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Abstract. One of the main processes of soil degradation in the Astrakhan region is soil pollution by anthropogenic
chemicals (agriculture, motor vehicles, and the oil refining industry). Due to the increasing anthropogenic load on
ecosystems, it is necessary to continuously monitor the content and accumulation of chemical elements in both soils
and plants growing in them. The article evaluates the features of the elemental composition (fe, Zn, ni, cu, and mn) of
soils and sandy wormwood Artemisia arenaria (DC, 1838) of the Limansky, lkryaninsky, Kamyzyaksky, and Vo-
lodarsky districts of the Astrakhan region. Using atomic absorption spectrophotometry, the concentrations of chemical
elements in soil and plant samples were determined, and biological accumulation coefficients were calculated based
on the data obtained. Iron and manganese were found to be the most abundant elements in the soils of the Astrakhan
region, while copper was found to be the least abundant. Moreover, copper concentrations in soils exceeded both the
clarke and background levels. The Ikryaninsky district had the highest concentrations of iron, zinc, and nickel, while
the Kamyzyak district had the highest concentrations of copper and manganese. The Limansky district had the lowest
concentrations of most of the metals studied. In terms of concentration in sandy wormwood, chemical elements were
arranged in the following descending order: Fe > Mn > Zn > Cu > Ni. The highest chemical element contents were
observed in plants of the Ikryaninsky and Kamyzyaksky districts, while the lowest contents were found in plants
of the Volodarsky district. The highest values of the accumulation coefficient of chemical elements by plants were
recorded in the Ikryaninsky and Kamyzyaksky districts, with plants actively accumulating only zinc from the soil
(Kn > 1). Cu, Ni, Mn, and Fe migrate from the soil to the plant at a slower rate.
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AnHotamusi. Cpean OCHOBHBIX MPOLIECCOB JETPAIALUK ITOYB ACTpaxaHCKOW 00JIACTH SIBJIAETCS 3arps3HEHHE TTOYBEHHO-
ro IOKPOBa XMMUYECKUMH BELIECTBAMH AHTPOIOI€HHOI'O IIPOMCXOXKICHUS (CeJIbCKOE XO3SIMCTBO, aBTOTPAHCIIOPT,
HedTenepepaboTHIBaOIIAs IPOMBIIIIEHHOCTS). B CBsI3M ¢ ycHIeHneM TeXHOTeHHON Harpy3KH Ha 3KOCHCTEMBI BO3HHKA-
€T HEOOXOMMOCTh B TIPOBEICHNH MOCTOSHHOTO MOHHUTOPHHTA COICPIKAHMS M HAKOTUICHHS XMMHYECKHUX IEMEHTOB Kak
B ITOYBE, TAaK U B PAaCTEHUSIX Ha HUX MPOM3PACTAIOMNUX. B cTaThe mpoBeieHa oneHka 0COOEHHOCTEl 37IeMEHTHOTO COCTaBa
(Fe, Zn, Ni, Cu 1 Mn) no4B u noyeIHYU iecuanoit Artemisia arenaria (DC, 1838) JIumanckoro, UkpsHrHCKOTO, KambI-
3sKcKoro u Bomogapckoro paiioHOB ActpaxaHckoil obiactu. MeTonoM aToMHO-a0COpPOLMOHHOM CIIeKTPOGOTOMETPUH
oIpe/ieNeHbl KOHIEHTPAMY XUMHYECKUX JJIEMEHTOB B IP00ax MOYB U PACTCHHH, a TaKKe HA OCHOBAHUHM MOJIyYEHHBIX
JAHHBIX PacCYUTaHbl KOADGUIMEHTHI OHOJIOrMYecKOro HakorieHusl. OTMEYeHO, YTO B MOYBAaX ACTpaxaHCKOH olnacTu
10 KOHIIEHTPALUU NpeolIIaialii JKeae30 U MapraHell, a MeHbIle Bcero oOHapyxeHo Meau. [Ipu 3ToM B moyBax ycTaHOB-
JIEHO TPEBBIIICHIE KIapKOBOTO M ()OHOBOTO 3HAUCHHUH Menu. VIKpSHUHCKUI paiioH oTiandascss HauOONBIIMMH KOHIICH-
TpamsIMH XKeNe3a, IMHKA M HUKENs B IouBax, a KamMberskckuil paiion — Mean u Mapranna. HanMeHbIIMME KOHIIEHTpa-
LSIMH OOJTBIIMHCTBA HCCIESIOBAaHHBIX METAILIOB OTn4aics JInmmanckuii paifioH. I1o KOHIIEHTpaiK B TIOJBIHY TTECYaHOH
XHMHYECKHUE JIEMEHTHI Paclojlaralich B ClegyromeM yosmatomeM psaay: Fe > Mn > Zn > Cu > Ni. HauGonbmree co-
Jep)KaHWe XUMUUYECKUX DJIEMEHTOB OTMEUECHO B pacTeHusx VkpsiHUHCKOro u KaMbI3sKCKOro paifoHOB, a HauMEHbIIee
coziepyKaHKe BBIIBICHO B pacTeHusix Bononapckoro paiiona. Hanbosblime BeanuuHbl KO3 QUINEHTa HAKOTUICHHUS XH-
MHYECKUX DJIEMEHTOB pacTeHHsIMU 3aduKcupoBaHbl B MkpsHuHCKOM M KaMBI3siKckoM palioHe, NpU 3TOM JIMIIb LUHK
pacTeHue CIoCcOOHO aKTUBHO aKKyMyJHpoBaTh 13 moussl (KH > 1). Cu, Ni, Mn u Fe u3 nouss! B pacTeHue nepexosr
C MEHBIIEH CKOPOCTHIO.

