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KEHAEPAVH TYHAYK KABKA3AbIH TOONYY AUMAKTAPbIH HAH MEHEH
BYNIALUbI

XKymywTa TyHayk KaBkasgblH TO00Nyy aiMakTapbiHbH - KEHAEPAEH UblKKaH 4YaH MeHeH
OyNraHbilWbIHbIH -~ ©3reYenykKTepy U3ngeHreH. >Kep YCTYHAGry uYaHiblH  Tapkaayy MeXaHW3Mmbl
MeTeOpOoNorvsNbIK WapTTapiblH Hernsae aHblKTanrad, (po3a >KaHa LamanfblH WHTEeHCUBLAYYVTY,
aTmocepasbik 6acbiMabIH YOHAYTY), OLUOHAON 3/e penbeTUK hakTopnop (T0o0M0p XKaHa Kanybirainap),
YaHabIH (hM3NKO-MeXaHUKa/bIK KacueTTepu nanngeHreH. MuHepanibik YangapablH >Kep YCTYHe TyLyLy
HErV3MHeH rpaBuTaumsnbik (65 %), anekTpoagMHaMukaiblk (10 % -yeimH) >KaHa TypoyneHTTuK (5 %)
KyoynylITapablH, OLIOHAONA 376 >aMmrblp >KaHa TymaHabliH (20 % - uelinH) HermauHae 60n0T. YaHabH
TapKa/bIWbIHbIH - FEOXUMUANBIK  3aKOHUYEHEMAYYNYKTOPY HEernsnHeH TOO-KEH OHAYPYLUYHAery >KaHa
>KapasHbiHAarbl K33 6up >KymywiTap MeHeH OalinaHblliKaHabIrbl KepceTynreH. KeHaepre >KakbiH
aiMakTapga 4aH MeHeH >Kep KbIPTbILbIHbIH Gy/raHbILWbIHbIH 3BOMOLMACLIHA, HAHO GenyYK4YenepayH ponyH
>KaHa e3reyeNyKTepyH 3cke anyy MeHeH Tangoo >KYpPrysynreH.  Ara YekKTelw aiMakTapaarbl
TONypakTbiH 4YaH MeHeH OynraHyy 9BOMOUMACHI  TanfaHbin, HaHOOenyK4enepayH poay >KaHa
e3revenlyKTepy uarbiigbipbiiradH. KeHfepieH UblKKaH >KaHa aibiCka Tapkana TypraH YaHblH HaHo
6enyK4enspyHyH MOpPONOrnsANbIK Kacke T TePUHE 3CeNTe8e dKYPry3y/reH.

Hernsrn cesgep: YaHiblH TapKasbilbl; >Kep YCTY aTmocgepaHblH MyHe346emMecy; >KepauH
TOO0 penbedTH; HaHO BenykKyenep; Murpaums.

