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In this article data of a long-term research of the main regularities of distribution of heavy metals (Cu, Zn,
Mn, Co, Pb, Cd) in plants of dry-steppe zone of the East Kazakhstan region are described. The field under
study is of considerable scientific significance, as it includes the former nuclear plant of Semipalatinsk, as
well as the protected area of the Abai Museum-Reserve. Zone typical plants of a steppe and desert-steppe
zone were investigated; all 100 tests of plants, 18 views from 6 families were studied. It is shown that the
wild vegetation of the study region contains much higher amounts of lead than cobalt. A significant scat-
ter in the content of heavy metals in wild plants is characteristic. The maximum change in heavy metals
is observed in cadmium (72%) and manganese (62%), the minimum change in zinc (25%). For the
researched region by the level of biological absorption by plants, copper, manganese, cobalt, lead belong
to the group of elements of average absorption; zinc, cadmium – to a group of elements of intense
absorption. For zinc and cadmium, biogenic migration, apparently, can act as the main factor in the
migration of these elements in the landscape. For zinc a basipetal distribution in various parts of plants
is shown, and for copper and manganese an acropetal distribution in various parts of plants is revealed.
Cobalt, lead and cadmium are characterized by the greatest accumulation in the roots of plants, while the
content of these heavy metals in plant stems is minimal.
� 2019 Elsevier Ltd. All rights reserved.
Selection and Peer-review under responsibility of the scientific committee of the International Confer-
ence on Future Generation Functional Materials and Research 2020.
1. Introduction

Regulation of environmental quality is impossible without an
adequate assessment of its current state. Obtaining such informa-
tion based on the background study, evaluation and forecast of the
state of natural objects, including plants, is the main task of the
global environmental monitoring system. Information on these
issues will help to predict the accumulation of these toxicants in
products of plant origin, normalize their admission to the trophic
migration chain and develop measures to limit this income in
order to produce environmentally friendly products [1–4]. In con-
nection with the growth of human impact on the biosphere, a real
danger of its negative consequences on the environment has been
created. The most important pollutants in the atmosphere, water
and soils are heavy metals (HM) [5–9]. HM are special pollutants,
so determining their content in the environment and monitoring
their transformations in air, water and soil are mandatory and sys-
tematic. HM take the second place by degree hazards, second only
to pesticides and well ahead of well-known pollutants such as car-
bon dioxide and sulfur. It is possible that they may become more
dangerous in the future than waste from nuclear power plants
and solid waste. Heavy metal pollution is associated with their
widespread involvement in industrial production. Methods of
cleaning industrial enterprises from the products of their activities
are imperfect, so heavy metals fall into the environment, including
the soil, polluting and poisoning it.

The establishment of theoretical bases for regulating the quality
of HM in natural objects is an especially significant and urgent
challenge because of the rise in the rate of industrial production
h 2020.
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[10–12]. Data on the historical quality of HM of the observed terri-
tory’s natural resources is very useful from a realistic point of view,
because it offers knowledge on the resilience of habitats of relation
to future temperature and geochemical shifts due to global and
regional anthropogenic impacts. In fact, these data offer an ability
to forecast food, animal and human epidemiological diseases [13–
17]. Intake of HM into plants is influenced by factors such as plant
types, soil type, concentration, soil composition, soil pH, particle
size distribution, organic matter content, cation absorption ability
in soil, and the presence of anthropogenic pollution sources. In
addition, the distribution of HM within the plant depends on the
physiological functions performed by the plant’s various organs,
their morphological structure and the physiological functions per-
formed by the chemical elements [18–21]. Thus, the current selec-
tive absorption by plants of chemical elements should be viewed
more broadly: not only as a collection of elements essential for
metabolism, but also as an opposition to element entry. Selective
absorption rates are numerous in a plant organism: from less alert
(at the border of the root environment) to more rigid (in terrestrial
organs, in particular at the border of stem seed (fruit). Chemical
elements enter the plant in favorable proportions for life-activity
due to selective absorption [22–24].

