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Abstract
The research aims to work out in details the measures taken to limit ecological risks when producing
ore in highland regions.
Research methodology includes applying the methods of X-ray fluorescence spectrometry, neutron
activation analysis, and mass spectrometry to study the mechanism and indicators of environmental
ecosystems chemical pollution with the products of synergetic interaction among the ingredients in
metallic minerals.
Research results and scope. The data on the role of water in mining have been introduced. The features
of mining industrial wastes impact in the conditions of the Caucasus highland. The leading role played
by metallic ore mill tailings in chemical pollution of highlands has been numerically proved by the
example of the major fields. The idea has been formulated that highland territories are weakened and
public health is deteriorated due to chemical contamination of highland environment by mining waste.
Quantitative parameters of mining and smelting impact on public health have been determined, and the
prospects of measures taken to protect population from the negative impact of mining have been
forecasted. It has been shown that overall protection of environment from chemical pollution is possible
only in case of advanced recycling of waste. Advanced methods of trade effluent reclamation have been
recommended. Research results may be applied at the underground development of metallic ore deposits.
Summary. In the conditions of highlands, ecosystems contamination with the products of synergetic
interaction among the ingredients of metallic materials in the process of metal production increases.
Environmental protection from chemical contamination with liquid products of mining is possible by
extracting chemically dangerous metallic ingredients and reducing their concentration down to the level
of hygienic standards with the use of new natural and resource saving technologies.
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Introduction. The efficiency of mining is strongly influenced by mine effluent,
i. e. groundwater, interstatial water, middle water or fissure water which contains
dissolved metals, organic and chemical compounds, and mineral particles. Russian ore
mining and processing enterprises surface more than 1.3 billion m? of effluents annually.

Many enterprises have been experiencing difficulties within a long time due to
deposits inundation. So, 2100-2200 m?/h of water from the underground mine workings
and 700 m?*/h more from opencast mines have been pumped out in the Lebedinsky pit
of the Kursk magnetic anomaly. A mean efficiency mine discharges about 1000 m?/h of
sewage to the surface.

Mining facilities deliver mill tailings to the natural environment together with
discharges and filtrates from mineral thickening and dewatering, atmospheric and natural
effluents drained into the mine workings, and effluent from current flow processes.
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In the traditional scheme of field development all the water is delivered to surface,
the liquid phase of mill tailings is added, and the whole thing is discharged to the
surface, often with no purification. Metal solutions are drained through the underlayer
and migrate to the surrounding environment (fig. 1).

In the overwhelming majority of cases, sewage is discharged into the surface
watercourses. The main part of water pumped out at field dewatering comes to rivers
changing their water regimes. Vast local depressions of groundwater are developed in
the mining regions.
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Fig. 1. Movement of water flows at underground mining of a deposit:
1 — deposit; 2 — collecting mine working; 3 — producing miner working; 4 — mine’s
surface; 5 —river; 6 — relief
Puc. 1. /IBuwkeHue BOAHBIX IOTOKOB IPH IOA3EMHON pa3pabOTKe MecTo-
PpOXIEHUSA:
1 — MecTopoxxaeHue; 2 — cbopHast BEIpaboTKa; 3 — BbIAAIONIAs BBIPAOOTKA; 4 — IIAXT-
Hasi IOBEPXHOCTh; 5 — peKa; 6 — penbed

When opencasting minerals from placer deposits, water regimes alternation is the
consequence of peat and sand preliminary dewatering carried out under hydraulic,
bulldozer and excavating methods of development with the help of stream diversion
and drainage channels.

During ore fields underground development with conventional technologies, water
is used in flow processes of drilling, delivery, dust removal, etc.

Mill waste accumulation in tailings dams is the main reason for the environmental
impact of mining. With time, a dome with water mineralization manifold exceeding the
threshold limit value (TLV) develops under the storage facility. The dome is the exciter
of chemical contaminants discharge into the environment.

Water which leaves the boundaries of the tailings dam contains copper, iron, and
sulphur, the concentration of which is often commensurable with their concentration in
ore. Dam water drainage in the tailings dam, where the uranium crude processing waste
is stored, has radiative forcing on the environment. The main factor of the environmental
impact is waste water contamination with sulphates, nitrates, marganese, molybdenum,
and other toxic maters.

At small-scale mining, sewage does not significantly contaminate water bodies and
watercources, but distributes along the surface differentiating in the soil layer. Water
contamination may manifold exceed TLV.