MbINMEBOE 3ATPA3SHEHWME HATOPHbIX TEPPUTOPW CEBEPHOI'O KABKA3A
PYOAHNKAMW

B paboTe wuccnegoBaHbl OCOGEHHOCTW MbIIEBOrO 3arpsi3HEHUS HAropHbIX TeppUTOpPWiA
CeBepHoro Kaskaza nonMmeTaNMyecKumn pyaHuKamu. OB60CHOBAH MexXaHW3M MbINeBOro paccesHus B
NpU3emMHoiA aTMocepe, OCHOBAHHbIA Ha NPOSBNEHUN METE0PO/IOrMYeCKMX yCoBUiA (po3a U MHTEHCUBHOCTb
BETPOB, BEMNYMHLI aTMOCHEPHOrO AaBNeHNs), penbedHbIX (hakTOopPoB (ropbl NYLLENLS), a Tak>kKe Pusnko-
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MeXaHW4eCcKnX CBOCTB MblM. okaszaHo, YTO BbiNageHne MUHEPabHONW MbIAM U3 NPU3EMHOIR aTMocgepbl
MPOUCXOANT 3a CYeT rpasuTaunoHHoro (65 %), anekTpoguHamuyeckoro (4o 10 %) u TypbyneHTHOro (5
%) ocadKeHWs, a Tak>Ke BbIMbIBAHUA LO>KAEBbIMU ocafkaMu 1 TymaHamu (1o 20 %). YCTaHOBNEHO, YTO
reoOXMMMYECKIe 3aKOHOMEPHOCTW MbINEBOrO 3arpsisHEHNs, NPeAcTaBneHHble B BUAE 30HAIbHOW CTPYKTYPbI
TEXHOTEHHbIX TeOXMMUYECKUX apeasioB pacCcesiHUs, CBA3aHbl C OT/AeNbHbIMW MPOM3BOACTBAMW WU
npoueccamy ropHblx paboT. poaHanusvpoBaHa 3BOOLUMS MbIIEBOrO 3arps3HeHWst MOYB MpUEratoLmx
TeppUTOpPUIA, C BbIENEHNEM POAK 1 0COBEHHOCTEN HaHovacTuy. OCyLecTBeH y4eT MOPONOrnyecKmnx
CBOMCTB HaHOYaCTWL BbILENAEMOW MblM, KOTOpas MMEET 3HAUMTENbHYH0 AalbHOCTb MNepeMeLleHns B
NPU3eMHON aTmocepe, CyLeCTBEHHO YBENMYMBAIOLLEH NNOLAab 3arps3HeHNs NpuneraroLwmx TeppuTopuii
MO/MME T aNUYECKUMU PYLHUKaMU.

Kntouyesble Cnosa: BblOPOCHI MblAM; XapaKTEePUCTUKM MNPU3EMHOA aTMoC(epbl; HaropHbIi
penbed MeCTHOCTU; HAHOYACTULbI; MUTpaLys.

DUST CONTAMINATION OF UPLAND AREAS OF THE NORTH CAUCASUS BY
MINES

The features of dust pollution of the upland territories of the North Caucasus by polymetallic mines
are revealed. The mechanism of dust scattering in the surface atmosphere, based on the manifestation of
meteorological conditions (rose and the intensity o fwinds, the value ofatmospheric pressure), relieffactors
(mountains and gorges), as well as the physical and mechanical properties ofdust, has been substantiated. It
is shown that the fallout of mineral dustfrom the surface atmosphere occurs due to gravitational (65%),
electrodynamic (up to 10%), and turbulent (5%) deposition, as well as washout by rainfall andfog (up to
20%). It has been established that the geochemical patterns of dust pollution, presented in theform of the
zonal structure of technogenic geochemical dispersion areas, are associated with individual industries or
mining processes. The evolution of dust contamination of soils in the adjacent territories is analyzed,
highlighting the role and characteristics ofnanoparticles. The morphological properties ofthe emitted dust
nanoparticles, which have a significant range of movement in the surface atmosphere, significantly
increasing the area ofcontamination ofadjacent territories by polymetallic mines, has been carried out.

Key words: dust emissions; characteristics of the surface atmosphere; mountainous terrain;
nanoparticles; migration.

Introduction. The main object of the study was dust emissions from the Sadonsky
polymetallic mine (Figure 1), located in the upper reaches of the Alagirsky gorge, in the territory of

North Ossetia (RF), as well as atmospheric migration and distribution of dust over adjacent
territories, with subsequent deposition and evolution in soils.

Figure 1 - The adit of the Sadonsky polymetallic mine
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Dust emissions from the enterprises of the mining-processing complex should be
investigated by the mapping method [1-4], which allows to identify the areas of technogenic soil
contamination by mineral dust precipitated from the surface atmosphere.

Dust scattering mechanism in the surface atmosphere. When studying the dynamics of
the formation of changes in the quality of the surface atmosphere (both in space and in time), i.e.
pollution caused by dust emissions from the Sadonsk lead-zinc plant, it was taken into account that
these processes are significantly influenced by the relief of the location, the existing features of the
existing meteorological parameters, as well as the properties of the dust itself [5].

The mountainous region under consideration is characterized by a pronounced gorge of the
territories, at the base of which, as a rule, a river flows, and on the river terraces, almost all surface
infrastructure of mining is located. The Alagir Gorge (Figure 2) has a pronounced ravine relief,
which can be considered a kind of wind tunnel, in which air masses mainly rise up into the
mountains during the day, and, on the contrary, descend from the mountainous part to the plain
zone at night.

