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INFLUENCE OF CEMENT PLANT
EMISSIONS ON MEDICINAL PROPERTIES
OF MEDICINAL PLANTS IN CENTRAL
YAKUTIA
ABSTRACT

The work is devoted to the study of the influence of cement dust on the medicinal properties of plants, namely the content of flavonoids in plants
of Central Yakutia. Flavonoids being evolutionarily adequate to the human body, cause antioxidant, angioprotective, hepatoprotective, choleretic,
diuretic, neurotropic, anti-oncological and other important pharmacological properties. The plants were collected in areas of high and medium pol-
lution with cement dust. The study found that the plants of each species collected in different environmental conditions, different levels of flavonoids.
In the zone of severe pollution with cement dust (at a distance of 500 m from the plant), the most pronounced decrease in the content of flavonoids in
plants than in other study areas was noted. From the above data it can be seen that the spectrum of the content of substances of secondary synthesis
varies in plants growing in conditions of atmospheric pollution, depending on the zone of influence of cement dust emissions. All species we study
collected in the technogenic zone produce fewer flavonoids than plants collected in the control area. That is connected, in all probability, with the need
to develop adaptive systems to change the cement environment. This fact is a consequence of the response to stress factors of plant organisms.

Consequently, it can be assumed that the content and accumulation of flavonoids depends on the presence and concentration of anthropogenic
impurities in the atmosphere. According to the literature data, it was found that at a distance of 20 m from the plant there was the excess of biogenic
elements B, Zn, Cu. Their high concentration in the soil is manifested in inhibition of growth, increase of lipid peroxidation and permeability of plant

membranes.

Keywords: flavonoids, dietary supplement, cement dust.

Introduction. One of the directions
of development of the pharmaceutical
industry is to increase the range of new
medicines, which include medicinal plant
materials and products dietary supple-
mented on it. Currently, out of hundreds
of thousands of medicines used in world
medical practice, medicinal preparations
from plants make up over 30%.

It has been established that with in-
creasing extremes of climatic growing
conditions in the tissues of a number of
plant species, a greater number of bio-

logically active substances (DIETARY
SUPPLEMENT) are synthesized [5, 7].
Intensive industrial development of
natural resources has a negative impact
on natural ecosystems. Due to emissions
of solid particles, especially ash, soot, ce-
ment dust into the atmospheric air, dust
layers are formed, which slow down the
processes of photosynthesis. Cement
dust, penetrating through the stomata
during the gas exchange of leaves into
plants, affects not only the surface, but
also the cells inside the plant. The more

available moisture reserves from the soil
are consumed, the earlier the plants ex-
perience a water deficit [3]. Photosyn-
thetic activity decreases with an increase
in leaf temperature and the onset of wa-
ter deficiency [6].

“Yakutcement” is the largest cement
plant of republican significance in Yaku-
tia. The plant is located in the village of
Mokhsogollokh Khangalassky district.
Currently, the plant produces up to 300
thousand tons of cement per year, over
500 thousand tons of crushed stone.
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Aerial emissions from this plant, along
with oxides and nitrogen dioxide, sul-
fur dioxide, carbon dioxide and organic
combustion products, contain a signifi-
cant amount of cement, slurry and clinker
dust, which is capable of alkalizing the
environment [8].

We have conducted a study of plants
collected in the zones of influence of ce-
ment dust and motor vehicle exhaust gas-
es on the accumulation of flavonoids in
them. A comparative phytochemical anal-
ysis of vegetation growing on technologi-
cally polluted sites is of great importance
in terms of studying the mechanisms of
plant adaptation to the negative effects of
a polluted environment. Therefore, phy-
tochemical studies are an essential part
of the study of the biological resources of
Yakutia.

Material and research methods.We
studied 8 plants growing in Central Yaku-
tia as the object of study: ordinary tansy
Tanacetum vulgare L. (leaves, flowers),
fireweed angustifolia Chamaenerion an-
gustifolium (L.) Holub. (leaves, flowers),
lanka astalavista Linaria acutiloba Fisch.
ex. Reichenb. (leaves), Mongolian worm-
wood Artemisia mongolica (Bess.) Fisch.
ex. Nakai (leaves), yakut wormwood Ar-
temisia jacutica Drob. (leaves), elecam-
pane British Inula britannica L. (leaves),
dandelion horned Taraxacum cerato-
phorum (Ledeb.) DC. (leaves), yarrow
ordinary Achillea millefolium L. (leaves),
growing in Central Yakutia.

