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Goal. A range of problems arisen in the process of coal-mining industry's restructuring in Luhansk district is analyzed.

Methodology. Main factors determining the possibility of unfavorable and dangerous processes related to the closure of coal
mines are described and analyzed.

The new data of the concentration of heavy metals and toxins in waters, soil, coal waste and rock dumps in industrial areas of
closed mines in Luhansk district are obtained. In order to define the pollution level by several elements, a total index of concen-
tration (TIC) has been applied. This index characterizes the overall geochemical load produced by all chemical elements with
abnormal level of concentration.

Research results. The data processing of lithographic sampling in Luhansk region has helped to define five large and more
than 40 smaller areas of anthropogenic pollution. Within the main industrial areas, the more intensely polluted sites (2-32 km2)
were revealed. They are related to some plants or industrial units. TIC here is 16-50, and in some sites it reaches 150.

Topicality. It is revealed that the most contrasting (TIC 8 — 126) and extensive (410 kmz) anthropogenic area is located in Al-
mazno-Mar'yvsk mine industrial region and stretches over 48 km in the northwest direction from the town of Perevalsk to the
town of Zolotoye. Typical contaminants for this region are arsenic, lead, fluorine, mercury, barium, manganese. Within the region,
large areas (15-25 kmz) with the maximum (TIC 16-77) pollution level of land were revealed. They are limited to industrial and in-
tended for building landscapes of the towns of Alchevsk, Bryanka, and Stahanov. More local (1-4 kmz) but nevertheless more
contrasting (TIC 16-126) abnormalities related to contamination are recorded near the coil mining plants of the towns of Teplo-
horsk, Zolotoye, and Horskoye.

Conclusion. The main pollutants of soils and bed deposits are revealed, they are the following: arsenic, lead, fluorine, mer-
cury, phosphorus, zinc, and barium. Cadmium, thallium, antimony, manganese, lithium, copper and chromium are also found. In
order to determine the level of land pollution by several elements, the total index of concentration was used. The specific fea-
tures related to the occurrence of some microelements in industrial waste of Donbas are described, their probable sources and

possible ways of use are suggested.

Introduction. In the regions of coal industry develop-
ment extremely unfavorable ecological circumstances have
emerged. Anthropogenic changes in the geological envi-
ronment that covers the area of more than 15000 km?
within the limits of Donetsk, Luhansk and Dnepropetrovsk
prove this fact. The situation took a dangerous turn due to
the consecutive implementation of the program of removing
from service unprofitable mines, chiefly by applying a
method of "wet" conservation.

It is revealed that the main factors that precondition the
unprofitable and dangerous processes associated with the
closure of mines are the following:

> a fault-block structure of rock masses with a wavelike
translation of blocks;

» monoclinique bedding of multilayer, lithologically
heterogeneous and irregularly weathered mass of coal
deposits;

» disturbance of the stressed state of rock masses in
underworked areas, including the areas of abandoned
shallow workings;

» a wide spread occurrence of fill-up grounds (rock
dumps, dumps of domestic and industrial wastes);

» a large number of hydraulic engineering structures
(tailing dumps, sludge dumps, settling basins, etc.);

» occurrence of soluble rocks and rocks that change
their properties when soaked and rehydrated;

» imposition of depression cones in the areas related
to mines;

» changes in chemical composition of surface and
underground waters as a result of mines operation [1,2].

Taking into account the above listed, it is possible to
suggest that Donbas represents a disturbed and very sen-
sitive to exposure anthropogenic structure. The change in
the state of the rock mass in the context of removal of

mines from service will keep its magnitude but there will be
the emergence and development of the whole complex of
phenomena and processes quite undesirable in terms of
ecological and geological safety. Among the particularly
dangerous processes are the following:

» underflooding of territory and
underground structures;

» rehydratation of soils, change of their physical and
mechanical properties, activation of such processes as
subsidence and hydration of ground base under various
buildings, weakening of structure bonds in grounds that will
induce the development of exogenic geological processes
(sliding of slopes, ravines, etc.);

» activation of suffusion and erosion processes,
irregular subsidence of the surface and, as a result, the
deformation of buildings and structures;

» a hydrodynamic impact on the soil masses and
buildings;

» intensification of gas release and gas accumulation
in underground structures, cellars and basements, which is
closely related to the issues of social safety;

» activation of underground water movement in the
direction of operating mines, changes in the surface run-off;

» change in chemical composition of underground
water, including the water of small artesian basins used for
domestic and industrial water supply;

» increased corrosivity of groundwater and relevant
processes of deterioration of metal, concrete and
reinforced concrete structures.

