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2 Clarivate
Analytics

«Central Asian Academic Research Centery LLP is pleased to announce that “News of NAS
RK. Series of Geology and Technical sciences” scientific journal has been accepted for
indexing in the Emerging Sources Citation Index, a new edition of Web of Science. Content
in this index is under consideration by Clarivate Analytics to be accepted in the Science
Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities
Citation Index. The quality and depth of content Web of Science offers to researchers,
authors, publishers, and institutions sets it apart from other research databases. The
inclusion of News of NAS RK. Series of Geology and Technical Sciences in the Emerging
Sources Citation Index demonstrates our dedication to providing the most relevant and
influential content of geology and engineering sciences to our community.

«Opmanvix Asusn axademusnvik vinvimu opmanvizely KIIC «KP ¥FA Xabaprapoi.
Teonocus oicone MeEXHUKANLIK bLILIMOAP Cepusicbly 2bliviMu dcypranvinvily Web of
Science-miny scanananean nyckacet Emerging Sources Citation Index-me unoexcmenyee
Kabvli0aneanvin  xabapnaiovl. byn unoexcmeny oapwiceinoa Clarivate Analytics
KOMRAHUusACul Jcyprandvl odan api the Science Citation Index Expanded, the Social
Sciences Citation Index ocone the Arts & Humanities Citation Index-xe kabwiioay
Mmacenecin Kapacmuipyoa. Web of Science zepmmeywinep, asémopnap, 6acnawiviiap
MeH MeKemenepee KOHmeHm mepenoiei men canacwin Ycvinaovl. KP ¥YFA Xabapnapeo.
Teonocus scone mexuuxanvix eviavimoap cepuscol Emerging Sources Citation Index-xe
enyl 0i30iH KO2amOacmulK YWiH eH 63eKmi dcane 0edendi 2eon02usi JHeaHe MexXHUKAIbIK
EbLIBIMOAP OOULIHUWA KOHMEHMKe a0anoblblmbi30bl 0i10Ipeoi.