Plant samples were collected from
communities in the vicinity of the “Yakut-
cement” plant in Moksogollokh, Khanga-
lassky district, at a distance of 500 m,
1000 m and 2000 m in a linear, north-
eastern direction. In total, 4 areas were
selected for collecting plants.

Area number 1 is located on an ar-
tificial sand dump 500 meters from the
“Yakutcement” cement plant. There are
14 species in the community, of which
Tanacetum vulgare L., Chamaenerion
angustifolium (L.) Holub., Artemisia mon-
golica (Bess.) Fisch. ex. Nakai., Linaria
acutiloba Fisch. ex. Reichenb., Taraxa-
cum ceratophorum (Ledeb.) DC. dom-
inate. The total projective vegetation
(TPV) cover is 30%.

Area number 2 is located 1000 meters
from the cement plant "Yakutcement",
adjacent to the highway. The objects
of study are located in the larch-for-
bury-cranberry forest with birches and
willows. The stumps from the felling of
trees is marked in the forest and there is
an undergrowth of larch. Larix dahurica
Turcz. ex. Trautv., Betula pendula Roth.,
Salix bebbiana Sarg. are noted in the

tree layer. The closeness of tree crowns
is 5%. In the shrub layer, there are Rosa
acicularis Lindl., Vaccinium vitis-idaea
L., V. uliginosum (L.) In the grassy lay-
er, there are 16 plant species, dominated
by Tanacetum vulgare L., Chamaenerion
angustifolium (L.) Holub., Linaria acutilo-
ba Fisch. ex. Reichenb., Vicia amoena
Fisch., Inula Britannica (L.). The TPV
cover is 40%.

Area number 3 is located 2000 me-
ters from the plant "Yakutcement" and
50 meters from the road. In the steppe
grassy meadow, 15 plant species are
noted, of which Poaangustifolia L., Tarax-
acumceratophorum, Chamaenerionan-
gustifoliumHolub., Tanacetum vulgare L.,
Hordeumjubatum L., LinariaacutilobaF-
isch. exReichenb., Artemisia mongolica
dominate. The TPV cover is 40%.

Area number 4 (control area) is lo-
cated 67 km from the "Yakutcement" in
the district of the village of Tabaga. The
meadow is periodically trampled and eat-
en by cattle. The community includes 12
plant species dominated by Geranium
pratense L., Elytrigia repens (L.) Nevski,
Acetosa thysiflora (Finger.) A. Love et D.
Love, Tanacetum vulgare L., Chamae-
nerion angustifolium (L.) Holub., Potentil-
la bifurca L., Linaria acutiloba Fisch. ex.
Reichenb. The TPV cover is 90%.

Research methods. Geobotanical
descriptions of communities are made
according to the generally accepted
method [4].

Quantitative determination of flavo-
noids was made using the standard meth-
od Shelyuto [9]. The dietary supplementis
of this method is the ability of flavonoids
to complex with aluminum chloride, with
measurement of the optical density of the
complexes in the visible region at a blue
light filter, at a wavelength of 410 nm. In
this case, we used cells with a layer thick-
ness of 0.75 mm. The study was conduct-
ed using a spectrophotometer Specord -
40. Measurements were performed at a
multiplicity of 3 times, 70% ethyl alcohol
was used as an extractant. The calcula-
tion of the number of flavonoids was car-
ried out according to a calibration sched-
ule built according to the routine.

The plant material was collected in
dry weather, during flowering, during the
greatest accumulation of biologically ac-
tive substances, namely in the first dec-
ade of July. Preparation of raw materials
was carried out in a dark, ventilated area.
The loss of raw material mass during dry-
ing was about 90%.

Statistic analysis of the data was per-
formed using by Statistica 19 software.
Standard methods of variation statistics
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were used: the calculation of mean val-
ues, standard errors, 95% confidence
interval. The data in the tables are pre-
sented in the form M + m, where M is the
average, m is the average error. To as-
sess the statistically significant differenc-
es in the data obtained, non-parametric
methods, Student criterion, Spearman
correlation analysis were used. The prob-
ability of the validity of the null hypothesis
was taken at p <0.05.