In new methods of development with leaching and dissolution, metal solutions
which haven’t been isolated from the environment are referred to pollutants.
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Polluted water is actively involved in domestic and agricultural cycle affecting flora,
fauna and people. The most severe consequence of hydrogeological and thermal
regimes alternation is the deterioration of the hydrobiological situation in seas and
lakes rivers run into. For the Caucasus it is the Caspian Sea.

Ecological tension in the zone of mining activity has reached its critical level of
territory’s contamination with heavy metals. For that reason, a prior task of environmental
protection is to monitor public health in the mining region.
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Fig. 2. Orography of the Ossetian part of the Central Caucasus
Puc. 2. Oporpadust ocerunckoro y4dactka LlenrpansHoro Kaskasa

In the organism’s reaction to the effect of ecotoxicants, including heavy metals,
a crucial role is played by the development of ROI, intensification of lipid peroxidation,
membrane damage, DNA damage, which stimulates the development of cancer
formation, CVD, neurodegenerative diseases, and mutagenesis.

The issues of minimizing the rate of environmental chemical contamination by
mining industry form the problem of global importance. The object of research are the
large-scale allotments of industrial production including mineral deposits exploitation
in highland regions which are the most insecure areas of the Earth.

The research aims to work out in details the measures taken to limit the ecological
risks from mining ore in highland regions of the Russian Caucasus.

Object, tasks, and methodology. The mechanisms and results of environmental
ecosystems chemical contamination with the products of synergetic interaction among
polymetallic ore mill tailings ingredients in storage facilities have been studied using
the integrated method including mill tailings, soil, and water sampling.
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The methods of X-ray fluorescence spectrometry, the neutron activation analysis,
and mass spectrometry have been used to obtain the information on the content of
elements-toxicants.

Research results and discussion. Mining is most hazardous in the conditions of the
mountainous terrain which is characterized by diverse conditions, dissected relief and
high amplitudes of altitudes. The Caucasus orography controls and intensifies the
processes of chemicalization of the natural environment, localizing contamination
zones and preventing from concentration reduction across a larger area (fig. 2).

Table 1. Metal concentration in the River Baksan in peak phases
Ta6uuua 1. Konuenrpauus mera/jiioB B p. bakcan B nukoBbie ¢a3bl

Interval Concentration, mkg/l
(])zfA the Metal minimum maximum average
iver
Baksan winter summer winter summer winter summer
40 km Chrome 0.20 0.95 0.80 5.98 0.45 2.96
Nickel 0.45 0.72 1.06 3.22 0.82 1.55
Molybdenum 0.47 0.91 8.35 8.37 2.77 4.03
Lead 0.27 0.20 0.49 3.62 0.38 1.12
Zinc 1.50 1.50 2.51 11.76 1.75 4.89
55 km Chrome 0.20 0.74 0.47 4.20 0.29 1.83
Nickel 0.90 0.70 0.97 1.91 0.56 1.28
Molybdenum 2.50 0.92 7.40 16.4 2.89 5.71
Lead 0.20 0.33 0.53 1.93 0.37 0.96
Zinc 1.50 1.50 1.50 8.13 1.50 4.01
70 km Chrome 0.20 0.39 0.38 8.80 0.28 3.65
Nickel 0.20 0.40 0.68 3.58 0.52 1.88
Molybdenum 1.34 0.20 6.38 12.03 3.28 4.76
Lead 0.20 0.20 0.57 2.64 0.31 0.98
Zinc 1.31 1.30 7.06 5.51 3.72 3.15

Environmental footprint and water streams pollution grows with the expansion of
residential mountainous territories; and not in every instance the nature can cope with
that. The main collectors of technogenic pollution are the River Baksan and the River
Ardon which collect effluent from large mining enterprises, the Tyrnyaus Tungsten-
Molybdenum Plant (Kabardino-Balkaria) and the Sadonsk Lead-Zink Plant (Republic
of North Ossetia —Alania).

Baksan flows from under the glacial shell of mount Elbrus and accepts more than
15 tributaries, including the River Cheget and the River Cherek. In the valley of the
River Baksan, the towns of Tyrnyaus, Baksan, Prokhladny and many other communities
are situated. Water is mildly alkaline and neutral, in the winter period pH varies within
7.5-8.0 units, and within 8.0-8.1 in the summer.

Human impact on Baksnan water is most pronounced in the territory of the Tyrnyaus
Tungsten-Molybdenum Plant.

Old tailings dam with mill tailings is situated 2 km downhill and represents an
embankment 15-20 m high with slopes 30—-60 m steep, filled up with 10—-15 cm soil
layer with vegetation. The main tailings dam is situated at the 55th km marker near
Bylym village and includes a retention pond with the area of 70 ha, 2 km long and
220 million m? capacity confined by the earth-fill dam 110 m high.
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In Baksan water, TLV of copper, for instance, is exceeded by 20-30 times. In the
area of the Molybdenum mine and its tailings dam the concentration of copper is
exceeded by 50 times.

