участка культивируемых лекарственных растений Главного ботанического сада (г. Алматы), рас-
положенного в степной зоне хребта Заилийский Алатау в пределах Северо-Тяньшанской горной 
провинции, опосредованно через загрязнение атмосферы, почвы и воды могут оказывать вли-
яние на процессы органогенеза и химический состав растений. Одним из проявлений антропо-
генных воздействий на растения является присутствие в них тяжелых металлов, особенно свинца 
(Pb), кадмия (Cd) и ртути (Hg). В связи с этим проблема экологической чистоты лекарственных 
растений актуальна, что послужило необходимостью проведения исследований по определению 
содержания тяжелых металлов в почве и растительном сырье. Анализ почвенных проб и расти-
тельного сырья проводился по общепринятым методикам по химическому анализу почв и рас-
тительного сырья. В статье приведены данные морфогенетических свойств окультуренных почв 
участка и растительного сырья 6 культивируемых видов лекарственных растений из семейства 
Lamiaceae: Betonica betoniciflora, Leonurus turkestanicus, Salvia deserta, Mentha longifolia, Thymus 
marschallianus, Ziziphora clinopodioides на содержание токсических (Pb, Cd) и минеральных (Zn, 
Cu) элементов. Установлено, что концентрации тяжелых металлов (Cd, Pb, Zn, Cu) в почвах участ-
ка находятся в пределах ПДК, а в изученных пробах растительного сырья не превышают ПДК 
для пищевых растений и биологически активных добавок на растительной основе

Ключевые слова: Заилийский Алатау, лекарственные растения, морфогенетические свойства 
почв, тяжелые металлы, экологическая безопасность.

Introduction

One of the long-term objectives of the Global 
Strategy for Plant Conservation, as defined by De-
cision X/17 of the 19th Conference of the Parties 
to the Convention on Biological Diversity, is to “…
conserve at least 75% of threatened plant species in 
ex-situ collections, preferably in the country of ori-
gin, and ensure the availability of at least 20% for 
recovery and restoration programs” [1].

In the field of conservation, particularly of medic-
inal, ornamental, and other beneficial plants, the pri-
mary task is to create collections of living plants that 
ensure the preservation of the gene pool and serve 
as a scientific basis for conducting comprehensive 
experimental research. The main activity of botani-
cal gardens, tasked with the mission of ex-situ plant 
conservation, is associated with the mobilization and 
preservation of plant genetic resources [2–5]. 

The deterioration of the environment and cli-
mate change are universally and significantly 
transforming the productivity of Kazakhstan’s 
plant cover, both natural and introduced flora. In 
this regard, research on the cultivation of economi-
cally valuable plants from natural habitats with 
predetermined valuable qualities, determining their 
ecological plasticity and ability for self-renewal in 
new growing conditions, is relevant. Such research 
has comprehensive significance for addressing 
theoretical questions of biomorphology, ecology, 
evolution, and plant introduction, and ultimately 
for ensuring the country’s food and environmental 
security [6–9].

Purpose of Research: assessment of ecological 
safety of plant raw materials of medicinal plant spe-
cies growing in urbanogenic conditions of the Main 
Botanical Garden (MBG, Almaty) in the foothill 
zone of the Zailiysky Alatau.
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Materials and methods 

The research objects were six plant species from 
the Lamiaceae family, cultivated in the medici-
nal plant plot of the MBG: Betonica betoniciflora 
(O. Fedtsch. & B. Fedtsch.) Sennikov, Leonurus 
turkestanicus V.I. Krecz. & Kuprian., Salvia de-
serta Schangin, Mentha longifolia (L.) L., Thymus 
marschallianus Willd., Ziziphora clinopodioides 
Lam. [10].

The research material included plant raw mate-
rials of the cultivated medicinal plant species and 
samples of the dark chestnut foothill soils of the me-
dicinal plant plot of the MBG, located in the steppe 
zone of the Zailiysky Alatau range, subzone of the 
dark chestnut foothill soils (at an altitude of 750–
850 (900) meters above sea level) within the North 
Tien Shan Mountain province [11]. 

The ecological conditions of the medicinal plant 
plot, indirectly through the pollution of the atmo-
sphere, soil, and water, can influence the processes 
of organogenesis and the chemical composition of 
plants. One manifestation of anthropogenic impacts 
on plants is the presence of heavy metals in them, 
especially lead (Pb), cadmium (Cd), and mercury 
(Hg). In environmentally unfavorable areas (urban 
environments), plants accumulate toxic trace ele-
ments. Therefore, the issue of the ecological purity 
of medicinal plants is relevant, necessitating re-
search on the content of heavy metals in them.