The discussion of the results. Near
the plant, the area is subject to anthropo-
genic impact, which affects the density of
the projective cover of vegetation. Plant
communities are found in dry disturbed
habitats covered with mud and cement
dust. Currently, the vegetation in the vil-
lage and its surroundings is mainly rep-
resented by anthropogenic ruderal com-
munities. Birch disturbed highlighted by
the presence and dominance in the com-
munity such synanthropic species as: or-
dinary tansy, wormwood Yakut, fireweed
angustifolia, quack grass, lankaastalavis-
ta, dandelion ergonomy, melilotus offici-
nalis, etc.

According to the Pokrovskaya Hydro-
meteorological Service of the Republic of
Sakha (Yakutia), northeast winds prevail
in the study area [8]. This is due to the
fact that the village is located on the open
and high banks of the Lena River. Winds
from the river side (south-west), as a rule,
carry air masses in the northeast direc-
tion. Therefore, we chose the northeast
direction from the cement plant as a
place to gather plants.

The study found that plants of each
species, collected in different environ-
mental conditions, differ in the content of
flavonoids.

Thus, a statistically significant de-
crease in the content of flavonoids was
observed in flowers (Table 2) of plants.
The most pronounced decrease in 2.5
times in the leaves and 2.2 times in the
flowers was noted in Tanacetum vulgare
L., and the smallest in the flowers of Cha-
maenerion angustifolium (L.) Holub.(1.13
times).

In the second section, there was a
significant increase in the level of flavo-
noids compared with the first section of
the study, but it remaining lower than in
the control section. The greatest accumu-
lation of flavonoids in 1.9 times was ob-
served in Tanacetum vulgare L. It should
be noted that an increase in their content
in the leaves and flowers in this area oc-
curred identically.

In the third study area, there was a
decrease in the content of flavonoids in
comparison with the second area. Per-
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Content of flavonoids in the leaves (upper digits) and flowers (lower digits) of plants growing in different distances from the cement

plant "Yakutcement"

Typeofplant 500 m 1000 m 2000 m Controlarea
Ordinary tansy Tanacetum vuleare L 0.2821£0.0006" 0.5397+0.00017* 0.4779+0.0001" 0.7105+0.0073
Ty tansy gare L. 0.2254+0.0006" 0.4356+0.0001* 0.3947+0.0004" | 0.4001+0.0001
[Fireweed angustifolia Chamaenerion angustifolium 0.5258+0.0003" 0.788+0.0009™" 0.6340+0.0006"" 1.0614+0.0006
(L.) Holub. 0.2417+0.0003" 0.3568+0.0001"* 0.3223+0.0211* 0.275440.0001
ILanka astalavista Linaria acutiloba Fisch. ex. 0.2974+0.0001" 0.3786+0.0004" 0.3389+0.0006" 0.4878+0.0028
IReichenb. 0.3425+0.0003" 0.4125+0.0003"" 0.2138+0.0006"* 0.5628+0.0009

*

- significance of differences p<0.05 in comparison with the control area;

*+ - significance of differences p<0.05, compared to the MCP at a distance of 500 m;

“++ - significance of differences p<0.05,compared to the MCP at a distance of 1000 m.

haps this decrease is due to the fact that
at a distance of 2000 meters from the
Yakut Cement plant, plants are less sus-
ceptible to the effects of cement dust, as
evidenced by their higher content than in
the first section. At the same time, this
site is located in the immediate vicinity of
the highway (50 meters) and, most likely,
vehicle exhaust emissions are also likely
to contribute to this accumulation.

The data show that the spectrum of
the content of substances of secondary
synthesis varies in plants growing under
conditions of atmospheric pollution, de-
pending on the zone of influence of emis-
sions of cement dust. All species studied
by us collected in the technogenic zone
produce less flavonoids than plants col-
lected in the control plot. This is due, in all
likelihood, to the need to develop adap-
tation systems to change the cement en-
vironment.Therefore, it can be assumed
that the content and accumulation of fla-
vonoids depends on the presence and
concentration of man-made impurities
in the atmosphere. The reduced produc-
tion and accumulation of flavonoids are
a consequence of the response of plant
organisms to the presence of emissions
of the cement plant (MCP) in the atmos-
phere.

In the process of technogenic impact
on the soil cover in the area of the ce-
ment plant there are significant chang-
es in the chemical composition of soils,
increases their alkalinity and increases
the accumulation of heavy metals, which
subsequently affect the growth and de-
velopment of plants [2].