Baksan water is continuously contaminated by tailings dam effluent. Systematic
contamination of water with metal is recorded at the distance from 40 to 70 km (table 1).

It follows from table 1 that almost all components of river water are governed by a
general rule: metals concentration decreases with the distance from the contamination
source, which proves the tailings dam’s role in chemical pollution.

The tailings dam is classified as ecologically hazardous facility, as soon as in case
of inundation or earthquake it threatens with destruction to the outlet water tunnel of
the River Gizhgit. The River Gizhgit may come back to its natural river-bed, overfill
of retention pond, destroy the dam and carry away the mill tailings to the river-bed of
Baksan all the way to Terek.

120

y=-36In(x) + 105,7
R>=0,806

—_

(=

(=)
T

60

20

Number of cases per unit area

1 2 3 4 5 6
Distance, km

Fig. 3. Dependence between the number of oncological cases and the distance to

industrial facilities

Puc. 3. 3aBucumMocTb 4yncna ciiydaeB OHKOJIOTHYECKUX 3a00I€BaHUI OT PACCTOSHUS
JI0 TIPOMBIIICHHBIX 00BEKTOB

The content of metals in vegetable and grain products is abnormal as soon as people
use water for household and practical needs, which may cause irreversible damage to
the metabolism of local population.

The impact of the Sadonsk Lead-Zink Plant is the same. Ore extracted from its
deposits since 1929 have been dressed at the plant in Mizur town. At its time the plant
processed up to 20 thousand ton of ore a day, and the concentrates obtained by selective
flotation contained: Pb, Bi, Sb, Ag, Au, Cu, Zn, Co, As and other metals. Up to 1984
tailings have been stored in a narrow side valley of the left tributary of Ardon located
over the Mizur town. From 1929 to 1984 some tailings were discharged into the River
Ardon polluting it with metals all through. For that reason, in 1984 a new tailings dam
was built. The tailings dams of Sadonsky mines are situated in the floodplains of rivers,
which promotes to chemically active trade effluent travel.

The River Ardon accepts impure effluent from the mines and the tailings dam 150 x 280 m
in size with an earth-fill dam up to 30 m high in the valley of the River Ardon.

Effluent from the lower part of the tailings dam has highly alkaline value (pH 11.2),
its total mineralization radically differs from other samples and makes up 10 746 mg/l.

The value of pH of natural water is close to neutral, pH varies from 6.9 to 7.4.
Samples higher than the tailings dam are close to each other and refer to hydrocarbonate-
sylphate natrium-calcium water. It proves the presence of synergetic processes in the
mass of the tailings dam.
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In high winds, finely dispersed fraction of mill tailings pollutes the soil of pastures,
farming lands and water of Ardon negatively affecting public health. Comparison with
the baseline sample in Sadonka water in the vicinity of the tailings dam revealed the
excess in the concentration of arsenic by 25 times; uranium — by 14 times; stibium,
tellurium, molybdenum — by 6 times; tungsten, lead, and vanadium — by 4 times; and
other metals — by 2-3 times.

n

Fig. 4. Movement of water flows when mining with traditional methods:

1 — deposit; 2 — ore processing; 3 — concentrate; 4 — mill tailings dam; 5 — water into
the atmosphere; 6 — water into the hydrosphere; 7 — water into the lithosphere
Puc. 4. JIprmkeHue BOJHBIX TIOTOKOB IPH pa3paboTKe TPaIUIMOHHBIME CITO-
cobamu:

1 — mecTopoxeHue; 2 — nepepaborka pyx; 3 — KOHUEHTpAT; 4 — XpaHUIIHIIE XBOCTOB
nepepaboTku; 5 — Boxa B arMocdepy; 6 — Boza B ruapocdepy; 7 — Boaa B IUTOCHEpY

Comparison with the baseline sample in water covering the surface of the tailings
dam has revealed abnormal excess of metal concentration: arsenic — by 41 430 times;
tellurium — by 17 720; stibium — by 10 430; selenium — by 10 230; tungsten — by 1520;
lead — by 930; molybdenum — by 390; vanadium — by 105; germanium — by 70; tin — by
50; and other metals — by 2-26 times.

In a large city of the North Caucasian Federal District, Vladikavkaz, health indicators
of adult and child population of the city were studied, including the incidence rate in
the following directions: neoplasms, blood diseases, diseases of genitourinary, nervous,
and endocrine systems, diseases of ear and respiratory system, caused by the man-
induced impact of ore mining and processing products.

