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Abstract: This article presents a comprehensive environmental impact assessment of sawn
limestone quarrying in the Mangistau region, a key industrial area of Kazakhstan. The study focuses
on the ecological consequences of quarry operations, particularly the emission of dust and other
pollutants that contribute to air contamination. These emissions are shown to have a detrimental effect
not only on the natural environment but also on the health and well-being of both quarry workers and
nearby populations.

The research includes detailed analysis of air quality degradation caused by quarrying activities,
identifying primary sources of pollution such as rock cutting, transportation, and material handling.
It also explores the cumulative and long-term health risks faced by individuals working in the
quarrying sector, as well as those residing in close proximity to the industrial sites. The study
emphasizes the importance of monitoring particulate matter and airborne contaminants, which are
linked to respiratory and cardiovascular diseases.

In addition to identifying environmental and health hazards, the article proposes practical and
scientifically grounded mitigation strategies aimed at minimizing ecological damage. These include
the implementation of dust suppression technologies, modernization of equipment, and development
of green buffer zones around quarry sites. Furthermore, recommendations are provided to enhance
occupational safety and improve the overall working conditions for employees in the limestone
extraction industry. The findings of this study can serve as a foundation for future policy development
and regulatory measures in Kazakhstan’s mining sector.
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Introduction. The main limestone reserves in Kazakhstan are primarily concentrated in the
Mangystau region, which is renowned for its unique geological characteristics. These deposits stand
out due to their remarkable diversity, considerable thickness, and ease of extraction. Such features
make these limestone formations exceptional, with no known analogues anywhere else in the global
geological landscape. The limestone shell rock extracted here possesses distinct physical and
chemical properties, making it highly valued in construction. As a result, it is widely used not only
within the Commonwealth of Independent States (CIS) countries but also finds demand in
international markets abroad, demonstrating its broad applicability and significance in the
construction industry.

According to official data provided by the Land Relations Department of the Mangystau region,
there are currently 25 active quarries dedicated to the extraction of construction stone within the
region. These quarries are strategically important for the local economy and supply substantial
quantities of raw materials. However, the region faces environmental challenges related to quarrying
activities. Intense and persistent wind loads common to the Mangystau region play a significant role
in dispersing fine particulate matter. These fine fractions are primarily generated as waste during the
mechanical processing of stone. The dispersion of such dust particles leads to an increased
concentration of airborne dust in the atmosphere. In some cases, these levels exceed the maximum
allowable concentrations established by environmental safety standards. This excessive dust
contamination contributes to the pollution of pasture lands, which negatively impacts agricultural
productivity and local ecosystems.
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Moreover, the settling of dust particles on the mechanical components of renewable energy
infrastructure, such as the bearings of wind turbines and the surfaces of photovoltaic solar panels,
poses additional problems. The accumulation of dust impairs the operational efficiency of these
renewable energy sources by reducing aerodynamic performance and light absorption, respectively.
This, in turn, decreases the overall productivity and reliability of the region’s energy infrastructure,
creating challenges for sustainable energy development efforts.

Scientific studies conducted in the region have revealed a concerning health impact on quarry
workers exposed to limestone dust. These workers exhibit respiratory problems at rates significantly
higher than those observed in the general population [1-3]. The inhalation of fine limestone dust over
prolonged periods is associated with increased incidences of respiratory ailments, including chronic
bronchitis, asthma, and other pulmonary conditions.

Continuous exposure to these fine dust particles can lead to their accumulation and deposition
deep within the workers’ lungs, which can cause or exacerbate various pulmonary diseases,
sometimes leading to irreversible lung damage [4]. Furthermore, the elevated concentrations of
suspended particulate matter in the air across the Mangystau region, particularly PM2.5 and PM10
fractions, when combined with other industrial and vehicular pollutants, represent a serious threat to
the health and well-being of the local population. This environmental pressure necessitates urgent
attention and the implementation of effective mitigation strategies.

