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Abstract

Translation of the original publication TeynoBa H.B. MOHHTOPWHI COAEP)KaHUSI TSDKENBIX META//IOB B TIOUBE Ha
TePPUTOPHHU TypUCTHUecKoro Komruiekca «Bexgyum» / H.B. TeyHoBa, JI.A. KemeBa, A.A. Tammsosa // MexgyHapogHbIH
Hay4HO-UCC/IeloBaTesbCKui )kypHai. — Ne 1 (127). — DOI: https://doi.org/10.23670/IRJ.2023.127.71.

The problem of soil contamination is an acute one for mankind. Soil is one of the main components of the natural
environment, plants grow and ripen in it, suitable for food for animals, these same plants feed on useful substances from the
soil layer. Soil is also the basis for human life and recreation. Among the many pollutants of the soil cover, a special place
belongs to heavy metals, which are among the most dangerous substances.

This article examines the content of heavy metals in the soil of the All-Season Tourist and Recreational Complex
"Veduchi" (ASTRC “Veduchi®), which is located in the southern part of the Chechen Republic. Thirty-two soil samples taken
at the depths of 0.0-0.2 m and 0.2-1.0 m were examined. Based on the results of the analysis, a total pollution index was
calculated.
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AHHOTaNMA

ITepeBog, cratbu TeyHoBa H.B. MOHUTOpPUHT COZiep>KaHUS TsDKeIbIX MeTasyIoB B TI0UBe Ha TePPUTOPHHU TYPHUCTHUECKOTrO
komriekca «Beayuu» / H.B. TeyHoma, JI.A. Kemepa, A.A. TammnoBa // MexayHapoJHbld Hay4HO-MCC/Ie[0BaTe/IbCKUM
>kypHas. — Ne 1 (127). — DOI: https://doi.org/10.23670/IRJ.2023.127.71.

ITpobnema 3arpsi3HeHusI TOUBBI OCTPO CTOUT Ilepefi uenoBeuecTBOM. [TouBa sIB/s€TCSl OFHUM M3 IVIaBHBIX KOMIIOHEHTOB
TIPUPOJHON Cpefibl, B Hell pacTyT M CO3peBaloT pacTeHUs, MPUrofHble /s MU >KUBOTHBIM, 3TH K€ PaCTeHUs NUTarTCs
TI07Ie3HbIMM  BellleCTBaMM U3 TOuUBeHHOro cjiosi. [louBa Takke SIB/sSI€TCS OCHOBOW A/s1 )KM3HM M OTAbIXa sofieil. Cpenu
MHOTOUMC/IEHHBIX 3arpsi3HUTe el MOYBEHHOTo TIOKPOBa 0C060€e MeCTo MPUHA/JIEXKHT TSDKEIBIM MeTasllaM, KOTOpble OTHOCSTCS
K TpyIine Haubosiee OMacHBIX BEILeCTB.

B paHHOM cTaTbe paccMaTpuBaeTCs COZep)KaHWe TsDKeJbIX MeTalioB B [0YBe Ha Tepputopuu Bcece3oHHOro
TYPUCTUYECKOTO peKpealMoHHOro KoMIuiekca «Bemyun» (BTPK «Bemyur»), KOTOPBIM HAXOAUTCS B FOKHOM yacTh YeueHCKOU
Pecnybnuku. Bouto nccnenoBano 32 obpasua nmousbl, 0To6paHHbIX Ha Tiyoune 0,0-0,2 M u 0,2-1,0 m. Ha ocHOBe pe3y/bTaToB
aHanu3a ObUT pacCUMTaH CyMMapHbIH 110Ka3are/Ib 3arpsi3HeHMs.

KiroueBbie c/10Ba: mpe/ie/ibHO-/|0MYCTUMbIe KOHLIEHTPaLUY, XUMUUeCKoe 3arpsisHeHue, TshKesble MeTal/Ibl, CyMMapHbIi
TIOKasaTeslb 3arpsi3HeHusI.

Introduction

The Chechen Republic is the southern region of Russia, which occupies a special geostrategic position on European
territory. The republic is located on the border of Europe and Asia, in the central part of the northern slope of the Greater
Caucasus [1].

The Chechen Republic has great tourism potential. There are a lot of beautiful places in the republic that attract tourists.
The development of a tourism destination contributes to socio-economic growth in the region. Currently, the all-season tourist
recreational complex “Veduchi” is intensively developing, located in the southern part of the Chechen Republic, on the
territory of the Itum-Kalin arid basin, and is part of the Argun River basin. Most of the territory of the resort complex is located
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in the mountain forest zone, occupying the lower parts of the northern slope of the Daneduk ridge, and separate areas on the
Khacha-Royduk ridge (southern slope).

