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STUDY OF THE IMPACT OF LIMESTONE
MINING AND PROCESSING ON ECOSYSTEMS

Abstract. The paper considers the importance of the extracted limestone of the southern region of our country as a necessary building material based on the analysis
methods. Limestone as a non-metallic building material is an important resource for Kazakhstan, providing raw materials not only for the domestic market, but also for
foreign trade. However, during the extraction of limestone and its processing into lime or cement, experimental work has established the release of dust particles and
harmful gases such as carbon dioxide (CO:), which is a greenhouse gas. These emissions negatively affect the quality of atmospheric air, as well as human health, leading
to respiratory diseases. In order to reduce emissions of CO: and other polluting gases during limestone firing, technologies aimed at reducing carbon emissions are being
introduced, using alternative energy sources or carbon capture and storage.
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OKTAaCThI aJ1y K9HE OH/Iey NPOLeCiHiH IKoKYlere dcepiH 3epTrey

Anarna. XKymbIcTa eniMi3/iiH OHTYCTIK aifMaFbIHAaFBI OHJIPUITCeH OKTACTBIH TaJjay dJ(icTepi Heri3iH/e KaKeTTi KyphUIbIC MaTepUaIbl PETiH/Ie MAaHBI3(bUIBIFBI Kapac-
TBIPbLIA/Ibl. OKTAC KeH/II eMec KYpbUIbIC MaTepualbl peTinae KazakcraH yImiH ilKi HapbIKThI FaHA €MeC, CBIPTKbBI caylaHbl [a [IMKI3aTIIeH KaMTaMachl3 €TeTiH MaHbI3Ib
pecypc 6oubin TabbLIabl. ANaiiia, 9KTac OHAIPY KOHE OHbI 9K HeMece [IEMEHTKE OH/IEY MPOLECiH/Ie IKCIEPUMEHTTIK )KYMBICTapFa CYHEeHEe OTHIPHII, MAPHUKTIK ra3 G0IIbI
TaObLIATBIH KOMIPKBIIKBLT rasbl (CO2) CUSKTHI IIaH OeIIeKTepi MEH 3USH/IbI ra3aapablH 0eliHyi aHbIKTaIIbl. By MIbIFapbIHABLIAP aTMOC(EPANIBIK ayaHbIH CalachlHa,
COHJIali-aK aJaMaapAblH JeHCAyIbIFBIHA TEPIC 9cep eTe/ll THIHBIC ATy OpraHIapbIHbIH aypyJapblHa dKeIeai. OKTacThl Kyiaipy npouecinae CO: xaHe 0acKa acTayIsl ras3-
Jlap IIbIFAPBIHIBUIAPBIH a3aHTy YINIH KOMIpTETi IIbIFApbIHIbUIAPBIH a3aiiTyFa OaFbITTAIFaH TEXHOJIOTUsIIAp CHTI31Ty/Ie, OaaamMalbl SHeprHs KO3JepiH Maianany HemMece
KOMIPTEKTI ycTay jKOHE CaKTay.

Tyiiinoi ce30ep: akmac, kenoi emec Mamepuail, IKOI02UsL, WbIAPLIHObLIAD, MUKPOKATLYUM, KAPbEP, MUHEPA.