The purpose of the research was to define the level of HM accu-
mulation by various types of wild vegetation of the East Kaza-
khstan region.
2. Materials and methods

East Kazakhstan region is located in the eastern part of Kaza-
khstan, on the border with Russia and China (Fig. 1a).

This area covers a very large variety of geological and climatic
areas from the Altai in the east and eastern edges of the Kazakh
steppes in the west of the region [4,25]. The flora and fauna of East
Kazakhstan is amazing and diverse (Fig. 1b). About 90% of the
republic’s forest wealth is concentrated in the region. The study
area’s vegetation cover is characterized by considerable diversity
and is typical of steppe, and partially desert-steppe zone
[10,14,26–28].

Steppe and desert-steppe-zone typical plants were investigated
in the research zonal; a total of 100 plant samples were analyzed,
18 species from 6 families. Samples of all available genetic hori-
zons of the soil segment were taken for analyses. Standard meth-
ods were used to determine the composition of all the soil
samples (pH, humus, CO2 carbonates, distribution of particle size)
[4,10]. The content of HM in the studied soils was determined on
a KFK-3 device using the photocolorimetric dithizone method
based on measurement of an optical density of the painted extract
Fig. 1. East Kazakhstan: a- a map of Kazakhstan regions, East Kazakhstan region is shown
the references to color in this figure legend, the reader is referred to the web version of
according to G.Ya.Rinkis’s prescription [29–31]. The reproducibility
of the method is ±4.2%, sensitivity of a method is 0.01 mkg/ml. The
selection of fractions of heavy metals was performed by the
method of parallel extraction. All analytical material is processed
by the method of mathematical analysis and mathematical statis-
tics in soil science according to the method of E.A. Dmitriev [24,30].
3. Results and discussions

The features of absorption of chemical elements by vegetation,
described in the scientific literature [18,22,32–40], are mainly
manifested in the study area.

The distribution of HM in vegetation has the following descend-
ing series: Mn > Zn > Cu > Pb > Co > Cd (Table 1). Wild vegetation of
the studied region has a significant amount of lead than cobalt.
Characteristic is a significant variation in the content of HM in wild
plants. The maximum variation of HM occurs in cadmium (72%)
and manganese (62%), the minimum variation in zinc (25%).

The significant variability of metals in plants is due to their
genotypic specificity, their geochemical and ecological environ-
ment. To assess the geochemistry and physiological role of each
chemical element, it is important to know not only its content,
but also the intensity of utilization of this element by the plant
[35]. As shown in Table 1 according to the value of coefficient of
biological absorption (CBA), which indicates how many times the
element content in plant ash is more than in the lithosphere, Cu,
Co are elements of the average biological capture and weak accu-
mulation in plants; Zn, Mn, Pb – refers to the elements of strong
biological accumulation and Cd - to the elements of energetic bio-
logical accumulation (in calculating the CBA, the average content of
elements in the crust was calculated by A.P. Vinogradov [34,35]).

According to the CBA level, the elements under study are in the
following descending order:

Cd (45.9) > Zn (2.1) > Mn (1.2) > Pb (1.1) > Co (0.9) > Cu (0.6).
Data on the ecological regularity of the accumulation of heavy

metals by the same plant species on different types of soils are
shown in Fig. 2.

The results of this study show that the same plant species accu-
mulates different amounts of heavy metals on different types of
soils [12,13,41–43]. So, for example, the content of the heavy met-
als under study changes as follows: copper – 1.1–3.5 times, zinc –
1.1–3.2 times, manganese – 1.1–2.5 times, cobalt 1.1–2.0 times,
lead – 1.1–3.3 times, cadmium – 1.1–6.3 times. It was revealed that
the content of heavy metals in the families of plants of the studied
area depends on both their content in the soil and the situation
with the mineral nutrition characteristic of the given type of soil.
by red color; b- picturesque vegetation of the East Kazakhstan. (For interpretation of
this article.)



