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Abstract — Coal mining has a significant impact on the environment by altering natural ecosystems, degrading land
resources, and affecting the quality of air and water. As global energy demand continues to grow, coal remains one of the
primary energy resources in many countries. In India, coal has been the dominant source of energy for several decades,
supplying approximately 27% of the world's commercial energy demand and playing a crucial role in industrial and
economic development. However, extensive coal extraction has resulted in considerable environmental challenges that
require effective management and sustainable mining practices. This study analyzes the environmental consequences of
coal mining, with particular emphasis on open-pit and underground mining methods. Geological conditions determine
the choice of extraction technology, while each mining method produces different types and volumes of environmental
impacts. The research examines land degradation, habitat destruction, biodiversity loss, waste generation, and pollution
associated with coal mining activities. Special attention is given to the accumulation and disposal of mining waste, which
represents one of the major environmental concerns in coal-producing regions. The analysis demonstrates that inadequate
waste management and uncontrolled disposal of mining residues lead to soil degradation, contamination of surface and
groundwater resources, deterioration of air quality, and long-term ecological imbalance. These environmental impacts
also negatively influence the health and quality of life of nearby communities. The findings highlight the necessity of
implementing environmentally responsible mining technologies, improving waste management systems, strengthening
environmental monitoring, and adopting sustainable land reclamation measures. The proposed recommendations can
contribute to reducing the ecological footprint of coal mining while supporting the sustainable development of mining
regions.
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Anoamna — KeMip eHIIpy KopIIaraH OpTara aWTapJIbIKTail ocep eTil, TaOWFu 3KOoXKyHenepAiH Oy3bLIybIHA, >Kep
pecypcTapbIHBIH JAerpalalusichlHa, COH/Al-aKk aya MEH Cy calachlHbIH HamlapiayblHa okelneni. bamamanbl sHeprus
Ke3/1epiHiH KapKbIH/AbI 1aMyblHa KapamMacTaH, KeMip KeITEereH eljep YIIIH Heri3ri SHepreTHKalbIK pecypcTap/blH 0ipi
Oouen Kasta Gepeni. YHicTaHa KeMip OipHeIle OHJaFaH >KpU1ap OOMBI HETI3ri SHEprHs Ke3i OOJIbIIT caHala/lbl JKoHe
QNIEMJIIK KOMMEPIUHMSUIBIK DHEPrHs TYTHIHYBIHBIH InamameH 27 %-blH KaMTaMachl3 €Te OTBIPBIN, OHEPKACiN IeH
SKOHOMHKAHBIH JaMyblHa €Jeyi yJiec Kocaabl. JlereHMeH, KeMipai KapKbIHABI OHAIPY Ka3ipri 3aMaHFbI HKOJIOTHSUTBIK
HIeTTiMAEpP/Ii Talal eTeTiH eneysi TaburaTKa ocepiepMeH KaTap Kypeli. byi skyMmpicTa KeMip/i amIbIK KOHE KepacThl
ozicTepiMeH OHIIPYAIH KOpIIaraH OpTara THTI3eTiH ocepiHe Tammay Kypri3inai. KeH opHBIH Hrepy TEXHOJOTHICHIH
TaH/Iay T'eOJIOTHSUITBIK JKaFaiinapra OaiIaHbICTEI €KEHAIT JKoHe opOip eHIIpy oAiCiHIH KOpIIaFaH OpTaFa THTI3eTiH acepi
opTYpIIi 6OJATHIHBI KOPCETUAl. 3epTTey OaphIChIHAA JKEePAiH Aerpadanuschl, TAOUFU MEKEHJIEY OpTAaChIHBIH OY3bUTYHI,
OMOoayaHTYPJIUIIKTIH a3arobl, Tay-KeH 6HIIpICi KaJABIKTAapbIHBIH TYy3UIyl JKOHE KOpIIaraH OPTaHBIH JACTaHYEI
MaceJenepi KapacTelpbuLibl. Kemip eHAIpy KalIbIKTapblH )KHHAKTAY, CaKTay )KOHE K9JIeTe )KapaTy MaceseIepiHe epeKiie
Haszap ayAapbUIAbl.3epTTey HATIKeNepl KaJABIKTapAbl THIMCI3 OacKapy KoHe oJiapAbl OaKbpUIayChl3 OpHAJacThIPY
TOIBIPAKTHIH, JKEPYCTI XSHE KEpacThl CYJIapbIHBIH JAaCTaHybIHA, aTMOC(EPANIBIK aya CallaChIHBIH TOMEHJIEYiHE JKoHe
9KOJIOTHSUIBIK TETe-TeHIIKTIH OY3blTybIHA oKelNeTiHiH kepceTTi. COHBIMEH KaTap, OyJ1 yZiepicTep XaJIbIKThIH IEHCAYIIBIFbI
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MEH eMip Cypy camachlHa Kepi ocep €TeTiHi aHBIKTaIbl. AJIBIHFAH HOTIDKEJIEp HETi3iHIe KoMip OHIIpyae SKOIOTHSITBIK
KayiICci3 TeXHOJOTHSIIAP.Ibl €HT13y, KAABIKTapIbl OacKapy >KyHeciH KeTUIIipy, SKOJIOTHIIBIK MOHUTOPUHTTI KYIIEHTY
YoHE OYIIIHTEH JKepliepIi peKyIbTHBALNSIIaY OOUBIHIIA YCHIHBICTAp Oepinai. by mapamap kemip eHAipy eHEepKaciOiHIH
KOpIIaraH OpTara TUTI3ETiH Tepic ocepiH a3alTyra KoHE Tay-KeH OHIpJIEPiHiH TYpaKThl JAMYBIH KaMTaMachl3 eTyTe
MYMKIHIIK Oepei.