Soil research was conducted to determine the 
taxonomic affiliation of the soils in the plot, identify 
patterns of their formation under the conditions of 
medicinal plant cultivation, and assess the current 
state of the soil cover. Studies of edaphic conditions 
determine the relationship between the level of pol-
lution or its absence in the soil-plant system. 

Plant raw material samples for chemical anal-
ysis were collected during the flowering or early 
flowering phase of the plants. There were no exter-
nal signs of environmental pollution effects on the 
plants (such as changes in color, size, or shape of 
vegetative organs). Chemical analysis of plant raw 
material samples was conducted for heavy metal 
content (Cd, Pb, Zn, Cu). 

The fieldwork methodology included laying out 
soil profiles with morphological descriptions of the 
profile, sampling soil for chemical-analytical re-
search. The depth of the soil profiles was determined 
by the depth of the parent rocks [12]. The soil profile 
description included: the sampling point number; 
the position of the profile relative to macro-, meso-
, and micro-relief; description of the plant com-
munity; soil surface characteristics; description of 

genetic horizons. Genetic horizons were identified 
and described based on the following morphologi-
cal indicators: horizon thickness; color and nature 
of the coloration; moisture; structure; composition; 
porosity; granulometric composition; neoplasms; 
inclusions; root system development. Taxonomic 
determination of soil type, subtype, and variety was 
performed according to the accepted classification 
[13, 14].

The main diagnostic features of the soils were 
determined by the following indicators: humus 
content, total nitrogen, mobile forms of nitrogen, 
phosphorus, and potassium, soil solution reaction 
(pH), absorption capacity (sum of absorbed bases), 
water-soluble salt content, granulometric composi-
tion, content of mobile forms of heavy metals. Soil 
samples were taken from genetic horizons charac-
terizing the soil profile to determine the main physi-
cochemical indicators of the soils and taxonomic de-
termination of the type. To sample for heavy metal 
content (Cu, Cd, Pb, Zn), the envelope method was 
used at depths of 0–5 and 5–20 cm [15, 16] to identi-
fy the degree of possible contamination. Soil sample 
analysis was conducted using standard methodolo-
gies in a chemical-analytical laboratory. The assess-
ment of analysis results was performed according to 
the methodology for chemical analysis of soils [17, 
18].

Results and discussion 

The Main Botanical Garden (MBG) in Almaty 
represents a complex of artificially created ecosys-
tems, where to some extent, the negative impact 
of the urban environment is mitigated, and a high 
level of biodiversity is formed. The combination 
of a conservation regime and prolonged anthropo-
genic impact has led to the formation of dark chest-
nut cultivated soils with a set of characteristics and 
properties that differ from their natural counterparts 
[19–21]. 

The long-term cultivation of medicinal plants 
involves the use of agricultural techniques: planning 
the plot area, plowing, organizing planting sites, 
applying organic fertilizers, and a care system that 
includes loosening, weeding, irrigation, and more. 
The use of agricultural practices in creating medici-
nal plant plantations has led to the transformation of 
the soil profile. A characteristic feature of the iden-
tified soils is the alteration of the composition and 
structure of the upper part of the profile, due to the 
formation of planting beds with protective ridges, 
the extended humus horizon, and deep leaching 
from carbonates as a result of irrigation. With the 
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prolonged use of agricultural techniques and me-
dicinal plant cultivation, natural soils have acquired 
characteristics and properties that signify changes 
in the composition and structure of the morphologi-
cal profile, physicochemical properties, determining 
their classification position. According to morpho-
genetic indicators, the soils of the medicinal plant 
plot are classified as normal cultivated dark chestnut 
foothill soils [15, 22].

The morphological characteristics of the foot-
hill dark chestnut cultivated soils in the medicinal 
plant plot are presented in the description of the soil 
profile (Table 1), which was established on August 
27, 2022, in the area with cultivated medicinal plant 
species. 

The humus content in the upper arable horizon 
is low, ranging from 3.21% to 3.77%, gradually de-
creasing with depth to 1.68% to 2.44% (Table 2).