Figure 2 - Beginning ofthe Alagir Gorge (North Ossetia, RF)

In the course of field studies, it was revealed that the average wind speed in the Alagir
Gorge during the daytime ranges from 2.8-4.5 m/s. The altitude ofthe airspace of the Alagir Gorge,
within which the main negative changes occur under the influence of dust emissions from mining
enterprises and their accompanying infrastructure, according to the author's observations, is taken
equal to 2000 m. As a result of the carried out field studies, the dynamics of changes in the dust
content in the No.22 ofthe Arkhonsky mine in the air of the gorge during daylight hours (Figure 3).

Figure 3 - Dustiness of air in the surface layer of the atmosphere during daylight hours
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The processing of the data of the carried out measurements along the vertical by the method
of mathematical statistics revealed an explicit correlation dependence of the dust content of the
surface air along the height, which is expressed by the formula:
where: - respectively, dustiness of the air at the height and at the level of the mouth piece. No. 22,
mg / m3;

H - sampling height above the mouth piece, m;

| is the base of the natural logarithm.

Subsequently, a pronounced dependence of the dust content of the near-ground atmosphere at
dusty surfaces at various air velocities was experimentally established (Fig. 4).

a b

Figure 4 - Curves of changes in air dust content Sv from unorganized sources (dusty surfaces) at a
wind speed Vw, depending on:
a - from the starting material, humidity 0.1 ~ 0.2%: 1 - heaped ore with f = 12 ~ 14; 2 - skarnated
marbles, f= 13~ 15; 3 and 4 - hornfelses, f= 13~ 15 and f = 18 20;
b - from dust moisture (skarn marbles with f =16720): 1-0-1%; 2 - 3 -4%; 3 - 5- 6%; 4-7- 8%.

In the course of the carried out field studies, it was found that the processes of emission and
subsequent transfer of dust in the surface atmosphere primarily depend on a combination of
meteorological (including wind rose and pressure), which have a probabilistic nature in time and
space, and relief factors (mountains and gorges), as well as from some physical and mechanical
characteristics of the directly emitted dust and the surface atmosphere (including their electrokinetic
parameters).

There is a pattern of dust falling out by size and weight. When studying particles emitted by
mining enterprises and metallurgical plants, mineral dust, of particular interest are its nanoscale
fractions, which have a very significant dispersion range (up to 4-6 thousand km laterally), and
which are much more rapidly subject to biochemical transformation in soils. According to the
geometric shape, we have identified several types of mineral nanoparticles emitted by quarries,
mines and metallurgical plants (Table 1).
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Table 1- Variety of forms of mineral nanoparticles

No. Name of Geometric No. Name of Geometric
nanoparticles the form nanoparticles the form
Layered
1 spherules, 4 Nanofullerenes
globules

or nanospheres

2 Porous silicates 5 Polyhedra
3 Nanostar Wire

nanospheres
4 Magnetic 6 Nanotori

nanoparticles

Over time, mineral nanoparticles of dust fall out of the surface atmosphere due to
gravitational (65%), electrodynamic (up to 10%) and turbulent (5%) deposition, as well as washout
by rainfall and fog (up to 20%). In this case, the quantitative value of the coefficient of the
deposition rate of particles of mineral dust emitted by mining sources is determined as a numerical
ratio between the value of the deposition rate of particles (determined by their size and mass) and
the average value of the wind speed, mathematically expressed based on the Stoke law.

It was also experimentally established that the behavior of dust nanoparticles in the surface
atmosphere, in addition to the factors considered above, is primarily influenced by their
morphology (flatness, sphericity, aspect ratio, etc.) [6]. It should be noted that nanoparticles with a
high aspect ratio include nanotubes and nanowires of various shapes (such as spirals, zigzags,
ribbons, and possibly nanowires with a diameter that varies with length). Nanoparticles with small
aspect ratio morphology include spherical, oval, cubic, prismatic, spiral, or columnar shapes. Here
we demonstrate that the shape of nanoparticles is one of the critical factors during their migration in
the near-ground atmosphere, which modulate the magnitude of the movement velocity and the
deposition mechanism.

