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Peculiarities of heavy metals accumulation by C/adochaeta
candidissima under conditions of the polymetallic biogeochemical
provinces in the territory of the North Ossetia

Osobenosti akumulacije teSkih metala kod C/adochaeta candidissima
u uslovima polimetalnih biogeohemijskih provincija na teritoriji
Severne Osetije
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Abstract: The content of heavy metals (Pb and Cd) in Cladochaeta candidissima plants in North Ossetia is variable
and, as a rule, depends on their content in soils. The studied plants are not Pb accumulators, although they contain
relatively high concentrations of this element in places of lead anomalies. But, naturally, they reflect its content in
the soil and can help identify the dispersion halos of this element. We have established for the first time that
Cladochaeta candidissima accumulates cadmium and has a high phytoremediation potential. It can be used in
environmental monitoring of soils and phytoremediation of anthropogenic landscapes of North Ossetia contaminated
with both Cd and Pb.
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Sazetak: Sadrzaj teSkih metala (Pb i Cd) u biljikama Cladochaeta candidissima u Severnoj Osetiji je promenljiv i po
pravilu zavisi od njihovog sadrzaja u zemljiStu. Ispitivane biljke nisu Pb akumulatori, iako sadrze relativho visoke
koncentracije ovog elementa na mestima anomalija olova. Ali, prirodno, one odrazavaju njegov sadrzaj u tlu i mogu
pomodi u identifikaciji oreola disperzije ovog elementa. Po prvi put smo utvrdili da Cladochaeta candidissima
akumulira kadmijum i ima visok fitoremedijacioni potencijal. Moze se koristiti u ekoloSkom monitoringu zemljista i
fitoremedijaciji antropogenih predela Severne Osetije kontaminiranih sa Cd i Pb.

Klju€ne reci: akumulacija, olovo, kadmijum, teSki metali, elementi u tragovima, biljke, fitoremedijacija..
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INTRODUCTION

In North Ossetia, in the Ardon River basin, the
Sadon group of lead-zinc polymetallic deposits is
concentrated. Long-term mining in this area has had
a negative impact on the environment. The cons-
equences of the activities of the Mizur Mining and
Processing Plant and the storage of waste in the
Unal tailings dump, located near the village of
Nizhny Unal, have led to significant pollution of the
environment with heavy metals. In this regard, there
is an urgent need for phytoremediation of contam-
inated areas. The main task is to search for plants -
accumulators and indicators of soil pollution in order
to identify the dispersion halos of such toxicants as
lead and cadmium. We have found that Cladochaeta
candidissima plants growing in those places contain
high concentrations of lead and cadmium (Ermakov
et al., 2018, 2018a) Therefore, in connection with
the issues of phytoindication and phytoremediation
of polluted landscapes, we studied the ability of this
plant to accumulate heavy metals in areas with
different levels anthropogenic pollution.

1. MATERIALS AND METHODS

The object of the study was Cladochaeta cand-
idissima, a perennial herbaceous plant of the
Asteraceae family, common in the Northern and
Eastern Caucasus, as well as in Transcaucasia
(Golubev, 2021). The plant is densely white-
tomentose. The stems are straight, 10-40 cm high.
The leaves are alternate, entire, lanceolate or
oblong-lanceolate, sessile. The baskets are yello-
wish, collected in a dense corymbose inflorescence.
The fruit is an achene. The distribution of Clad-
ochaeta candidissima plants was studied using the
route method in the Ardon River basin in the Alagir
District of North Ossetia. The total length of the
sampling area was more than 50 km, including the
section from the village of Nizhniy Zaramag to the
city of Alagir. In the surveyed area, samples of the
above-ground part of Cladochaeta candidissima
plants and soils from the root part were collected in
natural and man-made landscapes with varying
levels of lead and cadmium pollution. For each
sampling point, the coordinates were noted: latitude
and longitude (Tables 1, 2). The elements in the
above-ground organs of plants collected during the
vegetation phase and dried at room temperature
were analyzed. The dried plants were ground in an
A11 basic IKA electric mill with a tungsten knife. The
soils were ground in an agate mortar to a powder
state (grain size < 200 mesh).