To assess the current ecological state of the natural environment, soil pollution was monitored to comply with sanitary and
hygienic standards for the safety of tourists. The territory of the Veduchi complex is mainly located in the mountain-steppe and
mountain-forest soil-geographical zones. According to the 1976 soil classification, these soils belong to the mountain-meadow
steppe soils [2]. According to the 2004 soil classification, the main type of soil for this territory is humus petrosem, thin,
strongly washed away on rocky soils [3]. At the same time, the relief features in the area of the site suggest more powerful
humus horizons in places of local depressions due to the deposition of washed away soils.

According to various studies, sharp variability in the morphological and physical properties of soils and the features of
their genesis are reflected in the nature of the accumulation of toxicants and their distribution along the profile. In most cases,
with atmospheric anthropogenic pollution, the main accumulation occurs precisely in the upper twenty-centimeter layer [4],
[5].

For the functioning of all living organisms, various microelements and chemicals are required, the excess or deficiency of
which can lead to various diseases. Soils are an indicator of adverse effects on human health. The main sources of soil
pollution in the ASTRC area are emissions vehicles, construction and road dust, unauthorized dumps, etc.

Contaminated soil in turn affects ground air, surface and groundwater and plant root systems.

Heavy metals (HMs) in soils are the most dangerous pollutants and are highly pathogenic [4], [6].

This paper presents the results of an analysis of the content of heavy metals in the soil, which is necessary for a qualitative
assessment of the current state of the components of the natural environment on the territory of the ASTRC “Veduchi“.

Research methods and principles

Soil sampling to study soils for heavy metal contamination was carried out in accordance with methodological instructions
[7], where, with a homogeneous soil cover, it is necessary to take 1 combined sample from an area of 1 hectare (100 m x 100
m). The research site is typical for this area in terms of natural conditions, the soil cover is homogeneous, and therefore, to
conduct soil tests for the content of heavy metals, 16 samples were taken from the upper twenty-centimetre layer and 16
samples in the soil layer at a depth of up to 1 meter.

The concentrations of heavy metals and arsenic in the studied samples were determined by stripping voltammetry [8].

When conducting studies, the concentrations of heavy metals in all samples were compared with the values of their
maximum permissible concentrations (MPC) [9].

Soil samples for research were selected in accordance with the methods of [10], [11].

According to the methods, at each test site, soil samples were taken from the upper humus layer, from a depth of 0.0 to 0.2
m, and the lower layer, from a depth of 0.2-1.0 m, at three points equidistant from each other. Then, having thoroughly mixed
each layer, average samples were taken using the envelope method, which were subjected to further operations. In this form,
the soils were ready for elemental analysis.

The classification division of heavy metals into 3 hazard classes is given on the basis of Interstate standard 17.4.1.02-83
[12].

Main results

When conducting studies of soil samples taken on the territory of the ASTRC “Veduchi®, the presence of seven heavy
metals was revealed: arsenic, mercury, lead, cadmium and zinc are especially toxic and belong to the first class. Nickel and
copper are toxic and belong to the second hazard class. No low-toxic heavy metals of the third class were detected.

The results of determining the concentration of heavy metals obtained from soil analyzes are shown in Table 1.