N3yyenne Bo3aeicTBHSA Mpoiecca J00bIYH U MepepadoTKH U3BECTHIKA HA IKOCHCTEMBbI

AnHoTauusi. B pabore paccmarpuBaeTcst 3HAUMMOCTb JOOBIBAEMOT0 H3BECTHSIKA FOXKHOTO PErHOHA HAIlel CTPaHbI B KAYECTBE HEOOXOAUMOTO CTPOUTEIBHOIO MaTe-
puajia Ha OCHOBE IIPOBCACHHBIX METOI0B aHAIN3a. V3BeCTHSK B KQ4eCTBE HEPYAHOTO CTPOUTCIIBHOI'O MaTe€pualia ABISICTCA BaXXHBIM PECYPCOM IS KaSaXCTaHa, obecrre-
YHBas ChIPbEM HE TOJIBKO BHyTpeHHHﬁ PBIHOK, HO ¥ BHCIITHIOIO TOPT'OBJIIO. O}IHaKO, B IIporecce 2106]:1'{1/[ HU3BECTHAKA U €TI0 nepepa60’n<n B U3BECTh WJIM IICMCHT Ha OCHOBE
IKCIIEPUMEHTAJIBHBIX PAa0OT YCTAHOBIICHO BBIIC/ICHUE TBUISILIMX YACTHII M BPEHBIX Ta30B, TAKUX KaK YIIIEeKHCIbIH ra3 (CO:z), KOTOPBIl SBISETCS TAPHUKOBBIM I'a30M. DTH
BBIOPOCHI HETATHBHO BIIHSIOT HA KAY€CTBO aTMOC(EPHOTO BO3/yXa, a TAK)KE Ha 3J0POBbE JIOCH MPUBO/SL K PECIUPATOPHBIM 3a001eBaHUsIM. JIJ1sl yMEHBIICHHS BBIOPOCOB
CO:u JAPYTUX 3arps3HAIONINX ra30B B IIPOLECCE 00KHMIra U3BECTHSIKA BHCAPAOTCS TEXHOJIOTHH, HAIIPABJICHHBIC HA CHI)KCHUC YITICPOIHBIX BLI6POCOB, C UCIIOJIBb30BAHUCM

AJIBTCPHAaTUBHBIX UCTOYHUKOB SHEPIUH WJIH YIIaBIIMBAHWUA U XpaHCHHUA yIiiepoaa.

Knrouesnie cnoea: uzsecmusix, HepyOHblll MAMePUA, IK0N02usi, 6blOPOCHL, MUKPOKATLYUN, KAPbeED, MUHEPA.

Introduction

There are several large lime deposits in Kazakhstan that
meet the needs for construction and industrial materials such
as lime, dolomite and other minerals. One of the most famous
limestone mining areas is the South Kazakhstan region. In the
Republic of Kazakhstan, lime deposits are particularly import-
ant: deposits in the South Kazakhstan region. one of the major
regions where limestone is mined, used for the production of
lime and other building materials.; deposits in the Karaganda
region, significant reserves of limestone are also concentrated
in this region, which is used in the metallurgical industry, as
well as for the production of building materials [1]; deposits in
the Pavlodar region, limestone quarries are located, which pro-
vide the region with industrial reserves of limestone. These de-
posits are important for Kazakhstan’s industry, as lime is used
in metallurgy, chemical industry, construction and agriculture.

The purpose of the study is to study the process of the lime
industry’s environmental impact on environmental compo-
nents. The objectives of the study are: to determine the chem-
ical and physical properties of the extracted limestone as a
building material; to identify emerging environmental prob-
lems due to the extraction and production of a non-metallic
natural resource.

The limestone of the Big Karatau ridge is one of the largest
limestone deposits in Kazakhstan, located in the southeastern
part of the country. The Big Karatau ridge is part of a geo-
logical structure rich in various minerals, including limestone,
which is used in various industries. Features of limestones
found in Big Karatau:

1. Quality and composition: Limestones are characterized
by high strength and whiteness, which makes them suitable
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for the production of building materials such as cement, lime,
as well as for use in the chemical and metallurgical industries.

2. Geological significance: The limestones here were
formed in different geological epochs and have different com-
positions, which may affect their use in industry. Limestones
containing impurities of organic residues can be used for more
specific purposes.

3. Mining: Limestone deposits are actively being developed
and meet the needs of local businesses, as well as exports to
neighboring countries. It is an important source of raw materi-
als for cement, construction and other industries [2].