Tyitin ce30ep — xeMip eHAIPY, NaMy, KOHBIC ayIapy, >KapbUIFBIII 3aTTap, JaCTaHy.

BJIMAHUE JOBBIYUA YI'JISA HA OKPY/KAIOIIYIO CPELY
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Annomayus — J1o0bI4a yIis OKa3bIBAaeT CYLIECTBEHHOE BO3ICHCTBHE HAa OKPYXKAIONIYIO CPEJY, BBI3bIBask JErPaalliio
MIPUPOJTHBIX 3KOCHUCTEM, HApYIICHHE 3EMENIbHBIX PECYpCOB M YXYIIICHHE KadecTBa BO3AyXa M BOJHBIX OOBEKTOB.
HecMoTps Ha akTHBHOE Pa3BHTHE AIbTCPHATUBHBIX HMCTOYHHKOB 3HEPIHH, YrOJIb OCTaeTCS OJHMM M3 Ba)KHEHIINX
SHEPreTUYECKUX PECYpcoB BO MHOTHX CTpaHax mupa. B MHmum yromp Ha NMPOTSKCHHUM HECKOJIBKHX JECATHIICTHH
SIBISIETCSI OCHOBHBIM MCTOYHUKOM 3HEPTHH, oOecrieunBast 0Kosio 27 % MUPOBOTO KOMMEPYECKOTO SHEPTONOTPEOICHUS U
UTpast BAYKHYIO POJIb B PA3BUTHH MIPOMBIINICHHOCTH ¥ 3 KOHOMHKH. OTHAKO MHTCHCHBHAS T0OBIYA YTJISl COPOBOXKIACTCS
3HAQUUTEIbHBIMH OSKOJOTMYECKUMH MOCJIEACTBUAMH, TPEOYIOIMMH BHEIPEHHUS COBPEMEHHBIX IPUPOIOOXPAHHBIX
peuenuii. B pabote npoBeneH aHaIM3 SKOJIOTUUECKHUX MTOCIEICTBUI OTKPHITOTO U MOJ3EMHOI0 CIIOCOO0B TOOBIUH YIJIS.
HOKa3aHO, 4qTo BbI60p TCXHOJIOTUHU I[O6I)I'-II/I OIMPCACIACTCA I'COJIOTHIUCCKUMU YCIOBUAMU MECTOPOKICHUA, ITPU 3TOM
Ka)XABIH cIOCOO OKa3bIBaeT pa3iIMYHOE BO3JCHCTBHE Ha OKDPYXKAIOIIYI0 Cpefy. PaccMOTpeHBI BOIPOCHI Jerpajaluu
3eMellb,  pa3pyllIeHHs  €CTECTBEHHBIX  MECTOOOMTaHMH,  CcOKpamieHuss  OuopazHooOpasus,  00Opa3oBaHUA
TOPHOIIPOMBILIJICHHBIX OTXOJIOB W 3arps3HEHHs KOMIIOHEHTOB OKpyatoleil cpensl. Ocoboe BHUMaHHE YJIENECHO
np06neMaM HaKOIIJICHUA, XpaHCHHUA W YTWIM3allUh OTXOIAO0B yrﬂe,uo61>13a101uero IMpOU3BOJCTBA. Pe3yanaT1>1
HCCIIEeJOBaHMS TOKa3all, 9T0 Hea(h(heKTUBHOE YIPaBJICHHE OTXOJaMU M X HEKOHTPOIMPYEMOE Pa3MEIICHIE IPUBOASAT
K 3arpsA3HCHUIO TI0YBBI, IOBEPXHOCTHBIX M TOJ3EMHBIX BOJ, YXYAIICHHIO KadecTBa aTMOC(EpHOTO BO3IyXa H
HapyIICHUIO SKOJIOTHYECKOTO PABHOBECHS. Y CTAHOBIJIEHO, YTO JAaHHbBIE IPOLECCH OTPUIATEIBHO BIMSIOT Ha 37I0POBHE
HaceleHWs W KadecTBO XM3HM B IPHWIETalOMMX paioHaXx. Ha ocHOBe NOJIydeHHBIX pPE3YJIBTATOB IPEATI0KEHBI
PEKOMEHIANH 110 BHEJPEHHUIO 3KOJIOTHYECKH OEe30MacHBIX TEXHOJOIWH OOBIYM YIS, COBEPIICHCTBOBAHHIO CHCTEM
oOpallieHHsi ¢ OTXOJlaMH, YCHJIEHHIO DKOJIOTHYECKOr0O MOHHMTOPHHIA M NPOBEACHUIO PEKYJbTHBALMU HAPYIICHHBIX
3eMellb, 4TO OyJeT CcrocoOCTBOBATh CHIIXKEHHIO HEraTHBHOTO BO3JCHCTBUS yriie[oOBIBAIONIEH MPOMBIIIJIEHHOCTH Ha
OKPYKAIOLIYIO CPEry.