Materials and Methods. Given the complex environmental situation involving significant dust
pollution and declining air quality, the methods aimed at both quantitative and qualitative analysis of
factors affecting atmospheric pollution levels, as well as determining the relationship between quarry
activities and public health status.

Environmental monitoring was conducted based on regular measurements of airborne
particulate matter PM2.5 and PM10 near active quarries. The main methods included:

Instrumental measurements of dust concentration in the air using mobile monitoring stations in
the Zhanozen, Kuryk, Shetpe, and Aktau areas.

Comparative analysis of data from the platforms airkaz.org and iqair.com to identify pollution
peaks during the cold months and compare them with the maximum allowable concentrations
established by the World Health Organization (WHO).

To more accurately represent the spatial distribution of dust and assess its impact on agricultural
lands and settlements, geospatial analysis was employed. This method enabled the creation of dust
emission spread models based on cartographic data, identifying zones of the most intense pollution
and tracing potential pathways of its impact on surrounding areas:

Geographic Information Systems (GIS) were used to create pollution maps, allowing
visualization of PM2.5 and PM10 pollution levels in each district most affected by mining activities.

Concentration maps were obtained from satellite monitoring data and mobile stations,
providing temporal and spatial analysis capabilities.

To assess the impact of dust pollution on public health and vegetation, statistical analysis was
applied, including determining the correlation between particulate matter concentration and the
frequency of respiratory diseases among the local population (based on data from the central hospital
of Shetpe village).

For forecasting future consequences of limestone deposit development, a dust particle
dispersion model was constructed, taking into account climatic data on wind loads and directions
characteristic of the Mangystau region.

Results

PM2.5 is an air pollutant consisting of both solid microparticles and tiny liquid droplets. These
particles have a diameter of less than 2.5 micrometers, which allows them to penetrate deeply into
the lungs and even enter the bloodstream. PM2.5 often forms as a result of fossil fuel combustion, as
well as from industrial processes, traffic, and natural phenomena such as forest fires. Limestone dust
also falls into this category.

The short-term (24-hour) PM2.5 level recommended by the World Health Organization
(WHO) is 15 ug/m?, while according to the air pollution map data from airkaz.org, the average daily
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concentration of PM2.5 in the atmospheric air in Zhanaozen, Kuryk, and Shetpe was: Aktau — 70
pg/m?, Shetpe — 55 pg/m?, Zhanaozen — 54 pg/m?, Kuryk — 404 pg/m?.

According to iqair.com, the PM2.5 concentration in Aktau is currently 3.5 times higher than
the WHO’s recommended annual average air quality level [5].

In recent years, there has been a significant increase in respiratory diseases in the Mangystau
region [6].

The situation is particularly critical in the village of Shetpe, surrounded by 19 quarries for
extraction of building stone, gravel, and sand. The main problem in Shetpe is limestone dust, carried
by wind from the dumps around the quarries, which contain limestone waste from the sawing of shell
rock limestone [7].

Residents complain about poor air quality and frequent dustiness, which affects both people
and vegetation.

Dust from the quarries blankets the settlement, creating a foggy haze. The sparse vegetation
is unable to improve air quality. Dust also settles on garden plants and grass, which serves as livestock
feed [8].

Local residents report worsening health. The proximity of the quarries (the nearest one is only
500 meters from the village) and the use of primitive mining methods without adhering to safety
standards and quality control exacerbate the situation. Insufficient regulation and lack of inspections
by the local administration (akimat) also remain serious problems.

According to data from the central hospital, the number of people with allergic diseases,
chronic bronchitis (increasing from 39 to 42 patients), asthma (from 145 to 149 patients), and chronic
obstructive pulmonary disease (COPD) (from 20 to 25 patients) has risen in Shetpe [9].

Data from iqair.com shows that the current average daily concentration of PM2.5 in Shetpe is
2 to 5 times higher than the WHO’s recommended air quality standards for populated areas [10].