Table 1
Results of determination of heavy metals content in the general vegetation population of the study area (n = 100).

Element In dry weight of plants In the ashes of plants CBA

Kv M ± m V Kv M ± m V

Cu 0.5–4.1 2.0 ± 0.1 43 6.6–84.0 26.4 ± 0.1 56 0.6
Zn 3.6–17.0 12.5 ± 0.4 25 41.9–401.5 171.9 ± 11.7 48 2.1
Mn 7.7–297.1 100.9 ± 8.8 62 89.6–5,932.6 1,199.1 ± 142.1 84 1.2
Co 0.4–2.9 1.2 ± 0.1 50 3.0–74.1 15.3 ± 1.9 88 0.9
Pb 0.4–4.0 1.5 ± 0.1 47 2.9–64.8 18.2 ± 1.8 71 1.1
Cd 0.07–2.07 0.50 ± 0.05 72 0.80–27.04 5.97 ± 0.69 82 45.9

Note: CBA-Coefficient of biological absorption; n is the number of samples; Kv is a range of variation, mg/kg; M ± m is the arithmetic average and its error, mg/kg; V -
coefficient of variation, %.

Fig. 2. The results of determining the content of heavy metals in various plant species growing on various types of soils in East Kazakhstan.
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This is evidenced by the value of the coefficient of biological
absorption (CBA), which allows us to indirectly judge the degree
of availability of elements in the soil for plants. As a rule, the higher
the CBA value, the greater the element content in the plant. Differ-
ences in the accumulation of heavy metals by the same plant spe-
cies on different types of soil are related to both the biological
characteristics of plants and environmental conditions, differences
in the content and bioavailability of various chemical elements in
soils [14,15].

The content of HM in plants of the botanical families studied is
distributed in order, shown in Fig. 3.

The variation in the content of HM in the botanical families of
plants in the study area is small and averages: copper-35.0%,
zinc-19.0%, manganese-34.8%, cobalt-46.7%, lead-43.3%, and
cadmium-51.5%. Due to selective absorption, chemical elements
enter plants in favorable proportions for life [16–19]. This is espe-
cially noticeable in various plant organs, where chemical elements
have a specific function.

The distribution of heavy metal content in different parts of
plants is shown in Fig. 4.
Fig. 3. Results of determining the content of heavy metals i
Thus, it is established that zinc is characterized by a basipetal
distribution in various parts of plants, and copper and
manganese-by an acropetal distribution in various parts of plants.
A slightly different pattern of distribution by morphological organs
of plants was found for cobalt, lead and cadmium. These latter
heavy elements are characterized by the greatest accumulation
in the roots of plants, while the content of these heavy metals in
plant stems is minimal.

4. Conclusion

The study of the features of heavy metals (Cu, Zn, Mn, Co, Pb,
Cd) distribution in plants of dry-steppe zone of the East Kazakhstan
region (Republic of Kazakhstan) have been described. The content
of heavy metals in wild plants of the region is strongly dependent
on their genetics, plant species. The high variability of content of
heavy metals in plants is characteristic of wild-growing vegetation
of the explored region. For the studied region by the level of biolog-
ical absorption by plants, copper, manganese, cobalt, lead belong to
the group of elements of average absorption; zinc, cadmium - to a
n various Botanical families of plants in the study area.



Fig. 4. Results for determining the content of heavy metals in plant parts with a total population of wild plants (n = 100).
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group of elements of intense absorption. For zinc and cadmium,
biogenic migration, apparently, can act as the main factor in the
migration of these elements in the landscape. The variation in
the content of HM in the botanical families of plants in the study
area is small and averages: copper-35.0%, zinc-19.0%, manganese-
34.8%, cobalt-46.7%, lead-43.3%, and cadmium-51.5%.
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