KiioueBble ¢/10Ba: XUMHYECCKHE DJICMCHTHI, ITOJIBIHG II€CYaHasdA, I104YBa, HAKOIUICHHEC, ACTanaHCKa}I 06HaCTL, KO3(I)-
(1)I/IHI/ICHT HaKOIITICHUA

Jas nuruposanmsi: Epwosa T. C., [lanyenxo C. B., labosny H. I Anamu3 cogepxanus Fe, Zn, Ni, Cu u Mn
B cHUCTeMe «mouBa — Artemisia arenaria» ActpaxaHnckoir obmactu // Hedrera3zoBble TEXHONOTHH U DKOJIOTHYECKAS
6e3omacHoCTh. 2026. Ne 2. C. 63—68. https://doi.org/10.24143/1812-9498-2026-2-63-68. EDN OXIDBX.

Introduction

The Astrakhan region is acutely aware of problems
associated with soil degradation and pollution, caused
by anthropogenic processes. Anthropogenic processes
that aggressively impact the soil surface alter the natu-
ral functioning of soils, resulting in a deterioration of
their properties and, consequently, a decrease in their
natural and economic value [1].

One of the main processes of soil degradation in
the Astrakhan Region is soil pollution by anthropogen-
ic chemicals (agriculture, motor transport, and the oil
refining industry) [2].

Due to the increasing anthropogenic load on eco-
systems, there is a need for continuous monitoring of
the content and accumulation of chemical elements in
both the soil and the plants growing in it. The study of
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metal behavior in the soil-plant system is becoming
increasingly important and can be used to predict the
intensity of biogenic migration and to assess the state
of soil contamination in a region.

Based on the above, the objective of this study was
to evaluate the elemental composition of soils and
sandy wormwood Artemisia arenaria (DC, 1838) in
the Limansky, Ikryaninsky, Kamyzyaksky, and Volo-
darsky districts of the Astrakhan region.