TOO «llenmpanvro-a3uamckutl akadeMuuecKull HAy4Hulil yeHmpy coodwjaem, umo
nayunoii oicypuan “Useecmuss HAH PK. Cepusi ceonocuu u mexuuueckux Hayk» Obll
npunam oas unoexcuposanusi 6 Emerging Sources Citation Index, obnosnennou
sepcuu Web of Science. Cooepoicanue 6 3mom UHOEKCUPOBAHUU HAXOOUMCS 8 CMAOUU
paccmompenusi komnanueti Clarivate Analytics ons oanvhetiwezo npuHAMUS JICYPHANA
6 the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts &
Humanities Citation Index. Web of Science npednazaem kauecmso u enyouny Konmenma ot
uccredosamenetl, agmopos, uzoameneli u yupesicoenuil. Brmouenue Hzeecmus HAH PK.
Cepus ceonozuu u mexnuyeckux nayk ¢ Emerging Sources Citation Index oemoncmpupyem
HAWLy npuepIHCeHHOCMb K Haubonee akmyaibHOMY U 6IUSMETIbHOMY KOHMEHMY N0 2e0N02UU
U MEXHUYECKUM HAYKAM OJisl Haue20 coobuecmsa.
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Abstract. The development of industrial production leads to environmental
pollution, and pollution is carried out intensively, especially in cities where
industrial enterprises are located. Intensive pollution of the main components of
the environment with harmful substances, including heavy metals, has led to the
formation of a biogeochemical region in many regions of Kazakhstan, characterized
by excessive accumulation of pollutants. In this regard, research on assessing the
health status of the population living in an ecologically unfavorable region is
becoming the most urgent problem today. Hazardous to public health and even
longer side effects of waste by polluting atmospheric air, soil, groundwater, open
water bodies, agricultural products of plant and animal origin are demonstrated.
The list of chemicals, compounds found in industrial waste is quite large. They
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depend mainly on the raw materials used, the technology used, the order of
production, among others. There is practically no state waste management system
in the Republic of Kazakhstan, which includes monitoring, storage, processing and
disposal of industrial and household waste. More than 20 billion tons of production
and consumption waste, including 6.7 billion tons of toxic waste, have accumulated
on the territory of Kazakhstan. As a result, soil, underground and surface waters in
many regions have been heavily polluted by industrial waste.
Keywords: Atmosphere, diagram, map, air, hydrometeorology, residue
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AHHoTanmmus. bynm Makanana eHepKICINTIK eHIIPICTIH JaMybl KopIlaraH
OPTaHBIH JIACTAHYBIHA OKEJIIM COKTBIPATHIHBI, 9CIPECEe OHEPKACIMTIK KOCIMOPBIHAAP
OpHaNacKaH Kajanapjia JacTaHy KapKbIHJbI KY3€re achIPbUIATHIHBI aHBIKTAJIFaH.
Kopmaran opraHbIH HEri3ri KOMIIOHEHTTEPiH 3USHIBI 3aTTapMEH, OHBIH IIIiHJE
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ayslp MeTaiJapMeH KapKbIHABI jactay Ka3zakcTaHHBIH KOINTEreH OHipIepiHIe
JIACTAFBIIITAPIBIH aPTHIK KUHAKTAIYBIMEH CHIIATTANAThIH OHMOT€OXUMUSIIBIK
OOJIBICBIHBIH ~ KajblliTacyblHa okeyai. OcbhlFaH OalIaHBICTBI, SKOJIOTHSUIBIK
KOJIalChI3 aliMaKTa TYpaThIH XaJIBIKTBIH JCHCAYIIBIK JKaF[aiibiH Oarajiay OOMbIHINA
3epTTeyyiep OYTIHTI KYHI €H ©3€KTI Mocelle OONBII OTHIp. ATMOCGhepablK
ayaHbl, TOTIBIPAKTHI, KEP aCThl CYJIapbIH, alllbIK Cy alIBIHAAPBIH, OCIMIIK JKOHE
JKaHyap TEKTi aybUl MIapyallbUIBIFBI OHIMJEPIH JlacTay apKbLIbl KaJJbIKTap/IbIH