Table 1 – Morphological description of soils

Soil Profile Horizon 
Thickness, cm Morphological Characteristics

 0–4 Grayish-brown, moist, loose, weakly cloddy, medium loamy with plant 
roots

4–14 Brownish-brown, moist, compacted, weakly cloddy-bouldery, medium 
loamy with plant roots

14–30 Brownish-brown, dark, moist, compacted, cloddy-bouldery, medium 
loamy with small yellowish spots of the rock, rare plant roots

30–50 Brownish-brown, yellowish with yellow clay spots, moist, compacted, 
bouldery with small gravel inclusions

50–60 Yellowish-brown, wet, dense, bouldery, light loamy

Table 2 – Chemical properties of soils

Sample 
Depth, cm

 Humus,
%

Total 
Nitrogen,

%
CO2, % pH

Absorbed Bases, mg-eq/100 g soil

Са+2 Мg+2 Nа+ К+ ∑

0–4 3.21 0.169 0.34 7.6 13.60 3.20 0.50 0.28 17.58
4–14 3.77 0.186 0.34 7.5 14.40 3.20 0.52 0.11 18.23
30–40 2.44 0.125 0.37 7.5 13.60 3.20 0.65 0.10 17.55
50–60 1.68 0.084 1.09 8.4 15.20 1.60 0.57 0.13 17.50

The total nitrogen content varies within the 
range of 0.084% to 0.186%. The carbon to nitro-
gen ratio is wide at C:N=11–11.8, which charac-
terizes low nitrogen availability in humus. The 
soils are leached of carbonates down to a depth 
of 60 cm, with a carbonate content not exceeding 
0.34% to 1.09%, which is characteristic of foot-
hill soils developing under conditions of periodic 
irrigation. The soil solution reaction is slightly 
alkaline (pH = 7.5–7.6) in the upper part of the 

profile, and alkaline (pH = 8.4) in the lower part. 
The sum of absorbed bases is low, ranging from 
17.5 to 18.2 mg-eq per 100 g of soil, with uniform 
distribution of values by depth. The absorbed bas-
es are predominantly calcium cation (77–87% of 
the total absorbed bases) with a minor contribu-
tion from magnesium cation (9–18% of the total). 
The availability of nitrogen in easily hydrolyzable 
compounds (2.6–3.5 mg/100 g) is very low to low 
(Table 3). 
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Table 3 – Provision of soils with mobile forms of nitrogen, phosphorus and potassium

Sample Depth, cm
Mobile forms, mg/100 g soil

Nitrogen Phosphorus Potassium
0–4 3.50 2.00 20.64
4–14 3.80 2.13 28.80
30–40 3.20 1.33 15.36
50–60 2.60 0.80 12.00

The availability of mobile forms of phosphorus 
(8.0–21.3 mg/100 g) is average in the upper and 
middle parts of the profile and very low in the tran-
sition horizon to the parent rock. The availability of 

mobile forms of potassium (12.0–28.8 mg/100 g) is 
high to average. The described soils are not saline 
with easily soluble salts, with the total salt content 
not exceeding 0.034–0.046% (Table 4). 

Table 4 – Content of water-soluble salts in soils (% / mg-eq)

Sample 
Depth, cm

The 
total salt 

content, %

Alkalinity
Сl−1 SО4

−2 Са+2 Мg+2 Nа+ K+

 НСО3
− СО3

-2

0–4 0.034 0.015
0.24

 0.000
0.00

0.005
0.15

0.004
0.08

0.006
0.30

0.001
0.10

 0.002
0.07

0.001
0.03

4–14 0.037 0.017
0.28

 0.000
0.00

0.005
0.15

0.005
0.10

0.006
0.30

0.001
0.10

 0.001
0.05

0.002
0.05

30–40 0.039 0.015
0.24

0.000
0.00

0.005
0.15

0.008
0.16

0.006
0.30

0.001
0.10

0.003
0.11

0.001
0.02

50–60 0.046 0.020
0.32

0.000
0.00

0.005
0.15

0.009
0.18

0.007
0.35

0.002
0.15

0.002
0.10

0.001
0.02

The granulometric composition of soils is me-
dium loamy with predominance of coarse dust 
(27.98%) and fine sand (20.48 %) fractions (Ta-
ble 5). The presence of stony fraction in the upper 

horizons is observed in the amount of 2.91-2.97 %, 
which decreases with depth to 1.58-1.69 %. The dis-
tribution of silty-dusty fractions shows a maximum 
of their content in the upper part of the profile. 