Materials and Methods

The study involved soil samples and Artemisia
arenaria (DC, 1838) (Fig. 1), collected from agricul-
tural lands in the Limansky, Ikryaninsky, Kamyzyak-
sky, and Volodarsky districts.
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Fig. 1. Artemisia arenaria (DC, 1838)

Artemisia arenaria is a host for diverse communi-
ties and a unique test species for assessing the health
of plant communities and vegetation. The abundance
of this species in the Astrakhan region reaches 80%.

The study was conducted at the Department of Hy-
drobiology and General Ecology at the Astrakhan
State Technical University.

Chemical elements (Fe, Cu, Mn, Zn, Ni) were de-
termined using atomic absorption spectrophotometry in
accordance with GOST 30178-96 and expressed as
mg/kg dry matter.

The study results were statistically processed using
Microsoft® Excel™ software.

To assess the accumulation of chemical elements in

ecosystem components, the accumulation coefficient
Kn was calculated:

Kn=Ci/C,

where C; — is the chemical element content in plants;
C — is the chemical element content in the soil.

Results and discussion

Iron is the most abundant element in the soils of
the Astrakhan region among the studied chemical ele-
ments. The Fe concentration in soil samples from the
Ikryaninsky district was highest compared to those
from the Kamyzyaksky, Volodarsky and Limansky
districts, respectively (Fig. 2).

Limansky district ‘
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Volodarsky district ‘ H
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Fig. 2. Elemental composition of soils in the Astrakhan region, mg/kg dry matter
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It should be noted that the identified values of the
chemical element do ot exceed the clarke and back

ground values of the region (table).

Clark of Earth's soils and values of the conditional background of the region, mg/kg

Indicators Cu Mn Zn Ni Fe
Clark of Earth's soils* 20 850 50 40 38 000
Conditional background of the region** 23 450 45 25 —

* Compiled according to [3]; ** compiled according to [4].

The dynamics of the Zn distribution in the Astra-
khan region soil samples is similar to the distribution
of iron. Thus, according to the zinc content in the soils,
the studied areas are located in the following row:
Ikryaninsky district > Kamyzyaksky district > Volo-
darsky district > Limansky district.

Zinc concentrations in the soils of the Astrakhan
region were within the control values (Clark of the
Earth's soils and background concentrations).

According to the gradations of soils of the Astra-
khan region according to the availability of Zn, pro-
posed by A. N. Gundareva and E. 1. Melyakina [5], the
studied soils of the Astrakhan region belong to the
medium-zinc-rich (25-40 mg/kg of dry matter).

The soils of the Ikryaninsky district had the highest
nickel values, which were slightly higher than the back-
ground values of the region. Kamyzyaksky district oc-
cupied the second position in terms of metal content in
the soil. The revealed values are comparable to the
background values. The minimum values of nickel were
noted in the soils of the Volodarsky district.

All studied soil samples contained nickel concen-
trations below Clark values.

Copper concentrations in soil samples ranged from
21 mg/kg (Limansky district) to 28.5 mg/kg (Kamy-
zyaksky district). At the same time, these values were
higher than Clark's. It was noted that only the concentra-
tion of copper in the soil samples of the Limansky dis-

trict did not exceed the background values established
for the region.

According to the gradations of soils in the Astrakhan
region in terms of Cu content proposed by A. N. Gunda-
reva and E. I. Melyakina [5], the studied soils belong to
well-copper-rich soils (> 20 mg/kg of dry matter).

The highest values of manganese were recorded in
the soils of the Kamyzyaksky district. At the same time,
the soils of the Limansky district are least provided with
manganese. The detected concentrations of manganese
in all soil samples did not exceed the control values.

According to the grading of soils of the Astrakhan
region according to the availability of Mp, proposed
by A. N. Gundareva and E. 1. Melyakina [5], the stud-
ied soils of the Astrakhan region belong to the medi-
um-rich in manganese (100-250 mg/kg of dry matter).