The removal of mines from service affords ground to
consider ecological and hydrogeological factors and
wastes accumulated during the long-term mining (for in-
stance, waste dumps, slurry sumps and wastes of coal
dressing placed on industrial areas) as a source of impor-
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tant influence on ecological and geological characteristics
of natural and anthropogenic systems. It is known that in
Stakhanov mining industry region there is approximately a
hundred of waste dumps; these waste dumps are the
sources of air pollution. Moreover, they have a negative
effect on the surface run-off, soil cover, and underground
waters. Therefore, the new data acquisition on the concen-
tration of heavy metals and toxic components in waste
dumps will improve the ecology of the area. Hence, the
research on the effect waste dumps and waste coal have
on the environment is extremely topical [3,4].

Goal. The goal of investigation is to reveal a mecha-
nism of toxic and "small" elements distribution both in the
rocks containing coals and the waste produced by coil in-
dustry plants. This will help to solve ecological and geo-
chemical problems concerning further storage or use of
products coming from coal conversion.

Methodology. In order to realize these goals, it is nec-
essary to solve the following tasks:

» to study the geological structure and hydrogeological
conditions within the locations of industrial enterprises;

» to study the special aspects of the waste storage;

» to carry out an investigation of potentially dangerous
objects of industrial plants: industrial area, waste dumps,
production waste, refuse dumps, mine water settling
basins, slime tanks, etc.;

» to define and map investigated anomalies.

Anthropogenic anomalies are characterized by a com-
plex of elements-impurities, therefore, in order to estimate
a level of land pollution by several elements, a total index
of concentration is used (TIC). This index characterizes the
geochemical load produced by all chemical elements with
abnormal content. According to the standards GOST
17.4.02-83 "Classification of chemical substances for land
pollution control", 24 elements of 1-st, 2-nd and 3-d classes
of danger were defined.

In some samples only selective components were de-
termined. In order to define the TIC, the value of their con-
centration was taken on the basis of related samples or,
otherwise, baseline value was used. This applies primarily
to arsenic [5].

Research results. In the result of data processing of
lithographic sampling in the limits of Luhansk region five
large and more than 40 local polluted areas were revealed.
Within the main anthropogenic site, the more intensely
contaminated plots (2-32 km?) were determined. All of
them are related to some plants or industrial units. TIC
here is 16-50, and in some plots it reaches 150.

It is found that configuration of anthropogenic anomalies
is very complicated and preconditioned by irregular distribu-
tion of pollution sources (mines, plants, industrial dumps).
Besides, complex air flows in urban area also add to the
problem. The main impurities of subsoil are: arsenic, lead,
fluorine, phosphorus, mercury, zinc, and barium; while cad-
mium, antimony, molybdenum, chromium, manganese, cop-
per, lithium, and thallium are of less importance.

The determination of natural geochemical background
plays a key part in defining the intensity of anthropogenic
pollution of subsoil. The assessment of geochemical back-
ground was carried out on the basis of characteristical
samples in the areas located far away from a source of
pollution. Local background was defined for each of the
three sites, as well as for the whole investigated area. The
coefficient of variation characterizing the diversity of back-
ground content ranges from 12 to 67.

Comparative characteristic of local background values
shows the certain (6-30%) increase in the content of lead,
phosphorus, cobalt from the west to the east. Higher con-
centration of magnesium, chromium, barium, lithium was
found in the central part of the investigated area.

It was revealed that geochemical background in the
south of Luhansk region practically doesn't differ from

clarkes and regional geochemical background of the soils
in Donetsk region [3,4].

Selected samples (n=1797) helped to define mean con-
tents of chemical elements. All the elements except vana-
dium and niobium showed an increase in mean contents in
relation to background concentration.

Topicality. It is revealed that the more contrasting (TIC
8 — 126) and extensive (410 km2) anthropogenic site is
located in Almazno-Mar’yvsk mine industrial region. It
stretches over 48 km in the northwest direction from the
town of Perevalsk to the town of Zolotoye. Arsenic, lead,
fluorine, mercury, barium, manganese are typical contami-
nants for this region. Within the site large plots (15-25 km2)
with maximum (TIC 16-77) subsoil pollution were detected.
They are limited to industrial and intended for building
landscapes of the towns of Alchevsk, Bryanka, and
Stahanov. More local (1-4 km?) but nevertheless more con-
trasting (TIC 16-126) abnormalities related to contamina-
tion are recorded near the coal mining plants of the towns
of Teplohorsk, Zolotoye, and Horskoye.