Table 5 – Granulometric composition of soils

Sample 
Depth, cm

Fractional content, %,
fraction sizes in millimeters on absolutely dry soil

Stones Gravel Sand Dust Mud
<0.01

ʹ3 3–1  1–0.25 0.25–0.05 0.05–0.01 0.01–0.005 0.005–
0.001 <0.001

0–4 2.91 0.09 17.47 20.48 27.98 8.77 12.38 12.92 34.07
4–14 2.97 1.99 16.10 21.47 28.31 8.27 11.22 14.63 34.12
30–40 1.69 0.00 18.66 21.38 27.93 7.90 11.60 12.53 32.03
50–60 1.58 0.00 11.25 22.84 38.89 7.28 10.56 9.18 27.02
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One of the most important groups of toxicants 
that pollute the soil are heavy metals. These include 
metals with a density greater than 8,000 kg/m3 (ex-
cluding noble and rare metals): Pb, Cu, Zn, Ni, Cd, 
Hg, Co, Sb, Sn, Be. Almost all heavy metals are 
toxic. The anthropogenic dispersion of this group of 
pollutants (including in the form of salts) in the bio-
sphere leads to poisoning or the threat of poisoning 
living organisms. In our research, we analyzed cad-
mium (Cd), lead (Pb), zinc (Zn), and copper (Cu).

Cadmium (Cd): The content of this element in 
soils, in the absence of anthropogenic influence, is 
determined by the composition of the parent rocks 
[23, 24]. In the soil solution, it forms complex ions 
and organic chelates. The mobility of cadmium in 
soils depends on the reaction environment and the 
redox potential. Cadmium is more mobile in acidic 
environments and is more available to plants. Soil 
contamination with cadmium is one of the most dan-
gerous ecological phenomena due to the potential 
for its accumulation in plants above normal levels 
even at low soil concentrations. 

Lead (Pb): A priority toxicant element, sol-
uble lead compounds are poisonous. The Clarke 
value of Pb in the Earth’s crust is 16.0 mg/kg [25]. 
Compared to other heavy metals, it is the least mo-
bile, with its mobility decreasing in alkaline soil 
solution (pH). Mobile Pb is present as complexes 
with organic matter (60–80% of mobile Pb) [26]. 
The natural content of lead in soils is determined 
by the mineralogical and chemical composition of 
the parent rocks [27]. In urban areas, soil contami-
nation with lead is associated with vehicle exhaust 
and industrial emissions.

Zinc (Zn): Important factors affecting the mo-
bility of Zn in soils include the content of clay min-
erals and the pH level. As pH increases, Zn forms 
organic complexes and binds with the soil. With 
organic matter, Zn forms stable compounds, result-
ing in its accumulation in soil horizons with high 
humus content. Elevated zinc levels in soils can be 
due to natural geochemical anomalies and techno-
genic pollution. In garden soils, zinc can accumulate 
to 250 mg/kg or more [27]. 

Copper (Cu) is a relatively inactive metal 
chemically and a weakly migratory element. The 
amount of mobile copper depends on the chemical 
and mineralogical composition of the parent rock, 
soil solution pH, and organic matter content [25, 
28]. Most of the copper in the soil is bound with iron 
oxides, manganese, iron and aluminum hydroxides, 
montmorillonite, and vermiculite. Humic and fulvic 
acids form stable complexes with copper. At pH 
7–8, the solubility of copper is minimal. The main 
signs of copper deficiency in plants are the slowing 
and cessation of reproductive organ formation. Soil 
contamination with mobile forms of heavy metals 
was not detected. Exceeding the maximum permis-
sible concentrations (MPC) for copper, cadmium, 
lead, and zinc was not observed (Table 6). 

Data on the content of mobile forms of heavy 
metals in soils, along with agrochemical indicators, 
provide an understanding of the ecological state of 
the soil cover in the studied area.

According to the results of soil research on 
heavy metal contamination (Cu, Cd, Pb, Zn), ex-
ceeding the MPC [29] for these indicators was not 
identified (Table 6).