Thus, limestone from the Big Karatau ridge is an import-
ant resource for Kazakhstan, providing raw materials not
only for the domestic market, but also for foreign trade. The
chemical composition of limestones may vary depending on
the deposit and type of limestone, but in general, limestones
from domestic deposits contain the following components.
Calcium oxide (CaO) is the main component of limestone,
which makes up the bulk of its composition. Calcium in the
form of calcium oxide (CaO) is a key element used for the
production of lime and cement. Its content in limestones usu-
ally varies from 40% to 55%, depending on the deposit. Car-
bonates (CaCO0;s) — limestones are predominantly composed of
calcite (CaCOs), which is a form of calcium carbonate. It can
make up 80-90% of the rock composition. Magnesium oxide
(MgO) — some types of limestones contain magnesium in the
form of dolomite (CaMg(COs3)z). The magnesium content in
Kazakhstan’s limestones can vary from 1% to 10%, depend-
ing on geological conditions. Iron oxides (Fe20s) — Iron in the
form of oxides can be present in amounts up to 2—4%. It gives
limestone a dark shade and can be used in the metallurgical
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industry. Aluminum oxide (4/:05) — Aluminum in the form
of various compounds (alumina) is found in known rocks of
Kazakhstan in small quantities (up to 1-2%).Silicates (SiO:)
— Silicate impurities such as quartz (Si0:) can also be present
in limestones, but usually in small amounts (up to 10%). Other
elements: Limestones may contain phosphorus (P,0;s), sodi-
um (Na,0), potassium (K,0), as well as organic substances in
small quantities. Thus, the chemical composition of Kazakh-
stan’s limestones has a fairly wide range, which affects their
use in various industries such as construction, metallurgy and
the chemical industry [3].

Limestone mining usually takes place in an open-pit man-
ner (quarries developed using blasting), which leads to signifi-
cant changes in the landscape [4]. The mining process destroys
natural ecosystems, destroys vegetation, and disrupts natural
bodies of water [5]. Open pits can occupy large areas, leading
to land degradation, especially if remediation activities are not
carried out properly after the completion of mining. During the
extraction of limestone and its processing into lime or cement,
dusty particles (limestone dust) and harmful gases such as car-
bon dioxide (CO:), which is a greenhouse gas, are released.
Floating dust can negatively affect air quality, as well as the
health of people working in such areas. Such pollution often
leads to a deterioration in the health of local residents, includ-
ing respiratory diseases [6].

Materials and Methods

Various methods were used to study limestones, which al-
lowed us to obtain information about the composition, structure,
physico-mechanical properties and other characteristics of these
non-metallic rocks. X-ray fluorescence analysis (XFA) and
X-ray diffraction (XD) are methods that have made it possible
to study the crystalline structure of limestone and determine its
mineralogical composition. This method has made it possible to
accurately determine the content of various minerals such as cal-
cite, dolomite, clay minerals, quartz, and others [7]. The analysis
was carried out by a DRON-3 diffractometer. Chemical analysis
determines the content of the main components of limestone,
such as calcium (Ca0), magnesium (MgO), carbon (CO>), iron,
aluminum and other elements. Geochemical analysis was also
used, which includes the study of the distribution of chemical
elements in limestones [8, 9]. It helps to understand the origin
of the rock, as well as assess its suitability for various purposes
(for example, for the production of cement or lime). According
to the research topic, ecological methods were used in the study
of limestones. They aim to assess their environmental impact
and the impact of limestone extraction, processing and use on
ecosystems. These methods include various approaches to study
the effects on air, water, soil, and living organisms. In this study,
the Gank-4 gas analyzer was used to measure the dust content,
as well as emissions of pollutants such as carbon dioxide (CO:),
nitrogen oxides (NOx), sulfur dioxide (S0,), hydrogen sulfide
(H,S) and other components that are released into the atmo-
sphere during the extraction and processing of limestone.

Results

X-ray diffractometric analysis was performed on an auto-
mated diffractometer DRON-3 with Cu,, — radiation, f — fil-
ter. Diffractogram shooting conditions: U = 35 kB; I =20 MA,;

shooting 0-20; the detector 2 deg/min. X-ray phase analysis on
a semi-quantitative basis was performed using diffractograms
of powder samples using the method of equal weights and arti-
ficial mixtures. The quantitative ratios of the crystalline phases
were determined. The diffractograms were interpreted using
ICDD card file data: database of powder diffractometric data
PDF 2 (Powder Diffraction File) Release 2022 and programs
High Score Plus. The content was calculated for the main
phases. Possible impurities, the identification of which cannot
be unambiguous due to their low contents and the presence
of only 1-2 diffraction reflections or poor crystallization. The
experimental data are shown in tables 1-2 and in figure 1.