Table 1 - Concentration of heavy metals, arsenic in soil samples
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. Element
Samplin Cadmi
Ne/Ne g depth | Mercury, | Lead, Arsenic, amrnlu Zinc, Nickel, | Copper,
m 3y
(m) mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
0.128+0. | 0.587+0. | 0.112+0. 0.536+0.
. 0.0-0.2 064 205 045 <0.1 <1.0 241 <1.0
02-1.0 | <o0.1 0'5225’50' <0.1 <0.1 <1.0 <05 <1.0
0.136+0. | 0.595+0. | 0.121+0. | 0.11+0.0 0.542+0.
) 0.0-0.2 069 208 048 4 <1.0 244 <1.0
0.2-1.0 <0.1 0.51385;0. <0.1 <0.1 <1.0 <0.5 <1.0
0.147+0. | 0.588=0. 0.131+0.
; 0.0-0.2 073 208 <0.1 04 <1.0 <0.5 <1.0
0.514+0. 0.106=0.
0.2-1.0 <0.1 18 <0.1 042 <1.0 <0.5 <1.0
4 0.0-0.2 0.128+0. <05 0.13620. | 0.117+0. <1.0 0.577+0. <1.0
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064 054 047 26
0210 | <01 <05 <0.1 <01 <10 | 092301
236
0.13120. | 0.617%0. | 0.12+0.0 0.5240.
5 0.0-0.2 o o : <01 <1.0 - <1.0
0.2-1.0 0'10155;0' <05 <01 <01 <1.0 <05 <1.0
0.135:0. | 0.546+0. | 0.127+0. 0.576:£0.
6 0.0-0.2 - e o 0.142 <1.0 e <1.0
0.2-1.0 0'1005?;0' 0‘5250'1 <0.1 <0.1 <1.0 <0.5 <1.0
0.15840. | 0.625+0. | 0.145+0. | 0.122+0. 0.5440.
, 0.0-0.2 079 219 058 049 <10 245 <1.0
0.12320. | 0.582+0.
0.2-1.0 o ] 012004 | <01 <1.0 <05 <1.0
0.16520. | 0.563%0. | 0.134+0. 0.517+0.
. 0.0-0.2 o o - <01 <1.0 i <1.0
02-1.0 | <01 <05 <01 <01 <1.0 <05 <1.0
0.13920. | 0.645+0. | 0.158+0. 0.5840.
9 0.0-0.2 oo e oo <01 <1.0 s <1.0
0.55620. | 0.121+0. 0.52520.
02-1.0 | <01 o s <0.1 <1.0 o <1.0
0.14510. | 0.615+0. | 0.11620. | 0.127+0. 0.5470.
" 0.0-0.2 072 215 046 051 <1.0 246 <1.0
0210 | <01 0'513;;0' <0.1 <01 <1.0 <05 <1.0
0.186£0. | 0.574+0. | 0.134+0.
y 0.0-0.2 oo o o <01 <1.0 <05 <1.0
02-1.0 | 0152501 ¢ <01 <01 <1.0 <05 <1.0
076
0.15420. | 0.59620. 0.6180.
; 0.0-0.2 oo oy <01 <01 <1.0 o <1.0
02-1.0 | <01 <05 <0.1 <01 <10 | 0221501
234
0.1210. 0.133:0. 0.526:£0.
" 0.0-0.2 o <05 . <01 <1.0 e <1.0
02-10 | <0.1 <05 <0.1 <01 <1.0 <05 <1.0
0.642+0. | 0.141%0. | 0.162+0. 0.584£0.
) 0.0-02 | <01 e e pys <1.0 A, <1.0
0.552+0. 0.125+0.
0210 | <01 o <0.1 - <1.0 <05 <1.0
0.128%0. | 0.57520. 0.65520.
. 0.0-0.2 - 59 <01 <01 <1.0 iy <1.0
02-1.0 | <01 <05 <01 <01 <1.0 0'522;’;0' <1.0
0.1240.0 | 0.61+0.2 | 0.1440. 0.5810.
. 0.0-0.2 . 3 s <01 <1.0 e <1.0
0.546:£0. 0.5140.2
02-1.0 | <01 ™ <0.1 <0.1 <1.0 - <1.0

The condition of the soil cover was assessed by comparing the results obtained with the value of the maximum permissible
concentrations of heavy metals (pollutants) in the soil cover (Table 2).

Table 2 - Values of maximum permissible concentrations of heavy metals and arsenic in soil and soil samples

DOI: https://doi.org/10.23670/IRJ.2024.141.80.2

Ne ni/mt Determined indicators Hygienic standard
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1 Mercury, mg/kg 21
2 Lead, mg/kg 32.0
3 Arsenic, mg/kg 2.0
4 Cadmium, mg/kg 2.0
5 Zinc, mg/kg 23.0
6 Nickel, mg/kg 4.0
7 Copper, mg/kg 3.0

According to the data obtained (Table 1), the concentrations of all tested substances in all sixteen samples do not exceed
the maximum permissible concentrations in the upper twenty-centimetre layer, as well as in the layer from 0.2 to 1 m.

Soil pollution was also assessed using another approach, based on the total pollution indicator (Z.). When using the
formula Z. = Ka + ... + K - n - 1y, where n is the number of chemical elements taken into account; K is the concentration
coefficient of the i-th component of pollution, exceeding one, proposed by the famous Soviet scientist Yuli Efimovich Sayet,
the values of the total indicator of chemical soil contamination were obtained for seven heavy metals found on the territory of
the tourist recreational complex (Table 3). The critical values characterizing the total pollution Z. by degree of hazard are as
follows: when the total indicator of chemical pollution Z. <16, the level of soil pollution is considered acceptable; at 16 < Z. <
32 — pollution is considered moderately dangerous; at 32 < Z. <128 — highly dangerous; at Z. > 128 — extremely dangerous
[12], [13].