A close connection between maximum concentration of
elements and industrial and urbanized landscapes is par-
ticularly noticeable in a geological profile Zoinsk-
Mikhaylovka that runs across the town of Alchevsk. Here
one can detect positive abnormalities of lead, barium,
manganese, chromium, copper and negative abnormalities
of phosphorus and vanadium, and the latter two are not
characteristic for industrial landscapes.

The revealed anthropogenic site comes second in terms
of size and pollution level. It is a location (5 km wide and
80 km long) of sublatitudinal extension within the limits of
Bokovo-Khrustalny and Dolzhano-Rovenetsky mining re-
gions. Here arsenic, lead, mercury, barium, and molybde-
num have the most profound effect on the structure of con-
tamination. Maximal contamination level (TIC 16-149) is
recorded on the territory of industrial and urbanized land-
scapes of the towns of Vakhrushevo, Krasnyi Lukh, Antratzit,
Sverdlovsk, Chervonopartizansk, and a village Dzerzhinsky.

Peculiarities of chemical elements distribution in the di-
rection Krasniy Luch-Rovenki, Sverdlovsk-Krasnodon allow
to associate their maximal concentration with urban ag-
glomeration and certain plants (a mine "Centrosoyuz", a
plant "Titan", Krasnidon industrial and domestic waste).

Characteristic feature of anthropogenic site (TIC 8-
120), which was found in the area subjected to the influ-
ence of enterprises of Luhansk (80 km?), is the presence of
such elements as cadmium, antimony, lead, zinc which are
the main land pollutants.

Besides, large anthropogenic sites of pollution (100-
120 kmz) were detected near the towns of Lisichansk and
Krasnodon.

Waste dumps and waste coal may be used as a secon-
dary source of natural resources and building material, for
instance, as back filling in road construction. This will guaran-
tee the complex effective use of coal dumps and lead to the
improvement of ecological situation in coal mining regions.

Taking into account a range of modern ecological prob-
lems in coal regions, the view on rock dumps as mere recul-
tivation objects seems to be somewhat narrow. According to
the results of geological exploration, the majority of mining
waste should be considered as prospective deposits of fer-
rous, non-ferrous and rare-earth metals [4,6].

Available operational experience in processing such
anthropogenic deposits shows that the better they are ex-
plored, the more valuable they may become .

Conclusions. Special features of geological structure and
hydrogeologic conditions of investigated territories are studied.
It is defined that mining enterprises are the main sources of
pollution of land, bed deposits, surface and underground wa-
ters. Environmental pollution by harmful and toxic elements
has integrated nature due to a vast variety of sources of pollu-
tion, specific features of migration and accumulation.
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The main pollutants of soils and bed deposits are ex-
plored, and they are the following: arsenic, lead, fluorine, mer-
cury, phosphorus, zinc, barium. Cadmium, thallium, antimony,
manganese, lithium, copper and chromium also occur. Dan-
gerous concentrations of these elements are found on indus-
trial sites of coal mining enterprises and coking plants, where
the total index of pollution ranges from 16 to 32 units, and in
some enterprises it reaches 130 units.

Implementation of a complex approach to a coal-mining
industry's restructuring requires a change of attitude to rock
dumps, their estimation as a raw stock and adoption of new
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management solutions concerning their diversified usage,
particularly on the state level.
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EKONOro-reonori4yHi AOCNIMKEHHA NMPHUYONPOMUCIIOBUX PAVUOHIB NYTAHCBLKOI OBIACTI
B 3B'A3KY 3 PECTPYKTYPU3AUIEIO BYTIJIbHOI MPOMMUCNOBOCTI

Mema. lMpoaHanizoeaHo Komniekc NpobsieM Wo 8UHUKIIU NPU pecmpyKkmypu3auyii ey2inbHoi npomucnosocmi Jly2aHcbkoi o6nacmi.

Memoduka. OnucaHo ma cucmemMamu308aHO OCHOBHI ¢hakmopu siKi eusHa4yaromb MOXJIUGICMb 8UHUKHEHHS1 Hecnpusimiueux i He6e3neyHux
npouecie npu 3akpummi 8y2inbHUX waxm.