Kniouegvie cnoga — J1o6b1ua yriis, pa3sBUTHE, MUTPALIUs, B3PIBUATHIE BEILIECTBA, 3aTPSI3HEHUE.

MAIN PROVISION

The environmental impact of coal mining
extends beyond land degradation and resource
depletion, affecting air quality, water resources,
biodiversity, and human health. Both surface and
underground mining generate significant
environmental pressures through waste generation,
dust emissions, noise pollution, land subsidence, and
ecosystem  disturbance. The  adoption  of
environmentally  responsible mining  practices,
effective waste management, mine reclamation, and
ecological restoration is essential to reduce the
environmental footprint of coal mining while
maintaining its economic benefits.

INTRODUCTION
Mining activities, especially during the
development of forest areas, put a lot of pressure on

the local flora and fauna. An important issue is also
the impact of mining on underground water levels,
turbidity of surrounding bodies of water, and land
destruction. Although coal mining makes a
significant contribution to the economic development
of the country, it also negatively affects human
health. In addition, coal mining also affects the socio-
cultural life of miners and the population living in this
region. Therefore, when carrying out mining
activities, a comprehensive approach is needed,
taking into account the impacts on the local habitat
and ecosystem [1-5].

To do this, various factors must be taken into
account, such as determining the places where
minerals are found, correctly calculating the slope
angle of the dumps, safe disposal of waste and the
effective use of turbidity control structures. In India,
coal mining companies are implementing “clean
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coal" strategies that aim to reduce the impact on the
environment. Reducing the amount of ash by washing
coal increases combustion efficiency, and this
directly contributes to reducing the emission of
pollutants. Although the process of washing coal
requires additional water, it allows you to step
towards a pollution-free society [6-8].

During the combustion of coal, harmful
substances such as sulfur dioxide, nitrogen oxide,
carbon dioxide, as well as dust and ash particles are
released. In areas where coal is burned, the level of
air and water pollution can reach dangerous degrees.
It is recognized that coal mining around the world has
a negative impact on local and global ecology. It
destroys vegetation at the local level, causing soil
erosion and  disrupting the balance of
microorganisms. And globally, methane gas is
released from coal seams, which creates a greenhouse
effect 30 times stronger than carbon dioxide. Thus,
coal mining has a negative impact on air quality
standards. Underground mining contributes to soil
degradation, leading to groundwater depletion and
land subsidence in many regions [9].

In the event of land subsidence beyond the
threshold, it is necessary to replenish it. There are also
socio-cultural negative consequences of coal mining,
such as the migration and resettlement of people,
changes in cultural heritage, as well as an outbreak of
criminal and other illegal activities in the region due
to a sharp increase in economic development through
mining.

However, mining projects also have positive
effects, including changes in the employment
structure, increased sources of income, infrastructure
development, and community prosperity. Changes in
transport, communications, the education system,
trade, recreation and medical services are also among
the positive effects of coal mining. Thus, it is obvious
that coal mining is harmful to the environment,
however, it contributes to economic development, as
well as increasing the level of self-provision through
the effective development of Natural Resources [10].

Although it is not possible to move mining
operations to another location, it is possible to reduce
the damage to the environment by choosing the right
production site and introducing new technologies
[11-13].

Research gap. Although numerous studies have
investigated individual environmental impacts of coal
mining, most of them focus on specific issues such as
air pollution, land degradation, water contamination,
or ecological restoration separately. There is still a
lack of comprehensive assessments integrating the
multiple environmental, ecological, and socio-
economic consequences of coal mining within a

unified framework. Furthermore, limited attention
has been given to combining recent international

environmental ~ management  practices  with
sustainable mine reclamation strategies and
occupational environmental risks. This study

addresses this gap by providing an integrated
evaluation of the major environmental impacts of coal
mining together with contemporary mitigation and
restoration approaches.