Table 6 – Content of mobile forms of heavy metals in soils of the plot, mg/kg

No. Depth, cm Cu Cd Pb Zn

L–02
0–5 0.20 0.06 0.00 2.46

5–20 0.16 0.08 0.08 1.44
MPC 3 1 6 23

As a result of the research, it was found that the 
foothill dark chestnut cultivated soils of the me-
dicinal plant plot are characterized by an extended 
humus horizon. This is due to the processes of hu-
mus leaching into the lower horizons of the soil 
profile under the influence of the periodic irriga-
tion system and deep leaching of carbonates. The 
differentiation into genetic horizons is unclear, the 
structure is loose, and the composition of the upper 

horizons is loose. The humus content is low to very 
low (1.68–3.77%) with low nitrogen availability in 
the humus. The absorption capacity (by the sum of 
absorbed bases) is low, indicating a low sorption ca-
pacity with a low content of exchangeable cations 
that contribute to structure formation. The soils are 
leached of carbonates, not solonetzic, and do not 
contain easily soluble salts. They are medium loamy 
in granulometric composition.
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The analysis of results on the content of nutri-
tion elements (NPK) in soils of the site showed low 
and very low provision of soils with nitrogen of eas-
ily hydrolyzable compounds (2.6–3.5 mg/100 g); 
average and very low provision with mobile forms 
of phosphorus (8.0–21.3 mg/100 g); increased and 
average provision with exchangeable potassium 
(12.0–28.8 mg/100 g). No exceeding of the maxi-
mum permissible concentrations (MPC) of heavy 
metals in the plot soils was found.

The chemical composition of plants is formed 
under the simultaneous influence of various factors, 
which can be combined into two groups: internal, 
determined by plant physiology, and external, re-
flecting the influence of the surrounding abiotic and 
biotic environment. The biogenic migration of mi-
croelements is characterized by their involvement 
in the small biological cycle of substances (into 
organisms and their transformation products), dur-
ing which differentiation and selective absorption 
of microelements occur. Zinc, copper, and cad-
mium, which are elements of weak accumulation 
and medium capture, are absorbed to the greatest 
extent, while lead is element of weak accumulation 
and very weak capture [30]. Biological absorption 
of microelements varies for different plant species 
growing under identical edaphic conditions.

The accumulation of various toxicants in parts 
of plants used as medicinal raw materials is due 
to the impact of technogenic pollution. The soil-
ecological conditions of plant growth significantly 
influence the variability of the chemical composi-
tion of plants. A relationship has been established 
between the content of certain chemical elements in 
the soil and the production of specific groups of bio-
logically active substances by plants [31, 32].

The chemical composition of plants is signifi-
cantly determined by the physicochemical prop-
erties of soils (pH, granulometric composition, 
organic matter content, etc.), which influence the 

availability of microelements to plants, the biologi-
cal characteristics of plant species, the intensity of 
anthropogenic load, and the physiological role of 
heavy metals [33]. The absence of natural accumu-
lation limits of microelements in plants is the main 
prerequisite for conducting relevant research. Cur-
rently, when assessing the contamination of me-
dicinal plant raw materials with heavy metals, the 
permissible levels adopted for tea, vegetables and 
fruits, and plant-based dietary supplements are used 
as indicative criteria for ecological purity [34–36].

Cadmium (Cd): an element of high toxic-
ity. Cadmium ions are highly mobile in soils, eas-
ily translocate into plants, and enter the bodies of 
animals and humans through food chains. Cadmium 
salts possess mutagenic and carcinogenic proper-
ties and represent a potential genetic hazard. In hu-
man and animal nutrition, cadmium is a cumulative 
poison. The normal content of cadmium in plants is 
0.05–0.2 mg/kg of air-dry mass, with a presumed 
maximum of 3 mg/kg [24]. The permissible level is 
1.0 mg/kg [35]. 

The minimum content of the element was found 
in Menta longifolia plants, and the maximum in Bet-
onica betoniciflora and Salvia deserta plants.

Lead (Pb): Under natural conditions, lead is 
present in all plants, but its role in metabolism has 
not been identified. Lead is one of the main com-
ponents of chemical environmental pollution and is 
toxic to plants. Lead enters plants through two path-
ways: absorption by roots and leaves. Normal lead 
concentrations in plants are considered to be 0.1–5 
mg/kg of air-dry mass, with a presumed maximum 
of 10 mg/kg [24]. The permissible lead concentra-
tion level is 6.0 mg/kg for plant-based dietary sup-
plements [35].

The minimum content of the element was found 
in Menta longifolia plants, максимальное – в 
растениях Ziziphora clinopodioides, Betonica bet-
oniciflora and Salvia deserta plants (Table 7).