OmpumaHi Hoei AaHi 3a eMicmoMm ea)xkux Memariie i mMoKcUYHUX KOMIMOHeHmie y rpyHmax, eioxodax eyane3bazayeHHsl i TOPOOHUX eidsanax Ha
npommatidaH4yukax nikeidoeaHux waxm JlyzaHcbkoi obnacmi. [Qns eusHavyeHHs1 8eNlU4UHU 3a6pyOHEeHHS1 I'PYHMI8 KilbKoMma esleMeHmamu 3acmoco-
8aHull cymapHuli noka3Huk koHyeHmpauii (CI1K). Xapakmepu3ye 8iH 3az2anbHy 2e0XiMiYyHy HasaHMaXXeHHsl, cImeoplosaHy ycima XiMiyHUMu ese-
MeHmamu 3 aHOMaslbHUMU 3Micmamu.

Pesynbmamu. Y pesynbmaml 06po6ku daHux nimoximiuHo20 onpobyeaHHs1 mepumopii JlyeaHcbKoi o6nacmi eusiesieHo N'AMb 8eJTUKUX M/TOUSUHHUX MEeXHO-
2eHHUX opeoriie 3a6pyOHeHHs i binbwe 40 nokanbHux. BcepeduHi 0CHOBHUX MeXHO2eHHUX opeoartie audinsrombcst GinsiHKU (2 -32 kM’ ) 3 GinbW iHMEHCUBHUM 3a-
6pyOHeHHsIM rpyHmie. BoHu ripuypoyeHi 0o okpemux nidnpuemcme abo npomucsiosux eysnle CIK mym 1 6-50 a 8 okpemux micysix docsizae 150.

Haykoea Hoeu3Ha. BuzHayeHo, wjo Hal6inbw KoumpacmHuu (CI1K 8 — 126) i eenukuti (410 km ) mexHo2eHHuUl opeoJ1 po3mawosaHuli 8 Anmas-

Ho-Map‘iecbkomy elpHuqonpomucnoeouy palioHi i npocmsizaembcs Ha 48 km 8 [13 HanpsimKy 8id M. lMepesanbcbk 0o M. 3os10me. XapakmepHumu
3a6pydHIoeayaMu 0Nl HbO2O € MULL'AK, C8UHEUb, pmop, pmyms, 6apiti, MapzaHeub. YcepeduHi opeony eusieneHi eenuki (15 25 km?) dinsiHku 3
makcumansHum (CIK 16 — 77) 336py6HeHHﬂM noyeoepyHmis. [Mpuypo4eHi eaoHu do npomucnoeo-cenume6nux naHowagmie micm Anyeechbk,
Bpsiika, CmaxaHie. Binbw nokanbHi (1-4 km?) , ane kowmpacmni (CI1K 16 — 126) aHomanii 3 3a6pydHeHHsIM rpyHmie 8id3Ha4YeHi No6nu3sy eyanedo-
6yeHux nidnpuemcme pp. Tennozipcbk, 3onome, ipcbke.

lMpakmuyHe 3Ha4yeHHsi. BusieneHo ocHOBHi enemeHmu — 3abpydHroeayi noyeoepyHmoe i OOHHUX 8i0KnadeHb , HUMU €: MUW'SIK, C8UHeUb,
¢pmop, pmyms, chocghop, YuHk, 6apili. 3ycmpidaromscsi kadmil, maniti, cypma, mapaaHeyb, 1imil, Miob i xpomM. OnucaHo ocobnueocmi MOWUPEHHs
desikux MikpoesiemeHmie e npomucrniogux eidxodax [JoHbacy, HaeedeHi Moxnuei Axepena ix HaOX0O0KeHHs | eapiaHmMu 8UKOPUCMAaHHS.

Knrouoei cnoea. ByzinbHa npomucriogicmb, eKosi020-2e0s102i4Hi A0C/iOXKeHHsI, 2pyHmMuU, nid3emMHi eodu, 3a6pyOHeHHsl, CyMapHUli MOKa3HUK
koHuyenmpaduii (CI1K), Jly2saHcbka obnacmeb.
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3KONOro-reoNnorm4ECKME UCCNENOBAHUSA FOPHOMPOMBILLNEHHBIX PAMOHOB NTYTAHCKOW OBNACTU
B CBA3U C PECTPYKTYPU3ALUEN YIOJIbHOU OTPACIU

Uens. MMpoaHanu3upoeaH KoMnseKc npobsieM 803HUKWUX MPU pecmpykmypu3ayuu y2osbHol npombiwneHHocmu JlyzaHckol o6nacmu.