XaJIBIKTBIH JICHCAYJIIFbIHA KAYIITi XKOHE YaKbIT OOWBIHINA OJ]aH Jla y3aK *KaHaMa
ocepi kepcerineni. KanapKTapAblH KayinTiniri onapAblH KypamblHAa OapIibiK
yir ¢akrop OO0Jybl MYMKIH: XHMHUSJIBIK, OHOJIOTHUSJIBIK KOHE (DHU3UKAJIBIK,
ojlap ajaM JIeHCAYJIBIFBIHA 3USHIBI OCep eTemi. OHEPKOCINTIK KaJIbIKTapaa
Ke3/IeCeTiH XMMHUSJIBIK 3aTTaplblH, KOCBUIBICTApABIH Ti3iMi eTe ker. Omap
OHEPKICINTe CHUHTE3/CINETIH JKOHE OHJICNETIH, OHAIPUIreH Mmaliansl Kazoanapaa
KEe3JIECETiH JKOHE ajbIHFaH eHiMJIepiae OonaThlH OapiblK HOpce OOMybl MYMKIH.
Kanapikrapiarbl XUMUSUIBIK — 3aTTapiblH ~KOHIICHTPAIUSICHl OHHAH, JKY3J/ICH,
MBIHBIHIIIBI MHJUIMTpaMMHaH 1 kr-fa 1 TOHHA HEMece OJlaH Ja Kell OHJaraH
KWJIOTpaMFa Jeiin e3repyi MyMKiH. Ollap HeETi3iHEH KOJIAaHBUIATHIH ITHKi3aTKa,
KOJIJITAaHBIJIATHIH TEXHOJIOTHSFA, OHIIpic TOPTiOiHE KoHe OacKaapra OailIaHBICTHI.
Kazakcran PecnyOnmkachlHAa ©OHEPKACINTIK KOHE TYPMBICTBHIK KaJIBIKTapIbl
MOHHMTOPUHITEY/II, CaKTay/bl, KalTa OHJCY/I JKOHE KOJIEre jKapary/ibl KaMTUTHIH
KaJIZIBIKTAPMEH JKYMBIC ICTEY/IIH MEMJICKETTIK JKYHecl iC Ky3iHAe KeMJe-KeM.
Kazakcran aymarbinaa 20 MuuiMapi TOHHAJaH acTaM OHJIPIC JKOHE TYTHIHY
KaJABIKTaphl, OHBIH imIiHAe 6,7 MIIIHAp/A TOHHA YIIbl KAJIIBIKTap KUHAKTAIFAH.
Hortmxkecinae kenTereH aiiMakTapAarbl TONBIPAK, KeP aCThI JKSHE Kep YCTi CyIapsl
OHEPKICINTIK KaJIIBIKTApMEH KaTThl JACTaHyFa YIITbIPaFaHAbIFbl AHBIKTAJFaH.
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AHHoOTanus. Pa3BuTue TNPOMBIIIJIEHHOTO TPOU3BOACTBA MPHUBOAUT K
3arpsi3HEHHUI0 OKpY)Kalollel cpeabl, 0COOCHHO B TOpOAAx, IJIE€ PacloiOKEHBI
MPOMBILUICHHBIE MPEANPHUITHS W WHTEHCHBHO OCYLIECTBISIETCS  BBIOpOC
3arpsI3HAIOMIMX BellecTB. MHTEHCHBHOE 3arpsi3HEHHE OCHOBHBIX KOMIIOHEHTOB
OKpY’Karolle cpeapl BPEAHBIMU BELIECTBAMM, BKJIIOUas TKENbIE MeETalIbl,
NpUBeNO K 00pa3oBaHHIO OWOTCOXUMHYECKUX 30H, XapaKTepHU3YIOLIUXCS
M30BITOUHBIM HAKOIJICHHEM 3arps3HSIOIIMX BEHIECTB BO MHOTHMX pErHOHaX
Kazaxcrana. B 3Toil cBsi3M wHccienoBaHHA 1O OIEHKE COCTOSHHUS 3/10POBBS
HaCeJIeHHMs1, TPOKUBAIOMIETO B KOJIOTUYECKH HEOIaronoyyHbIX 30Hax, SBISIFOTCS
KpaifHe aKTyaJbHBIMU. 3arpsi3HEHHE aTMOC(EpHOTO BO3IyXa, MOYBBI, IPYHTOBBIX
BOJI, OTKpPBITBIX BOMOEMOB, a TaKKe€ CEJIbCKOXO3SHUCTBEHHON MNpOAyKIHUU
PacCTUTEIBHOTO U KUBOTHOTO NMPOUCXOXKACHUS OKa3bIBAET ONACHOE U JJUTEIBHOE
MoOOYHOE BO3ACHCTBHE Ha 370poBbe HaceneHWs. CHHCOK XUMHYECKUX
BEUIECTB M COEAMHEHUI, co/epKallluXxcs B NMPOMBIIUIEHHBIX OTX0JaX, BeChbMa
obmupeH. OHM MOTYT BKJIIOYaTh BCE, UTO CHHTE3UPYETCs U mepepadarbiBaeTcst
B TIPOMBIIIICHHOCTH, COJACPIKUTCS B JOOBIBAEMBIX TIOJNIE3HBIX HCKOMNAGMBIX U
oOpasyercsi B TOTOBOHW MponyKuuu. KOHIEHTpamus XUMHUYECKHX BEIECTB B
OTXOAaX BapbHUPYETCS OT AECATBIX, COTBIX, THICSYHBIX JIOJIeM MWIIMTpaMMa Ha
1 Kr 10 AecATKOB KujorpaMMoB Ha 1 ToHHy u Oosee. VX coaepikaHue 3aBHCUT OT
HCTIOJIb3yEMOTO CBIPbS, TPUMEHSEMBIX TEXHOIOTHH, 0COOEHHOCTEH MPOU3BOACTBA
u psna apyrux ¢daktopoB. B PecnyOnmke Kazaxcran mpakTHYecKH OTCYTCTBYET
roCyJlapCTBEHHasl CUCTeMa OOpalleHHsI ¢ OTXOJaMH, BKIIOUAIOIIash MOHUTOPHHT,
XpaHeHue, MepepaboTKy W YTHIU3AIMIO MPOMBIIUICHHBIX U OBITOBBIX OTXOJOB.
Ha teppuropun ctpanbsl HakorieHo Oosee 20 MJIpA TOHH OTXOAOB NMPOU3BOICTBA
U moTpebieHusi, B TOM yucie 6,7 MApA TOHH TOKCUYHBIX OTXOIOB. B pesynbrare
MTOYBBI, TPYHTOBBIE U TIOBEPXHOCTHBIE BOJIBI BO MHOTHUX PETHOHAX IOJIBEPTatoTCs
3HAYUTEIBHOMY 3arps3HEHUIO TPOMBIIIIEHHBIMU OTXOJaMH.