Table 7 – Standardization of microelements content in plants, mg/kg dry matter according to V.B. Ilyin [24]

Element Cd Pb Zn Cu
Content

Deficient – – <20 <5
Normal 0-0.5 2–14 25–250 6–15
Toxic >100 – >400 >20
Average in the vegetation of 
continents [37] 0.035 1.25 30 8.0
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Zinc (Zn): The primary functions of zinc in 
plants are associated with the metabolism of carbo-
hydrates, proteins, and phosphates, the formation of 
auxin, DNA and ribosomes. The content in plants 
varies between 15–150 mg/kg dry matter. In indus-
trial areas, zinc levels in plants can exceed back-
ground levels. The presumed maximum zinc content 
in plants is 300 mg/kg air-dry mass [24]. Plants that 
produce carbohydrates selectively absorb Zn. Zinc 
has weak phytotoxicity, which manifests with a 
significant increase in its soil content. Signs of zinc 
toxicity in plants appear when its content in tissues 
reaches 300–500 mg/kg dry matter [28].

The minimum content of the element was found 
in Betonica betoniciflora и Salvia deserta plants, 
while the maximum was found in Menta longifolia 
and Leonurus turkestanicus plants (Table 7).

Copper (Cu): In plants, copper is involved 
in photosynthesis, respiration, nitrogen reduction, 
and fixation processes. Copper is a component of 
oxidase enzymes such as cytochrome oxidase, ce-
ruloplasmin, superoxide dismutase, urate oxidase, 
and others, and participates in biochemical pro-
cesses as part of enzymes that catalyze substrate 
oxidation reactions with molecular oxygen. Plants 
that produce alkaloids selectively absorb Cu. The 
normal content of copper in plants is 3–40 mg/kg 
air-dry mass, with a presumed maximum of 150 
mg/kg. Copper content in vegetation rarely ex-
ceeds 10 mg/kg [28].

The minimum content of the element was found 
in Betonica betoniciflora and Salvia deserta plants, 
while the maximum was found in Menta longifolia 
plants (Table 7).

The content of cadmium (Cd) and lead (Pb) in 
all plant raw material samples is not deficient, is 
considered normal, is not toxic, and is within aver-
age values for continental vegetation, not exceeding 
the maximum permissible concentrations (MPC) for 
dietary supplements and tea (Table 7).

The content of zinc (Zn) in plant raw material 
samples (Betonica betoniciflora, Salvia deserta) 
is slightly deficient, below normal, non-toxic, and 
below average values for continental vegetation. In 
plant raw material samples from Leonurus turkes-
tanicus, Menta longifolia, Thymus marschallianus, 
Ziziphora clinopodioides, zinc content is not defi-
cient, considered normal, non-toxic, and above av-
erage values for continental vegetation (Table 7).

The copper (Cu) content in all plant raw material 
samples is not deficient, is considered normal, is not 
toxic, and is within average values for continental 
vegetation, not exceeding the maximum permissible 
concentrations (MPC) for tea (Table 7).

No exceedance of the maximum permissible 
concentrations in plant raw materials was found 
(Table 8). Changes in the chemical composition of 
plants begin to occur with a tenfold increase in the 
total amount of heavy metals compared to the back-
ground content. 

Table 8 – Heavy metal content in plants, mg/kg dry matter

Name of plant
Element

Cd Pb Zn Cu
Betonica betoniciflora (O. Fedtsch. & B. Fedtsch.) Sennikov 0.0729 0.5017 2.1068 17.1223
Leonurus turkestanicus V.I. Krecz. & Kuprian. 0.0374 0.4578 2.1682 38.6319
Mentha longifolia (L.) L. 0.0108 0.2467 2.5611 49.2217
Salvia deserta Schangin. 0.0729 0.5017 2.1068 17.1223
Thymus marschallianus Willd. 0.0422 0.4038 2.3072 34.0608
Ziziphora clinopodioides Lam. 0.0623 1.0567 2.1326 32.0269
MPC for dietary supplements 1.0 6.0 – –
MPC for tea 1.0 10.0 – 100.0

Conclusion

The first assessment of ecological safety of plant 
raw materials of six cultivated species of medicinal 
plants of Lamiaceae family on the content of toxic 
(Pb, Cd) and mineral (Zn, Cu) elements, as well 

as the results of soil analysis of the collection plot 
of medicinal plants of the Main Botanical Garden 
(Almaty), indicate that their content depends on the 
species of plants. The results of assessment of eco-
logical safety of plant raw materials of medicinal 
plants species tested in the conditions of MBG of 
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Almaty can be used for further studies of ecological 
purity of medicinal plant raw materials.
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