Table 3 - Total indicator of chemical contamination of soils
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. Element
NoNe Sampling depth -
(m) rne;cur lead arsenic cair]mu zinc nickel | copper

- 0.0-0.2 | 1.28 0.04 0.05 0.83 0.02 0.03 0.07

. 0.2-1.0 | 1.00 0.03 0.05 0.83 0.02 0.03 0.07
7 0.0-0.2 1.28
0.2-1.0 1.00

K 0.0-02 | 1.36 0.04 0.06 0.92 0.02 0.03 0.07

) 0.2-1.0 | 1.00 0.04 0.05 0.83 0.02 0.03 0.07
7. 0.0-0.2 1.36
0.2-1.0 1.00

K 0.0-0.2 | 1.47 0.04 0.05 1.09 0.02 0.03 0.07

. 0.2-1.0 | 1.00 0.03 0.05 0.88 0.02 0.03 0.07
0.0-0.2 1.56
e 0.2-1.0 1.00

K 0.0-0.2 | 1.28 0.03 0.06 0.99 0.02 0.03 0.07

A 0.2-1.0 | 1.00 0.03 0.05 0.83 0.02 0.03 0.07
7 0.0-0.2 1.28
0.2-1.0 1.00

K 0.0-0.2 | 1.31 0.04 0.05 0.83 0.02 0.03 0.07

. 0.2-1.0 | 1.15 0.03 0.05 0.83 0.02 0.03 0.07
7 0.0-0.2 1.31
0.2-1.0 1.15

K 0.0-0.2 | 1.35 0.04 0.06 1.18 0.02 0.03 0.07

. 0.2-1.0 | 1.06 0.03 0.05 0.83 0.02 0.03 0.07
7 0.0-0.2 1.53
0.2-1.0 1.06

- 0.0-0.2 | 1.58 0.04 0.07 1.02 0.02 0.03 0.07

; 0.2-1.0 | 1.23 0.04 0.05 0.83 0.02 0.03 0.07
7 0.0-0.2 1.60
0.2-1.0 1.23

8 K |0002]| 165 | 004 | 006 | 08 | 002 | 003 | 007
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0.2-1.0 | 1.00 0.03 0.05 0.83 0.02 0.03 0.07
0.0-0.2 1.65
L 0.2-1.0 1.00

0.0-0.2 | 1.39 0.04 0.07 0.83 0.02 0.03 0.07

K 0.2-1.0 | 1.00 0.03 0.06 0.83 0.02 0.03 0.07
9 0.0-0.2 1.39
Ze 0.2-1.0 1.00

0.0-0.2 | 1.45 0.04 0.05 1.06 0.02 0.03 0.07

K 0.2-1.0 | 1.00 0.04 0.05 0.83 0.02 0.03 0.07
10 . 0.0-0.2 1.51
‘ 0.2-1.0 1.00

K 0.0-0.2 | 1.86 0.04 0.06 0.83 0.02 0.03 0.07

" 0.2-1.0 | 1.52 0.03 0.05 0.83 0.02 0.03 0.07
7. 0.0-0.2 1.86
0.2-1.0 1.52

K 0.0-0.2 | 1.54 0.04 0.05 0.83 0.02 0.03 0.07

. 0.2-1.0 | 1.00 0.03 0.05 0.83 0.02 0.03 0.07
7 0.0-0.2 1.54
0.2-1.0 1.00

0.0-0.2 | 1.21 0.03 0.06 0.83 0.02 0.03 0.07

3 K 0.2-1.0 | 1.00 0.03 0.05 0.83 0.02 0.03 0.07
0.0-0.2 1.21
Ze 0.2-1.0 1.00

0.0-0.2 | 1.00 0.04 0.06 1.35 0.02 0.03 0.07

K 0.2-1.0 | 1.00 0.04 0.05 1.05 0.02 0.03 0.07
14 0.0-0.2 1.35
L 0.2-1.0 1.05

0.0-0.2 | 1.28 0.04 0.05 0.83 0.02 0.03 0.07

K 0.2-1.0 | 1.00 0.03 0.05 0.83 0.02 0.03 0.07
15 0.0-0.2 1.28
Ze 0.2-1.0 1.00

0.0-0.2 | 1.20 0.04 0.07 0.83 0.02 0.03 0.07

K 0.2-1.0 | 1.00 0.04 0.05 0.83 0.02 0.03 0.07
16 0.0-0.2 1.20
Ze 0.2-1.0 1.00

As can be seen from Table 3, the total indicator of chemical contamination of soil Z.in all studied samples, both from the
surface twenty-centimeter layer and from a depth of 0.2-1.0 m, is less than 16. The results obtained showed that the values of
the total indicator of chemical contamination in all samples taken from depth 0.2-1.0 m is lower than in the top layer of soil.
Consequently, soil contamination in the study area of the tourist recreational complex can be considered “acceptable.”

Conclusion

When conducting studies of the soil cover on the territory of the ASTRC “Veduchi“, it was established that the
concentrations of chemical pollution with heavy metals in all samples taken from the upper twenty-centimeter layer and the
layer from a depth of 0.2-1.0 m in the survey area do not exceed the maximum permissible concentration. The total indicator of
the concentration coefficients of heavy metals in all samples is Z. < 16; accordingly, the level of chemical pollution in all
studied samples belongs to the “acceptable” category of pollution and will not have a negative impact on its border

ecosystems, as well as human health.
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