KioueBble ciaoBa: armocdepa, kapra, BO3AYX, THAPOMETECOPOJIOTHS,
MIPOMBILIEHHBIE OTXO/IbI, 3aTPSA3HEHNE
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Introduction. To assess the impact of pollution sources on the environment, we
first present a diagram illustrating the dispersion of harmful substances released
into the atmosphere from a single pollution source. It is essential to determine the
distance over which these harmful substances disperse until their concentrations
reach the maximum permissible levels in the atmospheric air. Additionally, an
analysis of the hydro meteorological conditions and the influence of local terrain
on dispersion patterns at the same distance is required. This study also evaluates
the extent to which emissions of the same harmful substances from neighboring
industrial facilities contribute to the overall concentration levels in the atmosphere.

The radius of distribution of harmful substances, as depicted in the dispersion
diagram, is determined by multiple factors, including the characteristics of the
pollution source, hydro meteorological conditions, and terrain features (Bitmanov
et al, 2022:1). Wind direction and speed play a crucial role in the dispersion of
harmful substances released into the atmosphere from pollution sources. Wind speed
significantly influences atmospheric pollution levels, as adverse meteorological
conditions can lead to sharp increases in contamination. When wind speed is
minimal, a phenomenon known as environmentally hazardous wind occurs. This
type of wind prevents the vertical dispersion of pollutants, instead forcing them
to remain near the surface, leading to high concentrations of heavy metals in
both the atmosphere and soil of the affected region. However, the threshold for
environmentally hazardous wind varies depending on the characteristics of each
pollution source.

In general, when wind speed exceeds 2 m/sec, pollutants released into the air
mix with a larger atmospheric layer and dissipate, reducing their concentration to
within maximum permissible concentrations (MPC). It is important to note that
wind speed influences the dispersion of pollutants from point sources, whereas
large, unstructured pollution sources—such as slag waste storage facilities at
metallurgical plants—behave differently. Due to the fine dispersion and low
temperature of the waste, low wind speeds (environmentally hazardous winds) do not
significantly affect their dispersion in the atmosphere (Solomentseva et al, 2022:2).
At very low wind speeds, fine particulate matter rises to high altitudes, where it
can travel long distances before settling. Conversely, larger particles remain closer
to the ground, leading to localized pollution with high concentrations of residue.
Therefore, higher wind speeds are essential for the effective dispersion of slag
residues over long distances, preventing the accumulation of heavy pollutants in
the immediate vicinity of pollution sources. The expansion of industrial production
has significantly contributed to environmental pollution, particularly in urban areas
with a high concentration of industrial enterprises. Intensive contamination of key
environmental components—such as air, soil, and water—by hazardous substances,
including heavy metals, has led to the formation of biogeochemical zones in several
regions of Kazakhstan. These areas are characterized by an excessive accumulation
of pollutants, posing serious risks to ecosystems and human health. Given these
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challenges, research aimed at assessing the health status of populations residing in
ecologically unfavorable regions has become an urgent scientific and public health
priority.

The hazardous effects of industrial waste on public health, along with its long-
term environmental consequences, are evident in the contamination of atmospheric
air, soil, groundwater, surface water bodies, and agricultural products of both plant
and animal origin (Ikramov et al, 2023:3). The primary concern is that industrial
waste may contain a combination of chemical, biological, and physical pollutants,
each of which poses significant risks to human health. The composition of industrial
waste is highly diverse, encompassing a wide range of chemicals and compounds.
These substances may originate from industrial synthesis and processing, be present
in extracted minerals, or accumulate in manufactured products. The concentration
of chemicals in waste can vary considerably—from trace amounts in milligrams per
kilogram to several kilograms per ton or more. The specific chemical composition
depends on multiple factors, including the raw materials used, technological
processes, and production methods. A critical issue in the Republic of Kazakhstan
is the absence of a comprehensive state waste management system that would
enable the monitoring, storage, processing, and disposal of both industrial and
household waste. The lack of such a system exacerbates the environmental and
health risks associated with uncontrolled waste accumulation. More than 20
billion tons of industrial and household waste, including 6.7 billion tons of toxic
waste, have accumulated across the territory of Kazakhstan. As a result, extensive
contamination of soil, groundwater, and surface water bodies has been documented
in multiple regions, posing significant environmental and public health risks.

The relationship between environmental conditions and public health in the
Republic of Kazakhstan is becoming increasingly urgent each year. Environmental
pollution and its impact on human health are closely correlated, as indicated by data
on morbidity rates, pollutant emissions from stationary sources, the discharge of
contaminated wastewater into water bodies, the accumulation of toxic waste, and
public access to safe drinking water. According to environmental monitoring data,
pollution levels in many cities within the monitoring network continue to exceed
sanitary and hygienic standards. In 2017, the highest levels of air pollution (Air
Pollution Index, Ali) were recorded in Almaty (Ali = 12.6), Shymkent (Ali = 11.2),
Aktobe (Ali =9.5), Ust-Kamenogorsk (Ali = 7.2), Temirtau (Ali = 8.6), and Ridder
(Ali =9.0). High pollution levels in Ust-Kamenogorsk, Shymkent, Aktobe, Ridder,
and Temirtau were primarily attributed to emissions from non-ferrous and ferrous
metallurgy enterprises, while unfavorable climatic conditions in Almaty exacerbated
pollution dispersion. The quality of drinking water also remains a serious concern,
particularly in Astana, Kyzylorda, and Turkestan regions. In Kyzylorda region,
the proportion of non-compliant water samples reached 5.1% for sanitary and
chemical parameters and 5.3% for microbiological indicators. For decentralized
water sources, these figures were 23.4% and 6.5%, respectively. Between the first