13



ISSN 1694-5220. Hayka. O6pasoBaHue. TexHuka, Nel, 2021

In addition, it seems important that nanoparticles entering the surface atmosphere from mines
can take different forms and their interaction with air (during air migration), water, soil, and biota,
respectively, can dramatically change at the interface.

In addition, it was found that the real values of the deposition rate of mining (mineral) dust
varied depending on the season of the year (for example, the highest levels of dust pollution were
observed in the spring months).

Dust contamination of soils in adjacent areas. Almost all mineral dust precipitated from
the surface atmosphere (which consists mainly of Zn, Pb and Cu sulfides,oxides SiO2, FeO, Fe203,
AhO3, etc., as well as carbonates CaCO3 and MgCO3 composing ores and rocks of the developed
Sadonskoye deposit) is deposited by soils, which significantly alters the existing, evolutionarily
developed, their geochemistry, forming, over time, pronounced areas of technogenic pollution. So,
in addition to natural halos associated with the natural destruction and dissolution of ore bodies,
here in the territories adjacent to mines and quarries, processing plants, technological roads [7-9],
tailings and metallurgical plants and their cake and sludge dumps, significant zones of soil pollution
were formed , alluvial deposits, surface and groundwater. This is the cumulative result of all stages
of exploration, mining, transportation and concentration of ores, as well as wind transport from the
surfaces of tailings dumps and beaches, discharge (especially actively until 1984) of sludge from
the Mizur concentration plant, etc.

Previously, it was believed that the area of mining and industrial soil pollution (with
dangerous levels of chemical elements) in the North Caucasus has reached 40 km2. We have found
that this pollution is much larger. Thus, we identified lithobiogeochemical anomalies of profile
elements with an area of up to a thousand square kilometers, and their boundary was shifted east of
the metallurgical plants of Vladikavkaz, to Ingushetia and Chechnya, although the developed
deposits of polymetals themselves are located at 5060 km to the west and south (Figure 5).

Figure 5 - The area of dispersion of chemical elements from the Sadonsky mine

Attention is drawn to the averaged morphology and structure of the technogenic anomalies
identified in the soils. So, in the zone of extraction and enrichment of polymetals, their anomalies
cover the area not only of the allotments themselves, but also the entire valley of the river. Ardon in
its mountainous part. At the same time, there is a geochemical regularity of dust pollution common
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for mining regions, presented in the form of a zonal structure of technogenic geochemical
dispersion halos, clearly associated with individual production or mining processes.So, in the
implementation of technological processes of mining the main (Zn and Pb, as well as My W) and
accompanying (Cu, Fe, Ag, As, etc.) metals contained in the ores of developed polymetallic and
molybdenum deposits through dust emissions and subsequent sedimentation of mineral dust,
accumulate, as a rule, in the central parts of geochemical anomalies. During further processing of
mined ores (concentration and metallurgical processing), characterized by a deeper destruction of
the mineral matrices of metal ores, the separation of the emitted dust particles is carried out by
capturing them by air flows, transferring them to the peripheral parts of the pollution areas, as a
result of which the area of geochemical anomalies increases significantly.

At the same time, submeridional soil anomalies of Zn, Cu, Ag, Pb, W and Mo replace each
other, partially overlapping and forming a continuous anomalous area, expanding due to
polymetallic deposits in the left and right banks of the North Jurassic depression zones.

It should be noted that the anomalous site of technogenic geochemical soil pollution, located
south of Vladikavkaz, on both banks of the river. Terek, has an isometric area, and is more complex
(since it includes the same chemical elements, as well as additionally W and Cd). The core of this
anomalous area is formed by the anomaly of cadmium and all other trace elements, adjacent to the
city of Vladikavkaz from the south. Moreover, cadmium, due to concentration by technological
processes of processing, with dust emissions into the surface atmosphere, has here the highest
concentrations in the entire North Caucasus (including the field being developed itself).