Increase in the number of neoplasms among the population was systematized
according to the principle of the clinical zoning. The information was plotted on the
city map. The dependence between diseases incidence and steelworks vicinity
in the north-eastern part of the city was determined experimentally. Heavy metals
dispersion halo was discovered in the area of about 40 km? where metals concentration
exceeded mean concentration by an order.

The number of diseases per unit area decreased with increasing distance from
industrial facilities. Quantitative parameters of negative impact from mining and
smelting on public health have been determined (fig. 3).

Analysis and discussion. The development of metal ore fields in the mountainous
territories of the Caucasus is accompanied by the contamination of highland
environment, industrial waste growth, vegetation degradation, and public health
deterioration in urban territories especially in the vicinity of mining enterprises.

Analysis of ideas about the minimization of mining impact on the hydrosphere
shows that safe methods of storing ore mill tailings do not exist. Overall protection
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of environment from chemical pollution is possible only in case of advanced recycling of
industrial waste.

Contaminated effluent comes into the environment after flowing out of mine
workings to the surface or travels with mill tailings to the tailings dams.

The following options for minimizing the region’s chemicalization are available for
mining enterprises:

— traditional extraction of metals by means of breaking it in blocks, transporting
to the surface and processing at a plant with the uncontrolled mechanism of
interaction between natural-technogenic solutions and ecosystems (fig. 4);

— extracting metal from ore in underground
mine workings using mining methods with
leaching, and managing the flows of solutions by 3 = 2
means of localizing them technologically
(entrapment and extraction of metals) (fig. 5).

Hydrometallurgical processing methods with 4 5
processes activity increase by mechanochemical
treatment in desintegrators and other devices
may be in demand for waste disposal.

Known technologies of trade effluent
purification before discharge into the environment,
for instance, liming and chlorination, are harmful Fig. 5. Movement of water flows when

for the environment and may cause side effects. mining with leaching:
El t h . 1 t d th t h 1 . 11— deposn; 2 —ore processing;

€c I'O_C emlc.a , SOIp 101’1.31’1 other technologies 3 — concentrate; 4 — chemical solution;
make it possible to purify effluent up to the 5 — production solution

standards of fish industry, but they are expensive ~ PHC. . /IBuKeHNC BOLHBIX IOTOKOB IpH
pa3paboTKe CrIocoOOM BhINICTAYHBAHUS:

and therefore not applied for mine effluents 1 = mecTopowenne; 2 — nepepaboTEa Py,
cleaning. 3 — KOHLIEHTpAT; 4 — pacTBOp peareHra;

The results of clinical-biochemical examination 3~ MPOYKUHMONHEIF pacTBOp
of residents in the Alagirsky region hosting the
mining enterprise, who are influenced by chemically active water streams associated with
contamination with heavy metals as a result of the lead-zinc plant activity, have shown serious
violation of antioxidant status and development of oxidative stress among the population.

Violation of prooxidant—antioxidant system’s balance in blood of population can be
considered as the manifestation of the metal-induced toxicity, which promotes to poor
resistance of the survey organisms to the disturbing factors of the environment and to
the development of severe and practically untreatable pathological processes.

By means of managing the flows of solutions in the process of metal production,
it is possible not only to reduce the environmental impact on mining regions and receive
necessary metal and construction materials, but also reduce the risk of incidence among
the population and technogenic catastrophes associated with possible dam failure, or
other forms of water streams impact.

Research results may be helpful when upgrading the technologies of underground
mining in the ore fields with particular conditions of location.

Conclusion. Liquid ingredients are the instruments for chemical contamination of
natural environments being the transporting system for natural and process flow
solutions of metals and salt.

Mine effluent plays crucial role in a system of mining impact being the product
of synergetic interrelation among ore mill tailings ingredients in tailings dams.

The impact of mineral production and processing wastes on living matter must be
assessed with the account of production and processing waste hazardous ingredients
migration halo.
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Overall environmental protection from chemical contamination with liquid products
of mining is only possible by extracting chemically dangerous metallic ingredients
from mineral waste up to the hygienic standards using machines-activators.
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IIpo6seMa MUHUMHU3AIMHA XHUMHYECKOT0 3arpA3ZHEHUs MPOMBbIIILIEHHBIMH
pacTBOpamMu npu 100bIYe MeTAJIJI0B B TOPHBIX PerHoHax

Omutpax 0. B.!, Koxues X. X.!, [3anapos B. X.!, [[3epanos b. B.2
! CeBepo-KaBkasckuit rocy1apcTBEHHbINH TEXHOJIOTHYECKUH YHUBEPCHTET, Biaaukaskas, Poccus.
2 Teopusuueckuil HKHCTUTYT BiajukaBkasckoro HayuHoro nenrpa PAH, Biagukaskas, Poccus.