142



ISSN 2224-5278 4.2025

half of 2018 and 2023, reports have documented an increasing incidence of socially
significant diseases with confirmed diagnoses, further highlighting the urgent need
for environmental and public health interventions.

Materials and methods of research. In the general morbidity structure
of the adult population in the studied settlements, respiratory diseases are the
most prevalent. Since 2020, there has been a sharp increase in the incidence of
pneumonia, bronchitis, vasomotor, and allergic rhinitis among adults, with allergic
rhinitis continuing to rise in subsequent years. This trend has been linked to high
levels of environmental pollution, particularly contamination with lead and other
heavy metal compounds.

In highly polluted areas, such as the Kazygurt microdistrict, the incidence of
pneumonia in children was recorded 1.9 times higher from 2018 to 2020 compared
to a relatively favorable area (Kaitpas microdistrict). Since 2020, the incidence
of pneumonia in children under 14 years of age in the Kazygurt microdistrict has
increased sharply. By 2021, 183 cases of pneumonia in children were registered in
Kazygurt, which was 1.9 times higher than in Kaitpas. Although a slight decline in
pneumonia cases has been observed since 2021, morbidity rates in 2023 still remain
1.6 times higher than in the less polluted area.

A similar trend is seen in adult pneumonia cases. In 2021, a 20-fold increase
in incidence was observed in Kazygurt. While there was a gradual decline in
the following years, pneumonia incidence rates remained significantly elevated
compared to Indomitable microdistrict, being 8.5 times higher in 2022 and 7.6
times higher in 2023, as illustrated in Figures 1 and 2.

When analyzing the frequency of various respiratory diseases, it is important
to highlight the high prevalence of chronic bronchitis, which remains the leading
condition among respiratory illnesses.
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Figure 1- Relative incidence of pneumonia

Children’s bodies are more vulnerable to environmental factors compared to

143



ISSN 2224-5278

4.2025

the adult population. In the overall structure of respiratory diseases among children
under 14 years of age, the incidence of bronchitis in the contaminated area showed
a sharp increase in 2021—rising 11 times compared to the previous year and 14
times higher than in the less polluted area.
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Figure 2 — Relative incidence of pneumonia in adults in the studied areas per 100,000 people

The highest incidence of bronchitis in adults in the Kazygurt microdistrict was
recorded in 2021, with 1,977 cases. This figure was 24 times higher than in the
Kaitpas microdistrict. Although a downward trend has been observed in subsequent
years, morbidity rates remain significantly elevated, as shown in Figures 3 and 4.
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Figure 3 — Relative incidence of bronchitis in adults in the studied areas per 100,000 people
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Figure 4 — Relative incidence of bronchitis in children’s in the studied areas

Over the past six years, among respiratory diseases, ENT disorders, particularly
vasomotor and allergic rhinitis, have been the most prevalent. The relative incidence
of vasomotor and allergic rhinitis in children in the studied areas has shown a
steady increase from 2018 to 2020. In 2019, 295 children were diagnosed with the
disease in residential areas surrounding the lead plant, while by 2021, the number
of affected children had risen to 748. In contrast, in the less polluted area, no cases
of the disease were recorded in the same year. By 2023, the number of registered
cases among children is expected to reach 945.

In the general control area, the lowest incidence rates have been observed in
adults over the past six years. Furthermore, starting in 2021, as shown in Figures 5
and 6, incidence rates in both children and adults have declined to zero.
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Figure 5 — Relative incidence of vasomotor and allergic rhinitis in adults in the studied areas per

100,000 people

145



ISSN 2224-5278 4.2025

4500
4000 —t

3000

2500

2000 ~
/

1500

1000
g
500

0 ' .\1__"".““'——1 ' = ' =

2018 2019 2020 2021 2022 2023

*»
-»

—+—Kazyqurt —a—Kaitpas

Figure 6 — Relative incidence of vasomotor and allergic rhinitis in adults in the studied areas per
100,000 people