According to airkaz.org, as of April 19, 2024, the air quality index (AQI) for suspended
particles PM2.5 and PM10 in Shetpe is generally rated as satisfactory to unhealthy for sensitive
groups. However, last year, according to airkaz.org, the AQI for suspended particles PM2.5, PM1,
and PM10 in December, January, and February 2023 was extremely hazardous, exceeding the
recommended limit by more than 200 times.

Table 1 — Air Quality Index (AQI) Scale According to U.S. Environmental Protection Agency
(EPA) Standards

AQI Air
Quality Health Effects Precautions
Range
Level
Air  quality is  considered
0-50 Good |jsatisfactory, and air pollution poses|None
little or no risk.
Air quality is acceptable; however,
some pollutants may pose aj|Active children and adults, and people
51 -100 || Moderate ||[moderate health concern for a very||with respiratory diseases such as asthma
small number of people who are||should limit prolonged outdoor exertion.
unusually sensitive to air pollution.
Unhfe althy Members of sensitive groups may Active children and adults, and people
or experience health effects. The| . . )
101 - 150 . o . with respiratory diseases such as asthma
Sensitive ||general public is unlikely to be . .
should limit prolonged outdoor exertion.
Groups |jaffected.
Evervone mav begin to experience Active children and adults, and people
151 - 200 ||{Unhealthy Y Y beg P with respiratory diseases such as asthma
health effects; members of] )
should avoid prolonged outdoor
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AQI Air
Quality Health Effects Precautions
Range
Level
sensitive groups may experience|lexertion; everyone else, especially
more serious health effects. children, should limit prolonged outdoor
exertion.
Active children and adults, and people
Ve Health alert: everyone may||with respiratory diseases such as asthma
201 - 300 ry experience more serious healthshould avoid all outdoor exertion;
Unhealthy . )
effects. everyone else, especially children,
should limit outdoor exertion.
Healt'h‘ warning .Of emergency Everyone should avoid all outdoor
300+ |[Hazardous|/conditions: the entire population is hvsical activit
more likely to be affected. Py Y

To assess the level of hazard posed by pollutants, Table 1 presents the Air Quality Index (AQI)
scale based on the standards of the United States Environmental Protection Agency (EPA).

As seen in Figure 1, the level of air pollution in the village of Shetpe for the PM2.5 indicator
was very high during December, January, and February. The highest Air Quality Index (AQI) value
was recorded in January, with results ranging from Q=3204 to 3367. High concentrations of
particulate matter in the air were observed for 12 consecutive days. A similar situation was observed
for the PM1.0 indicator.
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Figure 1 — Air Pollution Map of Shetpe Village by PM2.5 Pollutant

Discussion of Results

The analysis of the collected data clearly indicates significant health and environmental risks
associated with the elevated levels of air pollution in the village of Shetpe, particularly affecting
vulnerable population groups such as children, the elderly, and those with pre-existing respiratory
conditions. During the winter months, when concentrations of fine particulate matter pollutants such
as PM2.5 and PM1 reach their peak, pollution levels increase markedly. This rise is largely driven by
adverse climatic conditions typical of the region, including persistently low temperatures and strong,
frequent winds. These environmental factors contribute to the accumulation and concentration of
airborne pollutants in the near-surface atmospheric layer, thereby worsening the overall
environmental quality and significantly increasing the risk of negative health effects on local
residents.
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The harsh winter conditions, characterized by cold temperatures and powerful wind activity,
facilitate the settling and stagnation of dust particles and other airborne contaminants. This creates
serious health risks, particularly for individuals suffering from respiratory diseases like asthma and
chronic bronchitis. Extended exposure to outdoor air with high levels of pollution can aggravate these
conditions, potentially leading to more frequent and severe exacerbations of chronic respiratory
illnesses.