The trace elements in plants and soils were
determined through atomic absorption spectrometry
(AAS) using KORTEK LLC devices both in the flame
and flameless versions of the assay folloving
standard methods (GOST, 2013; M-MVI-80-2008).
The spectrometer was calibrated using RF standard
plant composition samples including SP-1,SP-2 and
SP-3.The accumulation of elements in the objects of
study was also judged by the value of the coefficient
of biological accumulation (CBN), which was
calculated using the formula: C = element content in
dry biomass plants (mg/kg) / element content in soil
(mg/kg). With a C value of =1, plants were cons-
idered as accumulators (concentrators) of chemical
elements.

2. RESULTS AND DISCUSSION

Cladochaeta candidissima is found scattered in
North Ossetia from the foothill plains to the mid-
mountain belt. It grows in the arid Unal basin, along
dry stream beds and rubble areas, as well as in the
Ardon River basin on coastal pebbles and sands
(Golubev, 2021). Of the surveyed territory (from the
village of Nizhniy Zaramag to the outskirts of the city
of Alagir), in the Ardon River basin we found only in
the area from the village of Nizhniy Unal to the city
of Alagir. The plants are found sporadically, but in
places of growth, as a rule, they form extensive
thickets.

Lead content in plants and soils

It was found that lead and cadmium predom-
inate in the soils of almost all sites in the upper
horizons. Soil analysis showed a very high content
of heavy metals in the urban soils of the vicinity of
the village of Nizhny Unal (Table 1,2).

As a result of soil sampling at experimental sites
in the area of the Unal tailing dump, the oscillation
limits for lead ranged from 255 to 2202 mg/kg (Table
1).

Based on the fact that the maximum permissible
concentrations of lead for soils in Russia are 32
mg/kg (Hygienic standards, 2006), the soils of man-
made sites have very high values of lead content,
orders of magnitude higher than the maximum
permissible concentrations (Table 1). Soil cont-
amination with lead was reflected in the level of its
accumulation by Cladochaeta candidissima (Table
1). At the same time, the lead content in plants
varied from 4.5 to 41.7 micrograms/g. Considering
that the permissible values of lead in plants vary
from 0.1 — 6 mg/kg according to different sources, it
is easy to see that the level of lead reached high
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values and exceeded the maximum permissible
concentrations by 1.5-7.5 times in man-made sites
(Ne 3,4,5,8,11).

The concentrations of this element in the studied
plants in relatively background areas ranged from
2.4-6.9 mg/kg, and in some areas corresponded to
the norm (Table.1). It is noted that the maximum
values for the content of this element relate to plants

growing near the main source of pollution — a tailings
dump. As a result of comprehensive studies
conducted over a large area and on a large amount
of factual material, we have established that
Cladochaeta candidissima does not belong to plants
accumulating lead (The coefficient of biological
accumulation = 0.013 — 0.384), but only "reflects" its
content in soils.