When analyzing the dispersion of harmful substances in the surface layer of the
atmosphere, the maximum distance of slag dust propagation is determined based
on wind speed and the maximum permissible concentration (MPC). The highest
recorded lead aerosol concentration reaches Sfgti = 0.21 mg/m?. The impact of
environmental pollution on the socio-economic situation and public health is
significant (Sadykov, et al, 2020:4). One of the key principles of waste-free
technology is the recovery of valuable components during processing. For instance,
the production of glass, cement, clinker, ceramic tiles, aggloporite, and other
construction materials involves heating raw materials to 1200-1400°C. At these
temperatures, many metals can sublimate in the form of oxides or chlorides. This
process requires the selection of appropriate charge additives and the installation
of sublimation control devices. Electricity generation from solid fuel combustion
remains one of the primary energy sources (Cerny et al, 2017:5).

TPP ash

Waste from coal mining and enrichment

Waste from the pulp and paper industry

Peeled rocks of phosphorite ores

Waste from aluminum production

Research on the synthesis of ash and slag for lightweight concrete has been
conducted through sintering processes, which result in the formation of porous
materials.

In 1937-1938, S. D. Toporkov conducted pioneering studies in this field. Later,
between 1948 and 1951, a group of scientists confirmed the feasibility of producing
artificial porous aggregates using thermal power plant ash (Bukunova et al, 2003:6).
Numerous studies have demonstrated the extraction of aggloporite from various
types of industrial waste:

In 1980, the technology for producing aggloporite from the ash of the Moldavian
State District Power Plant was tested at the Dniester plant. The process utilized a
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condensed suspension with an ash content of 50-60%, with clay schlicker added as
a binder. The proportion of clay added was 5-7% of dry ash, along with aluminum
slurry. During the sintering process, a porous structure is formed due to moisture
evaporation, fuel and organic matter combustion, contact synthesis of individual
charge grains, and expansion caused by gas release pressure. The rapid temperature
rise in the aggloporitized layer and the short duration at peak temperature further
contribute to the formation of a porous aggloporite structure.

L.I. Popov and other researchers determined that the sintering process speed and
the quality of the final aggregate depend on both the raw material properties and
the preparation and sintering conditions. The most critical factors influencing the
process include:

Gas permeability of the layer

Grain composition

Moisture content of the charge

Density of individual granules

Type, quality, and quantity of fuel

Vacuum pressure under the sintering mesh

Results.

The technology and quality parameters of aggloporite production using waste
from the lead-zinc concentrator are detailed in the research of R. F. Zabelin.

Characterized by a relatively high alumina content, a high melting point (above
1600°C), and the absence of self-formation during heating, coal concentrator waste
serves as an excellent raw material for the production of aggloporite for refractory
and acid-resistant concretes. The technical and economic feasibility of aggloporite
production from the waste of Donetsk, Kuznetsk, Karaganda, and Ekibastuz coal
concentrators, as well as other basins, has been well established (Bukunova et al,
2006:7). The industrial-scale extraction of porous aggregates from coal enrichment
waste is actively practiced in many countries, including the United Kingdom,
Belgium, the United States, and Australia.

The use of porous aggregates in large-scale construction offers several key
advantages:

Reduction in the total mass of buildings and structures under construction.

Increased structural dimensions due to a lower average concrete density.

Lower transportation and installation costs for structural components.

Enhanced thermal insulation properties of the final structures.

At present, a significant amount of natural raw materials and fuel is consumed
for the production of artificial porous aggregates. However, technological
studies conducted both domestically and internationally have demonstrated that
industrial waste from various sectors can be effectively utilized in the production
of artificial porous aggregates. In the production of porous aggregates, sintering
annealing is the most effective method. This process allows for greater flexibility
in the chemical composition of industrial waste suitable for aggregate production,
ensures high heating unit productivity, and creates the necessary conditions for
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full mechanization and automation of the entire production cycle. A key advantage
of layer annealing in processing waste and producing porous fillers is the small
aggregate size. When using a rotary tube furnace, twice as much liquid fuel is
consumed compared to layer annealing, making the dust emissions of a layer-
annealing unit 30 times lower than those of a rotary furnace. The layered flow
annealing process, which involves pumping air through a layer of granules placed
on an annealing mesh, significantly improves production efficiency. This method
allows for a yield of up to 1000 kg/m?, whereas a rotary kiln achieves only 40
kg/m? per hour. Another major advantage of sintering technology in industrial
waste processing is its low thermal inertia. This enables the production of hollow
aggregates within 20-30 minutes after combustion, whereas a rotary kiln requires
2-3 hours to achieve the same result. Additionally, air pollution levels from carbon
monoxide, nitrogen dioxide, and sulfuric anhydride during layer firing remain
within maximum permissible concentrations (MPC). This is because these gases
are diluted with a large volume of air during combustion. In contrast, during the
release of finished products, a rotary kiln emits up to 120 kg of dust per cubic meter,
whereas layer firing of raw materials releases no more than 10 kg of dust per cubic
meter (Lukashev et al, 1998:8).