The primary sources of these elevated pollutant levels are twofold: the naturally strong winds
that mobilize dust particles across the region, and the intensive quarrying activities related to building
stone extraction, which generate substantial amounts of dust and particulate emissions. In 2022, it
was reported that only 31% of quarry waste was processed or utilized effectively, underscoring the
urgent need to address waste management practices and reduce the environmental footprint of these
operations to improve regional air quality.

While the average Air Quality Index (AQI) values for Shetpe generally fall within a moderate
range, there are episodic spikes in pollution levels at localized points that significantly exceed
regulatory limits and safety thresholds. These transient but severe pollution events have a pronounced
negative impact on public health, particularly among the sensitive groups mentioned earlier.
Therefore, a comprehensive and multifaceted approach is imperative to mitigate the harmful effects
of air pollution. This approach should include active public education and awareness campaigns to
inform residents about pollution risks, the development and enforcement of programs aimed at
reducing dust and particulate emissions, and the adoption of modern technological solutions designed
to suppress dust generation during quarrying and stone extraction processes.

Despite the average AQI for Shetpe remaining within generally acceptable levels, the
occurrence of periodic pollution peaks in certain areas represents a serious health hazard. This fact
highlights the critical importance of ongoing, continuous environmental monitoring to detect and
respond promptly to pollution events. Additionally, it calls for the implementation of further
preventive and corrective measures to protect the health of the local population and improve the
overall quality of the environment in the region.

Conclusions

The results of the comprehensive analysis regarding the impact of shell limestone quarrying
on the environmental conditions in the Mangystau region clearly underscore the urgent necessity of
implementing effective and sustainable measures to significantly reduce atmospheric pollution.
Given the current state of environmental stress and degradation, it is notable that quarrying activities
in approximately half of the region’s extraction sites have been temporarily suspended. However, this
suspension represents only a short-term response and does not adequately address the underlying and
systemic issues that contribute to the region’s environmental challenges.

To achieve a lasting and meaningful improvement in air quality and overall ecological health,
it is essential to develop and implement a comprehensive, long-term strategy focused on the greening
and environmental modernization of shell limestone production. Such a strategy should encompass
the introduction and adoption of advanced, environmentally friendly technologies and equipment
designed to minimize dust generation and emissions during quarrying and processing operations.
Additionally, effective dust suppression methods must be applied consistently across all active
extraction sites to reduce airborne particulate matter.

Furthermore, increasing green infrastructure by expanding vegetation cover and creating
buffer zones around quarries can play a vital role in mitigating dust dispersion and enhancing local
air quality. Alongside these measures, the development of efficient waste management and recycling
programs is critical, particularly focusing on the transformation of accumulated quarry waste into
valuable and innovative construction materials. This circular approach not only reduces
environmental contamination but also contributes to resource efficiency and economic sustainability.

Implementing these measures will not only ensure strict compliance with existing
environmental regulations and international standards but also safeguard the health and well-being of
the local population, which is increasingly vulnerable to pollution-related health risks. At the same
time, these initiatives will help preserve a key regional industry—the production of shell limestone
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building materials—thereby supporting economic stability and securing employment opportunities
for local communities. In this way, a balanced approach can be achieved that promotes both
ecological integrity and socio-economic development in the Mangystau region.
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YJYTAC KAPBEPJIIK OHAIPY KE3IHJAE KOPIIIAFAH OPTAHBI KOPFAY
MOCEJIEJIEPI

I'.K. Myranun6oBa
K.A. Tumupsses ateiHaarel Mockey aybulapyamsUIblK akageMusacsl, Mocksa, Peceit
e-mail: cirhe@mail.ru