Table 1 — Lead content in soils and plants of Cladochaeta candidissima*

Ne Sampling location Coordinates | oy ong | CBN
GPS
1 Nizhny Unal village. The first terrace of the left bank of N42°51.456" 54 0.013
" | the Ardon River. E 44°08.223° 417,6 '
2 The Unal depression, above the Unal tailings pond. On N42°51.473" 4.5 0.017
" | the pebbles of the right bank of the Ardon River. E 44°08.438" 255 ’
3 The Unal depression, above the Unal tailings pond. N42°51.590° 21 0.044
" | The pebbles of the left bank of the Ardon River. E 44°08.607 478,8 '
The Unal depression basin, above the Unal tailings N42°51.614" 10.5 0.023
4. | pond. Above-floodplain terrace on the left bank of the E 44°08.621° AI’— '
X 8,2
Ardon River.
The Unal depression basin, above the Unal tailings N42°51.776" 417
5. | pond. On the pebbles of the right bank of the Ardon E44°08.811° 27’—02 0,019
River, 5 meters from the water's edge.
Surroundings of Nizhny Unal village. Next to the .
" . X ) N42°52.294 0.9
6. | tailings QUmp. Alluvial soils of the right bank of the E 44°09 353" 61.80 0,014
Ardon River.
4 On the banks of the Ardon River N42° 54.219° 3.6 0.056
" | (between the village of Zintsar and the village of Biz). E 44°10.370° 63,60 ;
8 Surroundings of Biz village. The bank of the Ardon N42°54.955" 45 0.384
" | River. E 44°10.871° 117 '
. . . . N42°55.856" 2.7
9. | Between the village of Biz and the village of Tamisk E 44°11 698" 107,40 0,025
. . N42°57.303" 3.6
10. | Tamisk. The bank of the Ardon River. E 44°12 784 171.6 0,021
11 Between the village of Tsementny and the city of N43° 00.373" 6.9 0.106
" | Alagir. Industrial area. Stony areas. E 44°13.515° 64,8 '
12 Coastal sands and pebbles in the floodplain of the N43° 01.505° 2,4 0.041
" | Ardon River near the town of Alagir E 44°13.940° 58,2 '
. . . . . N43°01.930° 2.4
13. | The city of Alagir. Alluvial soils of the Ardon River. E 44°14 128" 582 0,041

*Note: the numerator is the lead content in Cladochaeta candidissima plants, the denominator is the lead

content in soils; CBN is the coefficient of biological accumulation.

Cadmium content in plants and soils

As a result of soil sampling and analysis in the
area of Unal tailing dump it was shown that the limits

of variation for cadmium ranged from 1.80 to 66.0
mg/kg (Table 2).
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Table 2 — Cadmium content in soils and plants of Cladochaeta candidissima*

Ne Sampling location Coordinates Cd, mg/kg CBN
GPS
1 Nizhny Unal village. The first floodplain terrace of N42° 51.456° 2,79 155
) the Ardon River. E 44°08.223° 1,80 ’
5 Unal depression, above the Unal tailing pond. N42°51.473" 2,80 151
) Pebbles of the right bank of the Ardon River. E 44°08.438° 1,85 ’
3 Unal depression, above the Unal tailing pond. N42°51.590° 2,97 0.79
) Pebbles of the left bank of the Ardon River. E 44°08.607° 3,72 '
4 Unal depression, above the Unal tailing pond. N42°51.614" 6,00 115
) Upland terrace of the left bank of the Ardon River. E 44°08.621° 5,22 '
Unal depression, above the Unal tailing pond. o .
5. On pebbles on the right bank of the Ardon River, N42 051 776 . 5.90 0,41
- E 44°08.811 14,22
five meters from the water's edge. ) !
The vicinity of Nizhny Unal village. Near the o .
6. | tailing dump. Alluvial soils of the right bank of the N s 28 0,04
Ardon River. ) ’
7 The bank of the Ardon River. Between the village N42° 54.219° 3.30 220
) of Zintsar and the village of Biz. E 44°10.370° 1,50 '
8 The outskirts of Biz village. On the bank of the N42°54.955° 1,14 317
) Ardon River. E 44°10.871° 0,36 '
o . N42°55.856° 4,95
9. Between of Biz villages and Tamisk E 44°11.698° 072 6,87
. . N42°57.303° 2,97
10. Tamisk. The bank of the Ardon River. E 44°12 784 032 9,28
11 Between the village of Tsementny and the city of N43° 00.373° 2,70 750
' Alagir. Industrial area. Stony areas. E 44°13.515° 0,36 '
12 Coastal sands and pebbles in the floodplain of N43° 01.505° 2,34 975
) the Ardon River near the Alagir town. E 44°13.940° 0,24 '
13 Ardon River floodplain. Alluvial soils. Near the N43° 01.930° 1,68 730
' Alagir town. E 44°14.128° 0,23 ’
14 Alluvial soils of the Ardon River outside the Alagir N43° 03.889° 2,22 411
' city. E 44° 14.603" 0,54 ’

*Note: the numerator is the cadmium content in Cladochaeta candidissima plants; the denominator is the
cadmium content in soils; CBN is the biological accumulation coefficient.