It should be noted that the soil cover
is one of the contributors to pollutants.
The level of anthropogenic accumulation
of chemical elements in soils is explained
by their concentration, volumes and du-
ration of emissions into the atmosphere.
The study of the chemical composition
of cement dust and its comparison with

the quantitative chemical composition in
the control sod-carbonate soil in the im-
pact zone of emissions from the “Yakut-
cement” plant were carried out by M.M.
Shashurin. As a result of the studies, the
excess of cement dust content was found
in comparison with the soil: Sr— 700 mg/
kg in cement dust (in the control soil 200
mg/kg); Ti — 2000 against 1250 mg/kg; Pb
— 30 against 20 mg/kg; Zn — 400 against
100 mg/kg; Cu — 50 against 8.5 mg/kg in
the control soil [8, 11].

The high concentration of these ele-
ments in the soil is manifested in inhibi-
tion of growth, increase of lipid peroxida-
tion and permeability of plant membranes
[3, 6]. In visual assessment, the main
symptoms of poisoning plants with the
above substances are: yellow tops of
leaves, necrosis of plant tissues (begins
with the edges of the leaves) [6, 15].

Any biotic or abiotic stress (exposure
to pathogenic fungi, bacteria, viruses,
temperature changes, mechanical dam-
age, bright light, ultraviolet radiation,
imbalance of mineral components in the
soil, drought, salinity, exposure to ozone,
herbicides, heavy metal salts) can lead to
intensification of flavonoid biosynthesis
in various anatomical parts of the plant
[9, 13].

In the implementation of the stress-pro-
tective effect lie the antioxidant properties
of these compounds. Any abiotic stress
causes hyperproduction of hydrogen
peroxide in chloroplasts, mitochondria
and peroxisomes of the plant cell, along
with the release of peroxidase and cata-
lase by these organelles [10]. Significant
amounts of H,0O, diffuse into vacuoles
- the main location of flavonoids [12],
which are able to effectively neutralize
H,O, and other active oxygen forms [14].
Their protective function is also carried
out through the formation of barriers to
infection or mechanical damage (tannins,
lignins) and inherent antibiotic activity in

many of them.

A number of authors suggest that fla-
vone compounds increase the tolerance
ofplants to adverse environmental condi-
tions [1, 9]. It is known that in non-typical
habitats its flavonoid complex, reflecting
a specific type of secondary exchange,
varies significantly and does not coincide
with similar profiles characteristic of the
species in this region [1, 13]. In addition,
the objectives of the study included the
study of the flavonoid complex for the
analysis of ecological and cenotic num-
ber of communities growing in the terri-
tory of the Mokhsogollokh Cement plant.
All the above mentioned factors of plant
growth in Yakutia undoubtedly affect the
accumulation of dietary supplement.

Conclusion. The therapeutic proper-
ties of medicinal, pharmacopoeia plants
studied by us in Central Yakutia are
greatly reduced in the areas of strong
and medium pollution with cement dust,
as evidenced by the small accumulation
of flavonoids in these areas than in the
control area. At the same time, in these
two areas, tansy ordinary Tanacetum
vulgare L. can serve as an indicator of
pollution, since the content of flavonoids
in it is most significantly reduced than
in other plants. Man-made loads on the
natural environment around industrial en-
terprises depend on many factors. This
should take into account, first of all, the
volume of emissions into the air and dis-
charges into surface and groundwater of
substances that pollute the environment,
the area of direct mechanical destruction
of soil and vegetation cover in the area
of industrial enterprises, local industries,
the duration of man-made load, natural
conditions.

As the distance from the cement plant
for a distance of up to 2 km, the Gener-
al condition of the vegetation improves,
the plant organs have no external signs
of damage or weakening. It can be as-



sumed that the content and accumulation
of flavonoids depends on the presence
and concentration of anthropogenic im-
purities in the atmosphere. Reduced
production and accumulation of them are
a consequence of the response of plant
organisms to the presence in the atmos-
phere — the emission of MCP. Collection
of medicinal plants near cement plants
is not recommended, as the medicinal
properties of medicinal plants, grown
in such conditions, are reduced. Since
there is an accumulation of carcinogenic
substances, carbonates, which can harm
human health and the environment as a
whole.
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