Anparna: byn makanana Manrbictay oOnbIChIHAA, Ka3zaKCTaHHBIH HETI3r1 ©HEPKICINTIK
ayJlaHbIHJIa KECUIT€H OKTac eHJipy OoiiblHIIA KaphepieplliH KOoplIaraH OpTara 9cepiH KelleHIl
Oaranay YCHIHBUIFaH. 3epTTey Kapbepiep KbI3METiHIH AKOJOTHMSUIBIK CalJapblH, aTan aiTKaHza
ayaHBIH JIACTaHYBbIHA BIKMAJ €TETIH IIaH MeH 0acKa JacTaylibl 3aTTapAblH IIBIFAPBIHABLUIAPHIH
KapacTelpasibl. Byn IIbIFapelHABUIAp KOpLIAFaH OpTara FaHa €Mec, COHBIMEH Karap MaHcall
KBI3METKEPJIePiHiH Jie, )KaKbIH MaHaFbl XaJIBIKTHIH /3 ICHCAYJIBIFBl MEH QJI-ayKaThIHA 3HSTHIIBI 3CEP
€TETIHI TAIEIACH/L.

3epTTeyre Tay-Ke€H >KYMBICTApBIHAH TYBIHIAFaH aya CamachlHBIH HallapiayblH erKei-
TerXKEH Tanjay, Tay >KbIHBICTApBIH KECy, TachIMalliay >KOHE OHJeY CHSKThI HEri3ri JacTaHy
Ke3/epiH aHbIKTay Kipei. O COHai-aK Tay-KeH CEKTOPBIH/IA KYMBIC ICTEHUTIH agamaap, COHTai-aK
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OHEPKACINTIK HbICAHAapFa aKbIH JKEePAC TYpPaThIHIAAp KE3/JCCETIH KUBIHTHIK KOHE y3aK Mep3imii
JICHCAYNBIK TOYEKENJEpiH KapacThIpaAbl. 3epTTEY TBIHBIC aly KOHE MKYPEK-KaH TaMBbIpIaphl
aypynapbiMeH OalJIaHBICTBI ayajarbl OOJIIEKTEp MEH JIacTayllbl 3aTTapabl OaKbUIAyIIbIH
MaHBI3IBUTBIFBIH KOPCETEII.

Kopmiaran oprara »oHe JIeHCAyJIbIKKa Kayil-KaTepiai aHbIKTayMeH KaTap, Makaiajaa
SKOJIOTHSUTBIK 3USHABI a3aiiTyFa OaFbITTalFaH MPAKTHKAIBIK JKOHE FBUIBIMHU HETI3JIENIeH a3aiTy
cTpaTerusuiapbl YChIHbUIFaH. Oapra maHabl 0acy TeXHOJIOTHUSIAPBIH eHTi3y, JKaOabIKThI KaHAPTY
XKOHE Kapheplep/IiH aifHaIachklHIa Kachkul Oydepik aiiMakTapasl Kypy Kipedi. bymgan 6acka, okrac
OHJIIPY cajachl KbI3METKEPJIEPiHiH eHOCK KayIICI3AIriH apTThIPY JKOHE JKaJIIbl CHOCK JKaFIaiIapbiH
kKakcapTy OoWMbIHIIA YCHIHBICTap Oepineni. byn 3eprreyain HoTmkenepi KazakcTaHHBIH Tay-KeH
OHJIIPY CEKTOPBIH/IA PETTEY casicaThl MEH IIapajapbliH OoJalaKTa 93ipJiey YIIiH Heri3 0oJia ajnaibl.

Tyiiin ce3mep: MaHrbicTay, OKTac, Kapbep, ayaHbIH JIACTAHYbBI, 3KOJOTHs, Maiaalbl
Ka30anapibl OHIIPY, ICHCAYIIBIK CaKTay.
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AHHOTanus: B naHHON cTaTbe INpeAcTaBlieHAa KOMIUIEKCHAs OLIEHKa BO3ACUCTBHA Ha
OKPYXAIOILIYI0 Cpely KapbepoB IO JOObIUE MIJICHOTO H3BECTHsAKAa B MaHrucrayckoil oOmacTw,
KJIIOUEBOM IpOMBIIIIIEHHOM paioHe Kaszaxcrana. IccnenoBaHue NOCBAIIEHO HKOJIOTHMYECKUM
MOCJIEACTBUAM JIEATEIIBHOCTH KapbepoB, B YaCTHOCTU BhIOpOCAaM MbUIM U JAPYTUX 3arps3HAIOLIUX
BEIIECTB, KOTOPbIE CIIOCOOCTBYIOT 3arpsi3HEHHIO BO3yXa. Jloka3aHo, 4TO 3TH BBIOPOCH! OKa3bIBAIOT
naryOHoOe BO3JEHMCTBUE HE TOJIBKO Ha OKPYXKAIOILYIO CPENly, HO M Ha 3/I0pPOBbE U 0JIaronoiaydyue Kak
paOOTHHKOB Kapbepa, TaK U OJIM3JIEKAIIEr0 HACEICHHUS.