Table 1
Interplane distances and phase composition of the sample
Kecme 1
KazvikmulKapanvlK KaublKMobIK JHcaHe YaciHil
azanvix Kypamol
Taonuya 1
Mescnniockocmuole paccmosnus u (hazoewli
cocmas oopazya

d[A] 1[%] PDF Card number
3,85258 4,93 01-089-1304
3,35802 2,09
3,03282 100,00 01-089-1304
2,84130 1,39 01-089-1304
2,49388 5,91 01-089-1304
2,28301 9,57 01-089-1304
2,09317 9,33 01-089-1304
1,91148 8,74 01-089-1304
1,87316 9,58 01-089-1304
1,62421 1,63 01-089-1304
1,60208 3,87 01-089-1304

Table 2
Results of semi-quantitative analysis of crystalline phases
Kecme 2

Kpucmanowx pazanapoviy scapmolinaii canowvly,
manoayvlHovly, Homuicenepi
Taonuya 2
Pe3ynomamut noaykonuvecmeennozo aHaiu3a
Kpucmaniuueckux ¢haz

PDF Card . Concentration
Formula The mineral
number [%]
01-089- | (Mg,,;Ca,,,) | Mg-containing 100
1304 (co, calcide

Based on the experimental work carried out, it can be con-
cluded that an admixture (< 1%) of helenite Ca,(41,5i0,) is
possible. It is usually found in sedimentary rocks and may
be present as an admixture in limestones. Helenite occurs
as glassy or translucent crystals, with a characteristic green-
ish-yellow hue, and is part of more complex aluminosilicate
minerals [10].
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Figure 1. Diffractogram of the studied sample.
Cyper 1. 3epTTeseTin YIriniH Audpakrorpammacsl.
Puc. 1. Ilnppakrorpamma uzy4aeMoro oopasua.

When helenite is present in limestone, its role depends on The limestones also contained organic substances, such as
the concentration and the specific conditions under which the  remnants of vegetation or microscopic organisms (mollusk
limestone was formed. Next, a spectral analysis of limestone  shells, corals). This makes limestone organogenic and affects
was performed for its applicability in the production of micro-  its appearance and texture. The chemical composition of lime-

calcite (Tables 3-4). stones can vary significantly depending on their origin and
Table 3
Indicators for the presence of chemical elements in the sample, %
Kecme 3
Coinamaoa xumusanvl 2nemenmmepoin, Kepcemkiwmepi, %
Tabauua 3
Ilokazamenu na nanuuue XumuiecKux 31emenmos 6 npooe, %

Spectrum o Mg Al Si Ca Fe Total
Spectrum 1 52,74 0,37 0,11 0,21 46,26 0,31 100,00
Spectrum 2 52,60 0,32 0,12 0,21 46,59 0,15 100,00
Spectrum 3 52,70 0,30 0,21 0,63 45,94 0,23 100,00
Average 52,68 0,33 0,15 0,35 46,26 0,23 100,00
Standard. deviation 0,07 0,04 0,05 0,24 0,33 0,08
Max. 52,74 0,37 0,21 0,63 46,59 0,31
Min. 52,60 0,30 0,11 0,21 45,94 0,15

Table 4
Indicators for the presence of oxides by stoichiometry, %
Kecme 4
Cmexuomempus 00libiHwa OKcuoOmepoin, Kopcemxiwimepi, %
Tabnuuya 4
Iloxazamenu na nanuuue 0Kcudos no cmexuomempuu, %
Spectrum MgO Al 0, Si0, CaO FeO Total
Spectrum 1 0,91 0,32 0,66 97,47 0,63 100,00
Spectrum 2 0,80 0,35 0,66 97,89 0,31 100,00
Spectrum 3 0,73 0,59 2,01 96,22 0,45 100,00
Average 0,81 0,42 1,11 97,19 0,46 100,00
Standard. deviation 0,09 0,15 0,78 0,87 0,16
Max. 0,91 0,59 2,01 97,89 0,63
Min. 0,73 0,32 0,66 96,22 0,31
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environmental conditions. However, in general, the main com-
ponents of limestone are calcite (CaCO0s), as well as various
impurities.