Based on the fact that the approximate perm-
issible concentrations of cadmium for soils of pop-
ulated areas in Russia is 0.5 mg/kg (Hygienic
standards, 2009), the soils of technogenic areas
have very high values for cadmium content, which
are orders of magnitude higher than the approx-
imate permissible concentrations (Table 2, Ne1-6).
As the distance from the mining industry area incre-
ases, a decrease in cadmium content to approx-
imate permissible concentrations and below is obs-
erved in the upper soil horizons (Table 2, Ne 7-14).

Soil contamination with cadmium was reflected
in the level of its accumulation by Cladochaeta
candidissima plants (Table 2). The cadmium content
in plants varied from 1.14 to 6.0 mg/kg. Considering
that the permissible values of cadmium content both

in plants and in preparations produced on their basis
vary from 0.03 to 1 mg/kg (Galenko et al., 2021;
Hygienic requirements, 2002), it is easy to see that
the level of cadmium content in Cladochaeta
candidissima in the study area reached very high
values and exceeded the maximum permissible
concentrations by 6 to 38 times. Concentrations of
this element in the studied plants in relatively
background areas varied within the range of 1.14 to
495 mg/kg. These data differ relatively insign-
ificantly from similar data on cadmium concentration
in plants taken from heavily polluted man-made
areas near the Unal tailings dump (2.58—6.0 mg/kg),
which indicates a high adaptive potential and
cadmium-accumulating capacity of Cladochaeta
candidissima plants. The high efficiency of cadmium
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accumulation by plants is indicated by the biological
accumulation coefficient, which decreased with an
increase in cadmium concentration in soils (Table
2).

High concentrations of the element were also
observed in plants growing on soils with relatively
low cadmium content (CBN = 2.20 — 9.75). The
highest accumulating capacity of plants was
demonstrated in soils with a low content (0.24-0.72
mg/kg), the biological accumulation coefficient was
9.75 and 6.87, respectively, which indicates a high
phytoremediation potential of plants. The lowest
accumulative capacity of Cladochaeta candidissima
was observed at higher soil concentrations of this
element from 0.54 to 1.85 mg/kg. The values of the
biological accumulation coefficient were 4.11 and
1.51, respectively (Table 2). At very high values of
cadmium content in soils 3.72 to 66.0 mg/kg, the
accumulative capacity of plants was not pronounced
(corresponding CBN values = 0.79 and 0.04). This
is due to the fact that plants of this species can
withstand cadmium stress enhancement up to
certain values due to an increase in the content of
antioxidant defence components (Sanita di Toppi,
Gabrielli, 1999). When the study objects were
exposed to very high concentrations of cadmium,
presumably, the ability of plants to photosynthetic
assimilation of CO: decreased, oxidative stress
developed as a result of increased formation of
reactive oxygen species and changes in the function
of a number of antioxidant enzymes, i.e. imbalance
of antioxidant defence components was observed.

CONCLUSION

In conditions of polymetallic biogeochemical
provinces in North Ossetia, high content of lead and
cadmium in soils and plants of Cladochaeta cand-
idissima was observed in comparison with cond-
itionally background areas. The highest concentr-
ations of lead were found in plants growing near the
main source of pollution - the Unal tailing dump. On
conditionally background areas the concentrations
of this element in plants are orders of magnitude
lower. The content of lead in plants of Cladochaeta
candidissima is variable and, as a rule, depends on
its content in soil. Despite the fact that in places of
lead anomalies Cladochaeta candidissima contains
relatively high concentrations of this element, it is
not a concentrator of lead. But, it naturally reflects
its content in the soil. Using a large amount of factual
material, we have established for the first time that
Cladochaeta candidissima accumulates cadmium,
has a high phytoremediation potential, and can be

used in ecological monitoring of landscapes polluted
with both cadmium and lead.
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