Novelty statement. The novelty of this study lies
in the comprehensive analysis of the environmental
impacts of coal mining by integrating recent scientific
findings (2022-2025) on air, water, soil, biodiversity,
noise pollution, land subsidence, and ecological
restoration. Unlike conventional reviews that
examine individual environmental components, this
study considers the combined effects of mining
activities throughout the mine life cycle and
highlights sustainable environmental management
practices, mine reclamation strategies, and modern
mitigation technologies aimed at reducing the
ecological footprint of coal mining under current
sustainability and carbon-neutrality objectives.

METODOLOGY

Noise pollution is currently recognized as an
important health risk factor. It is dangerous not only
because it causes discomfort, but also because of its
harmful effect on the human body. Long-term
exposure to noise can lead to partial hearing loss in
the ear and even permanent damage to the inner ear.

The problem of noise in underground mines is of
particular concern, as acoustic features in confined
spaces contribute to the spread of noise and its impact
on workers [14].

The main sources of noise in underground
mines:

1. coal cutting machines;

2. coal conveyors and wagons (tubes);

3. coal blasting process;

4. production, ventilation and  drilling
equipment;

5. main and secondary fans, air blowing
systems.

Increased noise is often due to poor equipment
maintenance. In most mines, noise exceeds the
permissible level of 90 dB (A), and this is a safe limit
for 8 hours of Operation per day [15].

A study carried out by the DGSHB (General
Directorate of mine safety:

The results of the study showed that drilling rigs,
crushing and conveying systems emit noise
exceeding the level of 90 dB (a). This poses a serious
threat to the health of miners and requires urgent
introduction of noise protection measures.
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Table 1 — Noise level in underground coal mines

Research location

Average noise level (1b)

Near the mine scraper 96
Transfer point 99
Conveyor belt end 89
Hydraulic pump 91

RESEARCH RESULTS AND DISCUSSION

The development and Land Use Plan of the field
should include the stage of preparation of the mine for
preliminary operation, the operational stage and the
post-operational stage. The plan should clearly state
the goals of Post-Operational Land Use and describe
the measures necessary to achieve this goal.

When developing this plan, it is necessary to take
into account not only direct mining operations, but
also the terrain around and the peculiarities of the
ecosystem.

In the description of the region, several main
components are taken into account. First of all, the
current land use model of the region and the general
characteristics of human settlements are considered.
In addition, the natural features of the local
ecosystem, climatic conditions and the most
important characteristics of the terrain are analyzed.
Data related to the terrain include such features as
geomorphological conditions, topography and
drainage system, cracks and crevices in the geological
structure, as well as hydrogeological indicators-the
location of permeable layers, the relationship of
underground and surface waters and their hydraulic
parameters. At the same time, the ability of natural
soil and water to absorb pollution, as well as the
distribution area and reserves of fertile soil, are also
taken into account.

The state of transport and communication
infrastructure in the region also plays an important
role. In addition, information on mining operations
will be considered, information on the types of
extracted minerals, methods of production and
stationary installations used, the volume of waste and
methods of their disposal, the risk of land subsidence
and landslides will be studied. Also, the requirements
for the transport infrastructure necessary for
production and the characteristics of the services and
facilities to be installed are taken into account.

CONCLUSION

Mining has a significant impact on the
economic, social and environmental structure of
neighboring regions. Although mining provides
economic development in a given region, it causes
land destruction and causes environmental and socio-
economic problems.

To solve the problem, important environmental
factors must be taken into account. Each mine head

must maintain an environmental checklist in
accordance with the government of India's mining
license terms and environmental management plan.
By systematically reviewing this information,
specific environmental issues of the mine can be
identified. Low environmental performance can
accelerate situations that require strict regulation.

The cracks caused by the subsidence (sitting) of
the Earth have left many places infertile and unstable.
Also, the seating of the land led to the drying of
nearby reservoirs and Wells. However, through the
joint efforts of coal mining companies and local
authorities, it is possible to recycle these lands and
return the product to use. However, consistent and
coordinated work is not being done in this direction.

The main thing is to close the cracks. It is not
necessary to restore the dug land to its original state,
even if it is used for agriculture, landscaping or
housing construction. According to some researchers,
it is necessary to improve the water storage capacity
of the dugouts under the soil.

According to scientists, before starting work on
the restoration of the land, the purpose of its future
use must be determined in coordination with local
residents. The most important thing is to seal the
cracks, and it is not necessary to restore the dugout to
its original relief, it can be used for the purpose of
agriculture, gardening or housing construction.
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