In Kazakhstan, there is currently no alternative processing of granulated slags
from non-ferrous metallurgy for use in building materials. This area presents a
highly promising and environmentally sustainable solution, as it addresses the issue
comprehensively.

Research conducted by K. B. Beskempirova has revealed that the concentration
of various toxic substances in the human body often exceeds permissible limits.
This indicates a state of chronic poisoning, though it may not always present clinical
symptoms. For example, in the East Kazakhstan region, approximately 700,000
people—more than 70% of the population— are affected by chronic exposure to
toxic substances. Although many heavy metals are essential for life, they can also
exert significant negative effects on all living organisms, including plants, animals,
and microorganisms (Starodumanov, et al, 1999:9).

Research conducted by M.U. Anartaeva on the hygienic working conditions
of employees in the Shymkent lead industry has revealed significant occupational
and environmental health risks. Despite the implementation of new technological
processes, automation, and modern protective equipment, the concentration of
industrial dustand harmful substances exceeds maximum permissible concentrations
(MPC) by 21 times. This excessive pollution is observed not only within the work
environment but also within a 1,500-meter radius outside the plant. Additionally,
among women working in lead production, the prevalence of gynecological
diseases is 5.35 times higher than in the control group, while the incidence of
tumor diseases is 1.5 times higher. Moreover, as work experience increases, the
incidence of tumor diseases rises sixfold. For girls born to mothers who worked at
EKZ during pregnancy, the health index is recorded at 10.0%, which is 5.4 times
lower than the control group (54.0%).
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P. E. Kalmenova’s research has further highlighted the health impact of lead
pollution on children. The incidence of pneumonia in children living near the lead
plant is 3.5 times higher than in an ecologically clean area. In Shymkent, childhood
pneumonia rates have shown a steady increase each year. Between 2018 and 2021,
the incidence of pneumonia in children doubled, reaching 37.5 cases per 1,000
children (McConnell, Doveze et al, 1999:10,11).

An analysis of public health in the Republic of Kazakhstan indicates that
health indicators lag significantly behind those of most industrialized countries.
Achieving a high standard of public health is closely linked to environmental
protection, improved working conditions, and enhanced living standards. One of
the key priorities for improving public health in Kazakhstan is the implementation
of national policies focused on the prevention of infectious diseases. This includes
protecting and strengthening public health, eliminating risk factors, and addressing
environmental contributors to morbidity, mortality, and injuries (Chalkley et al,
1998:12).

In recent years, water bodies, particularly rivers, have experienced severe
pollution due to intensive human activities. This includes the discharge of industrial,
agricultural, and domestic wastewater into surface waters, as well as the emission
of coal, petroleum products, and other pollutants into the atmosphere. Wastewater
containing metal ions that enter natural water bodies disrupt oxygen balance, harm
aquatic ecosystems, and pose serious risks to human health. Among the most toxic
metals found in contaminated waters are mercury (Hg), cadmium (Cd), arsenic
(As), lead (Pb), and radionuclides, all of which have detrimental effects on both the
environment and human health (Nosova et al, 1983:13).

The high variability in the composition of pollutants and the intermittent
nature of contamination from man-made sources often make it difficult to fully
characterize long-term pollution trends over a year or decade. The quality of water
and the ecological state of water bodies are primarily assessed based on metal
concentrations. Notably, heavy metal concentrations in bottom sediments are
significantly higher than in the water column and are less affected by fluctuations
in wastewater discharge. Consequently, the presence of heavy metals in sediments
at the bottom of reservoirs and watercourses serves as one of the most objective
indicators of a water body’s pollution level and self-purification capacity, as
influenced by hydrophysical, geochemical, and biological processes (Landrigan et
al, 1991:14).

However, bottom sediments in reservoirs have now ceased to function as
natural self-purification agents for aquatic ecosystems. This is due to the depletion
of ecological reserves that once facilitated water self-purification, as well as the
saturation of bottom sediments with pollutants, reaching their environmental
capacity limit. Additionally, heavy metals have a high probability of secondary
precipitation from bottom sediments, particularly when physicochemical and
hydrodynamic conditions of the aquatic environment change. These processes are
mainly confined to areas of active silt accumulation.
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Currently, several research initiatives are being conducted to improve the
ecological state of natural waters and mitigate pollution impacts.