HccnenoBanue BKIIOYaeT B ce0s JleTalbHBbIM aHadM3 YXYIIIEHUs KadyecTBa BO3JyXa,
BBI3BAHHOT'O JCATEIBHOCTBIO 110 JOObIUE MOJIE3HBIX HCKOMAeMBbIX, BBISIBIIEHHE OCHOBHBIX HCTOYHHUKOB
3arpsiI3HEHUs], TAKUX KaK pe3Ka Mopojbl, TPAaHCIOPTUPOBKA U MOIPY30UHO-pa3rpy304yHbIe padoThl. B
HEM TaK)K€ pacCMaTPUBAIOTCS COBOKYIHBIE U JOJITOCPOYHBIE PUCKH IS 310POBbs, C KOTOPBIMU
CTAJIKMBAIOTCS JIIOJU, paboTaromKe B CEKTOpPEe N0ObIUM MOJE3HBIX MCKOMAEMBIX, a TaKXKe TE, KTO
IIPOXKUBAET B HEMOCPEACTBEHHOM OJIM30CTH OT MPOMBIIIJIEHHBIX OOBEKTOB. B uccnenoBanun
ITOAYEPKUBACTCS BAJXHOCTh MOHUTOPHHIA TBEPJBIX YAaCTUIl U 3arps3HSAIOINIMX BEIIECTB B BO3/YyXE,
KOTOPBIE CBS3aHbI C PECIUPATOPHBIMU U CEPJCUHO-COCYAUCTHIMU 3a00JIEBAaHUSIMH.

B nomnonHeHne K BBISIBICHUIO ONACHOCTEH JUISl OKPY’KAOIIEH Cpeabl U 30POBbs, B CTaThe
IpEe/UIaraloTcs MpakTHUYECKUe M Hay4HO OOOCHOBAHHBIE CTPATErMHM CMSATYEHHs MOCIEICTBUM,
HampaBJICHHblE Ha MUHUMH3ALUIO 3KoJjormdeckoro ymiepba. K HHMM OTHOCITCS BHeApeHue
TEXHOJIOTUH IbIIETONaBICHUs, MOJIEPHU3aLUs 000PYIOBAHUS U CO3aHUE 3€JIeHbIX Oy(epHbIX 30H
BOKpYT KapbepoB. Kpome Toro, naroTcsi peKOMEHJalMK 0 MOBBIIICHUIO 0€30IacHOCTH TpyJaa U
YIYUIIEHUIO OOIIUX YCIOBUHM TpyAa paOOTHUKOB OTpAciH JOOBIYM M3BECTHsIKA. Pe3ynpTaThl 3TOro
UCCIIEIOBaHUsI MOTYT TOCIHY>KUTh OCHOBOW st Oyaymied pa3paOOTKH TOJUTHKA U Mep
peryaupoBaHus B TOpHOI00bIBaroIeM cektope Kazaxcrana.

KiroueBbie ciioBa: MaHrucray, W3BECTHSK, Kapbep, 3arpsA3HEHUE BO31yXad, DKOJIOTHS,
J00BIYa OJIE3HBIX UCKOMAEMBIX, 3[paBOOXPAHEHHE.
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