Pegpepam
Llenv pabomur — demanuzayus Mep 02PAHUYEHUS IKOAO2UUECKUX PUCKOE NpU 000blue Pyo 6 2OPHbIX
pezuoHax.
Memooonozus npoeedenus padbomwl. Vccieoosanue mexawusma u nokasamenel XUMUyecko2o
3a2PA3HEHUsT IKOCUCEM OKpYxcaiouiell cpedvl NPOOYKMAaMu CUHEP2emuyecko2o 83aumooeticmeus
UHCPEOUEeHMO8 — MEemAIoCo0eplHCAWUX — MUHEPANO08  MEMmOOdMU  PEHM2eHOPII00pecy eHmHO
cnekmpomempuu, HetlmpoOHHO-AKMUBAYUOHHO20 AHANUZA U MACC-CHEKMPOMEeMPUU.
Pesynomamer padomol u oénacme ux npumenenus. Ilpueeoenvt ceedeHust 0 poau 600bl 8 2OPHOM
npouseoocmee. Oxapakmepusz06anvl 0COOEHHOCMU GIUSHUS NPOMBIUIEHHbIX CMOKOG 2OPHBIX
npeonpusimuti 8 ycioeusx 2opucmolx ranouiagpmos Kaexasa. Ha npumepe KpynHvix MecmopoicoeHuil
0aHO KoauYecmeeHHoe noomeepicoeHue gedyweli poiu X60Cmo8 0602aujeHuss Memauiuieckux pyo
6 XUMUYECKOM 3azps3HeHuu 2ophblx meppumopuil. Cihopmynuposana KoHyenyus 0Cradienus IK0I02UY
20PHBIX Meppumopuil. U YXyOuleHuss 300p06bsi HACELeHUs. 6CLeOCMEUe XUMUUECKO20 3A2PSI3HeHUs.
2OPHOU Ccpedbl OmX00amu 20pHo20 npoussodcmea. Onpedenenvl KOIUHECTGEHHble NAPaAMempbl
GAUSIHUSL  2OPHO-MEMALLYP2UYECKO20 NPOU3BOOCMEA HA 300P08be HAcCeleHUsi U O0an NpocHO3
nepcnekmue mMep no 3auume HaceleHus Om He2amugHo20 GIUSIHUS 20pHO20 npoussoocmea. I[lokaszano,
YUMo PAOUKATbHASL 3AWUMA OKPYdIcaroujell cpedbl Om XUMULECKO20 3A2PAZHEHUs. GO3MONICHA MOIbKO
npu  2ny60KoU YMUIu3ayuu Omxo008, PEeKOMEHOO8ANbl NPOSPEeCCUBHbIE Memoobl YMUIUZAYUU
nPOMbIULIEHHBIX CMOK08. Pesynbmamel ucciedosanus mozym Ovimos ucnonb308anvl npu pazpabomee
MeCmopoAICOeHUll MEMANLOCOOEPHCAWUX NOTE3HBIX UCKONAEMBIX NOO3EMHBIM CHOCOOOM.
Buvieoovl. B ycnosusx — eopucmelx  1aHOWAPMOE  3acps3HEHUe  IKOCUCMEM  NPOOYKMAMU
CUHEP2eMUYeCKO20 G3AUMOOCUCMBUSl UHZPEOUCHMO8 MEeMALI0CO0ePICAUUX GeUjecms 6 npoyecce
npouU3800CmMEa Memaiios yCUIU8aemces. 3awuma okpyscaoujeil cpeovl 0m XUMU4ecKko2o 3a2Pa3HeHUs.
HCUOKUMU NPOOYKMAMU 20PHO20 NPOU3BOOCNEA PEANbHO GO3MOJNCHA NPU U3GNEUEHUU XUMUYECKU
ONACHBIX MEMANIUYECKUX UHSPEOUCHMOB U CHUIICEHUU UX COOEPAUCAHUSI 00 YPOGHSL CAHUMAPHBIX HOPM
C UCNONBb30BAHUEM HOBBIX NPUPOOO- U pecypcochepe2arouux mexHon02ull.

Kniwoueevie cnosa: 2o0pnoe npousgoocmeo,; NPOMbLULLEHHBIE CIOKU, IKOL02US, X80CHIbl 0002aUeHUs;
aKocucmema, 300posve ooell.
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