Discussion

The use of limestone for the production of building materi-
als (such as cement, concrete and lime) It is accompanied by
a number of environmental problems related to the extraction,
processing and use of this natural resource. Thus, although
limestone is an important building material, its extraction and
processing can have a significant impact on the environment,
which requires taking measures to minimize damage.

Using the Gank-4 gas analyzer, it was found that limestone
mining, as well as processing of many other natural resourc-
es, generates emissions into the atmosphere, which can have
a significant impact on the environment (figure 2). The fol-
lowing are the main emissions that were generated during the
extraction and processing of limestone. Limestone dust is one
of the main emissions that occur during the extraction, crush-
ing and transportation of limestone. The dust particles contain
fine calcite (CaCO ;) particles, as well as other impurities such
as clay minerals and quartz. Dust causes health problems for
workers, as well as worsens the air quality in the surrounding
areas. It penetrates the lungs and causes respiratory diseases,
especially if the dust concentration is high. Dust also settles on
vegetation and bodies of water, which affects the ecosystem.
Carbon dioxide CO: is also an emission from this production.
Limestone itself (CaCO0s) is not a source of carbon dioxide
during its extraction, co: is released during limestone firing.
Calcining limestone for the production of lime or cement re-
quires high temperatures at which calcite decomposes:

CaCO, — CaO + CO,

Thus, the main source of CO: is the limestone refining
process, not its extraction. But CO: emissions from the com-
bustion of fuels used to heat furnaces are also significant. In
addition, Noy nitrogen oxides are released during the combus-
tion of fuels during the extraction and processing of limestone.
Nitrogen oxides are formed during high-temperature combus-
tion processes, such as calcining limestone in furnaces for the
production of lime or cement. These substances negatively af-
fect air quality, contributing to the formation of acid rain and
polluting water bodies. Also, sulfur dioxide SO: is released
during the processing of limestone if it contains sulfates such
as gypsum (CaSO0y). Although SO: is mainly released during

_
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Figure 2. Emission of pollutants into the atmosphere.

Cyper 2. ATmocdepara gacTaylbl 3aTTapAbIH
IIBIFAPBLIYBI.
Puc. 2. BoiOpoc 3arpsi3HSIIOLIUX BelllecTB B aTMOcdepy.

the combustion of fossil fuels, in some cases, when sulfur im-
purities are present in limestone, it can also be released.

Other industrial gases, such as hydrocarbons, including
methane (CH4), may be released during limestone mining if
mining occurs in areas where there are coal or gas layers. This
is due to the peculiarities of the geological composition of
the deposits. The limestone mining process, especially when
using heavy machinery and vehicles for transportation, emits
carbon dioxide, nitrogen oxides, hydrocarbons, and dust parti-
cles. These emissions come from burning fuels (diesel, gaso-
line) and using equipment. In some cases, when trace amounts
of toxic metals are present in limestone, such as lead (Pb),
cadmium (Cd), or arsenic (As), its extraction and processing
generates emissions with an admixture of these substances. Al-
though this is rare, such emissions can pose an environmental
threat to soil, water bodies, flora and fauna.

Conclusions

Limestone mining and processing can lead to emissions of
various pollutants, including dust, carbon dioxide, nitrogen ox-
ides, and sulfur dioxide. To minimize the environmental impact,
it is important to introduce environmentally friendly technolo-
gies, regularly monitor emissions and take measures to reduce
them. In order to reduce emissions of CO: and other polluting
gases during limestone firing, technologies aimed at reducing
carbon emissions are being introduced, for example, using alter-
native energy sources or carbon capture and storage. The intro-
duction of cleaner technologies in the mining process, such as
the use of low-sulfur fuels, improved crushing and transporta-
tion methods, can also reduce pollutant emissions.
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