Discussion. According to UNESCO, approximately 320 million tons of river
water are transported to the sea annually. This water carries over a ton of iron and
2.3 million tons of lead. Industrial wastewater further intensifies contamination,
contributing twice the natural amount of mercury, 12—13 times the amount of
lead, copper, and zinc, and 30 times the amount of antimony to river ecosystems.
The total inflow of heavy metals into the northeastern Atlantic from industrial
and agricultural wastewater reaches 9,096 million tons per year (Makashev et al,
1976:15).

Inurban environments, heavy metals in street dust are among the most significant
sources of pollutants. This urban dust originates from industrial activity, road traffic,
building erosion, and fossil fuel combustion (Mohammadi et al, 2023:16).

Heavy metals pose serious health risks:

Lead (Pb): Affects the central and peripheral nervous system, circulatory system,
and kidneys.

Copper (Cu): Causes liver damage.

Cadmium (Cd): Chronic exposure increases the risk of lung cancer and kidney
damage.

Mercury (Hg): Can lead to brain damage (Brindhadevi, et al, 2023:17).

The chemical composition of underground waters in the Karazhyra Coal
Field (East Kazakhstan region) was analyzed, revealing that the concentrations
of strontium, arsenic, titanium, cadmium, manganese, lead, and iron exceed the
maximum permissible concentrations (MPC) for underground water by 2 to 16
times. The authors also investigated lead concentrations in the soil across various
districts of Shymkent and analyzed the presence of heavy metals in the Badam
River water (Snopkova, et al, 1985:18).

The contamination of river basins with heavy metals is a global environmental
concern, as these pollutants are transported through river systems, posing
significant toxicity risks to aquatic ecosystems (Liu et al, 2023:19). In the Republic
of Kazakhstan, there is almost no comprehensive state waste management system
that includes the monitoring, storage, processing, and disposal of industrial and
household waste. Across the country, more than 20 billion tons of production and
consumption waste, including 6.7 billion tons of toxic waste, have accumulated.
This situation is primarily due to the use of outdated technologies, low-quality raw
materials and fuel, and the reluctance of enterprises to invest in waste disposal and
reclamation.

Industrial waste, including toxic waste, continues to be stored in various waste
facilities without adherence to environmental norms and regulations. As a result,
soil, groundwater, and surface water in many regions are experiencing severe
contamination. The constant increase in the volume of stored waste has led to the
formation of new man-made landscapes. As the height of mounds and tailing piles
increases, they become more significant sources of dust pollution, exacerbating
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environmental hazards. Due to the low concentration of valuable components in
deposits, the production of non-ferrous metals generates significant amounts of
industrial waste. These waste materials, accumulated in various types of landfills,
occupy large areas and contribute to environmental pollution.

One of the key strategies for the sustainable use of mineral resources and
natural resource conservation is the development of advanced technologies for
comprehensive waste processing. This includes the implementation of low-
waste and waste-free technologies, as well as the utilization of low-grade ores,
beneficiation waste, and metallurgical solid waste as raw materials for industrial
processing. However, the utilization of waste from this industry in Kazakhstan
remains at a low level.

In 2021, the highest levels of atmospheric air pollution within the plant’s territory
were recorded in the southwest direction, where the concentration of lead aerosols
exceeded the maximum permissible concentration (MPC) of 0.0003 mg/m? by 29.7
times. In other directions, the exceedance was as follows:

Northeast direction: 9.7 times

Southeast direction: 2.7 times

Central region: 10.3 times

The average annual concentration of lead aerosol in the atmospheric air within
the plant’s territory ranged between 0.002 and 0.0074 mg/m?. The highest annual
average concentration was observed in the southwestern part of the plant’s territory,
reaching 0.0074 mg/m? while the lowest concentration was recorded in the
southeastern part, at 0.0008 mg/m®.

Conclusion

Over the past six years, ENT diseases have remained the most prevalent
respiratory conditions, particularly vasomotor and allergic rhinitis. The relative
incidence of these conditions among children in the studied areas has shown a
steady increase from 2018 to 2020. In 2019, a total of 295 children living near the
lead plant were diagnosed with these diseases. By 2021, the number of affected
children had risen to 748, whereas in the unpolluted area, no cases were recorded
in that year. By 2023, the number of registered cases is projected to reach 945.
Additionally, in the general control area, the lowest incidence rates of these diseases
among adults were consistently observed over the six-year period.
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