Memoduka. OnucaHbl u cucmemMamu3upoeaHbl OCHOBHbIe (hakmopbl onpedesnsilowue 803MOXHOCMb 803HUKHOBEHUSI Heb1a2oNnpusimHbIX U
onacHbIX MPOYEeccoes nMpu 3aKpbIMuu y20/1bHbIX waxm.

IMonyyeHb! Ho8ble aHHbIe MO codep)KaHUIO MSDKENbIX Memassioe U MOKCUYHbIX KOMIIOHEHIMO8 8 2pyHmax, omxodax yaneobo2aujeHusi u no-
POOHBLIX omeanax Ha npomnioujadkax nukeudupoeaHHbix waxm JlyzaHckol o6nacmu. [ns onpedeneHusi eeNUYUHbI 3a2pPsiI3HEHUST 2pPyHMO8 He-
CKOJIbKUMU 3/1eMeHmamu npumeHeH cyMMapHbIl nokasamens koHyeHmpayuu (CIK). Xapakmepu3yem oH o6uwjyro 2e0XuUMU4ecKyto Haspy3Ky, cO3-
OdasaeMyr0 8CeMU XUMUYECKUMU 3J1IeMeHmamu ¢ aHoMaslbHbIMU COOepKaHUsIMU.

Pe3ynbmamsi. B pesynbmame o6pabomku daHHbIX TUMOXUMUYECKO20 onpoboeaHusi meppumopuu Jly2aHckoli o6nacmu ebisiesieHo nsimb
KPYMHbIX nnomaaublx mexHO2eHHbIX 0peosioe 3azpsi3HeHuUs1 u 6osnee 40 s0kanbHbIX. BHympu 0CHOBHbIX MeXHO2eHHbIX 0OPeoJsI08 8bidesnromcsi
yuacmku (2-32 kM) ¢ 60/1€e UHMEHCUGHLIM 3a2Psi3HEHUEM M048. OHU MPUYPOYeHbI K OMOeLHLIM NPEINPUSMUSM UU MPOMLIWIEHHLIM Y3/1aM.
CI1K 3decb 16-50, a @ omdenbHbIx Mecmax docmuzaem 150.

HayuHasi Hoeu3Ha. OnpedeneHo, ymo Hau6osnee koHmMpacmHbiii (CIK 8-126) u o6wupHbIi (410 KM ) MmexHO2eHHbIU OPeoJ1 PacrosioxeH 8 AlIMa3Ho-
MapbeecKkoM 20pHONPOMbIWIIeHHOM palioHe u npocmupaemcsi Ha 48 km e C3 HanpaeneHuu om 2. [lepesanbck Ao 2. 3os10moe. XapaKmeprlmu 3azpsi-
3HUMenAMU Onsi He2o sI8JISIIOMCS MbIWbSIK, C8UHeY, ¢pmop, pmymb, 6apuli, Map2aHey. BHympu opeona ebisieneHb! KpynHbie (15-25 km ) y4yacmku ¢
makcumanbHbIM (CIK 16-77) 3a2psi3HeHUeM no4yeo2pyHmoe. [TpuypoyeHbl OHU K MPOMbIW/IeHHO-celumebHbIM naHowagmam 2opodoe Anyeseck, bps-
Hka, CmaxaHoe. bonee nokanwbHblie (1-4 kM°), Ho koumpacmuble (CIK 16-126) aHomanuu c 3ae2psi3HeHUeM o4Ye ommMeyeHbl 8671U3U yar1edobbisaroujux
npednpusimuii 2e. Tennozopck, 3onomoe, Mopckoe.

lMpakmuyeckoe 3HayeHue. BbisieieHbl OCHOBHbIE 3/IeMeHMbI-3a2PsI3HUMEIU M04802PYHMO8 U OOHHbLIX OMJIOKEHUU, UMU S8/ISAIOMCS: MblWb-
SK, ceuHeuy, omop, pmymsb, ¢hocghop, YUHK, 6apuli. Bcmpeyaromcs kadmul, mannul, cypbmMa, MapaaHeuy, qumul, Medb U xpom. OnucaHbl 0cO6eH-
HOCmMu pacnpocmpaHeHusi HeKOMOopPbIX MUKPO3/IeMeHMoe8 8 MpoMbiusieHHbIx omxodax [JoH6acca, npueedeHbl 803MOXHbIe UCMOYHUKU UX IO-
cmyneHusi U eapuaHmbl UCMOJIb308aHUSI.