Thus, the Ikryaninsky district had the highest con-
centrations of iron, zinc and nickel in the soils, while
the Kamyzyaksky district had the highest concentra-
tions of copper and manganese. The Limansky district
was distinguished by the lowest concentrations of most
of the metals studied.

The following decreasing series characterizes the
features in the accumulation of metals by sandy
wormwood: Fe > Mn > Zn > Cu > Ni.

In the sandy wormwood in the studied areas, a high
iron content was found among all the studied chemical
elements (Fig. 3).
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Fig. 3. Iron content in Artemisia arenaria, mg/kg dry matter
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Iron plays an important role in plant life. It partici-
pates in various biochemical processes such as photo-
synthesis, respiration, and nitrogen assimilation. The
iron content in the plants of the Ikryaninsky district is
higher than in other studied areas.

Manganese was in second place in terms of con-
centration. Manganese plays an important role in plant
life, participating in various processes that affect
growth and development. It increases resistance to
adverse environmental factors. The highest values of
manganese were found in plants in the Kamyzyaksky
district. It is known that with increasing humidity, the
mobility of manganese in soils increases. This may be
why the concentration of manganese in plants growing
in Kamyzyaksky and Ikryaninsky districts is higher
than in Volodarsky district.

Zinc and copper are also essential for the growth and
development of roots, stems, leaves, and flowers. Cop-
per also promotes drought resistance in plants. Worm-
wood from the Ikryaninsky and Kamyzyaksky districts
has the highest zinc content. Meanwhile, copper content
is highest in plants from the Volodarsky and Limansky
districts, and lowest in the Tkryaninsky district.

Nickel plays an important role in plant life, but its
effect on them is ambiguous. This is probably why its
concentrations in plants do not exceed 5 mg/kg of dry
matter. Wormwood in the Ikryaninsky and Kamyzyak-
sky districts is characterized by its highest content.

Sandy wormwood accumulates more chemical el-
ements in the Ikryaninsky and Kamyzyaksky districts,
and the least amount was found in plant samples from
the Volodarsky district. This is probably due to the fact
that the sandy and sandy loam soils of the Volodarsky
district are less well-supplied with trace elements.

The maximum values of the coefficients of accumu-
lation of chemical elements by plants were found in
Ikryaninsky and Kamyzyaksky districts, in contrast to

Volodarsky and Limansky. The amount of zinc accumu-
lation by plants of the lkryaninsky and Kamyzyaksky
districts is more than 1, indicating that the plant is able to
actively accumulate this chemical element from the soil.

Drought resistance in plants of the arid zone is un-
derstood as the ability to maintain their existence in
arid habitats with the least harm to their growth and
development. The higher the drought tolerance of a
plant species, the less heavy metals accumulate in it.
Perhaps this is due to the lower content of metals and,
consequently, the values of their accumulation by
wormwood in the more arid conditions of the Liman-
sky, and especially in the Volodarsky district.

At the same time, according to the research of
M. V. Dmitrieva and co-authors [2], the average an-
thropogenic load was noted in Ikryaninsky and
Kamyzyaksky districts, while in Volodarsky and Li-
mansky it was low. An increase in anthropogenic load
also contributes to a greater accumulation of chemical
elements by plants.

Conclusion

In the soils of the Astrakhan region, there is an abso-
lute predominance of iron and manganese. The highest
concentrations of iron, zinc, and nickel were recorded in
the Ikryaninsky district, while the Kamizyaksky district
had the highest concentrations of copper and manga-
nese. Artemisia arenaria is dominated by the same
chemical elements found in the soil. Compared to other
chemical elements studied, zinc is actively accumulated
by plants (accumulation coefficient > 1). At the same
time, copper, nickel, manganese, and iron are trans-
ferred from the soil to plants at a slower rate. The high-
est bioavailability of metals was observed in the Ikrya-
ninsky and Kamzyaksky districts, while the lowest was
observed in the Volodarsky district.
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