Conclusion:

1 The analysis of all the received and collected information speaks in favor of the aerial
mechanism for the spread of dust pollution and the formation of anomalous areas of geochemical
pollution in the adjacent territories;

2. First, along the river. In Ardon, the spread of mineral dust, formed as a result of mining,
transportation and enrichment of ore, is observed by valley winds. As a result, a linearly oriented
anomalous area was formed here, expanding in the North Jurassic depression in the zone of
polymetallic deposits;

3. Secondly, geochemical anomalies to the south of Vladikavkaz cannot have any other
genesis except as an aerial spread of gas and dust emissions from metallurgical plants, which leads
to the formation of an anomalous area of hundreds of km2 and the achievement of high 2000 m;

4. Thirdly, this anomalous area has a pronounced temporal dynamics, which we found when
comparing with the results of previous studies. Fourth, this rather huge area of lithobiogeochemical
anomalies is mainly formed due to aerial fallout and combines both lithochemical anomalous areas
with a similar set of trace elements (quite consistent with the existing type of mineralization and the
profile of open pits, mines, and metallurgical plants). It is this territory of biogeochemical
anomalies that reflects a real, albeit mostly low-contrast, pollution zone.
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YPYT - BYPYNYYUYY SJIEKTPOMEXAHUKANBIK MEP®OPATOPAYH
TOIMOOJIOPYHYH PALUNOHANABLIK MAPAMETP/IEPUH AHBIKTOO

Byn GepunreH >KymywTa ypyn-0ypynyydqy KblAMbIngyy 3NeKTPOMeEXaHUKablK nepgopaTopy
n3ungeHeT. XKyMyWTYH MakcaTbl ypyn-6ypynyyyy KbliiMbIngyy anekTpomexaHukKanbiK nepgopaTopyHyH
3BEHOMIOPYHYH paunoHanablK KepCOTKYUYTOPYH aHbIKTO0 >KaHa KMHeMaTWKaNblK CXxemanapfbl aHain3gee
bIKMasiapbl >XaHa ypyn-0ypynyyyy KbliMblgyy 3neKTpoMexaHuKanblK neptiopaTopyHyH 3BEHONOPYHYH
>Kaiirawlyy nnaHbl U3uigeHeT. ©TKepPYNreH Teopus/biK U3NAeeNepayH HerusuHae oypynyy MexaHu3mMuHuH
3BEHO/IOPYHYH pauvoHanfblKk KepCceTKyYTepy TaHZabin aibiHrad. WswngeenepfyH HerusuHge, 6uvp
UMKNAWH MYMHAE MHCTPYMEHTTUH Oypynyy Oypdy 55aka 6apabap 60OMroH, waTyHAYH >KaHa KOPOMbICNOHYH
paunoHangblk  y3yHayry 70  >KaHa 30 MmunmmMeTpre Gapabap fen  aHblKTaaraH >KaHa
Oypynyy — MexaHu3MWHUH  3BEHONMOPYHYH  NapameTprepvHWH  MblHAAA  reoMeTpusNblK - KaTHaLbl
3NEeKTPOMEXaHUKa/bIK MepopaTopayH paunoHanfblKk UWTee PeXXMMUH KaMcbl3 Kbina anaT. ANblHraH
YKbINbIHTBIKTAPAbIH  HErv3vHAe,  ypyn-6ypynyydy KbliMbIAAyy 3NeKTpoMexaHuKaibliK nepgopaTopyHyH
NWITee MPUHUMOMHAErN KeneuyekTYy TY3YIywy >KaHa >XOropky ad@ekTusayy Ty3yy >KOngopy
aHbIKTa/raH. N3ungeenepayH  >KblibIHTbIrbI, WNAMWIA-N3UNAee  WHCTUTYTTapblHa  >KaHa
3NeKTPOMEXaHUKa/IbIK  MepopaTopnopay WWTen ublryy, Ty3yy >KaHa 3KCriyaTauusanoo MeHeH
aleKTeHreH eHAYPYLWTYK ULLKaHanapra cyHywTanaT.

Hernsrun cesgep: anekTpomexaHuKablK nepopaTop; ypyn-6ypynyydy MexaHusMm; pauvmoHaniblk
napameTp; TOroo; KOpOMbIC/O; LUaTYH.
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