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Аннотация: Приведены исследования по накоплению отходов промышленности, в част-
ности горно-металлургической. Проблемы и вызовы накопления и переработки отходов 
горно-металлургической промышленности. Приведена характеристика отвалов меде-
плавильного шлака по данным Комитета статистики за 2023 г. Изучен состав отвалов 
шлака, рассмотрено влияние отвалов шлака на окружающую среду. Изучен химический 
состав отвалов шлака Балхашского медеплавильного завода и рассмотрены связанные 
с ними экологические риски. Рассмотрено негативное антропогенное влияние отвалов 
шлака на атмосферу, почвы, водоемы. Проведённые исследования позволили разработать 
комплекс природоохранных мероприятий, направленных на минимизацию негативного 
влияния шлакоотвалов на окружающую среду. В ходе работы были определены приори-
тетные направления по снижению антропогенной нагрузки от накопленных горно-метал-
лургических отходов. Выявленные данные свидетельствуют о необходимости перехода 
к комплексной системе управления шлаковыми отвалами, сочетающей современные ме-
тоды переработки с принципами устойчивого развития. Особое значение приобретает 
создание замкнутых технологических циклов, позволяющих минимизировать экологи-
ческий ущерб при максимальном ресурсосбережении.
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Introduction
Kazakhstan, occupying the 9th place 

in the world in terms of territory and pos-
sessing enormous reserves of mineral 
resources [1—3], faces serious environ-
mental challenges associated with the 
formation and accumulation of industrial 
waste from a number of industries, such 
as mining [4—6], metallurgy [7—9], en-
ergy [10—12], chemical [13—15], con-
struction [16—18], etc. According to of-
ficial data from the Ministry of Ecology, 

Geology and Natural Resources of the 
Republic of Kazakhstan (MEGNR RK), 
as of 2023, according to the State of the 
Environment report, the total amount of 
accumulated industrial waste in the coun-
try exceeded 35  billion tons, which is 
about 15% of all waste generated over the 
entire period of industrial development 
of the state. The dynamics of waste accu-
mulation in Kazakhstan for 2010—2023 
according to the MPR RK is presented in 
Table 1.

Abstract: This article presents research on the accumulation of industrial waste, in particular 
mining and metallurgical waste. Problems and challenges of accumulation and processing of 
waste from the mining and metallurgical industry. The characteristics of copper smelting slag 
dumps according to the data of the Statistics Committee for 2023 are given. The composition 
of slag heaps has been studied, and the impact of slag heaps on the environment has been 
considered. The environmental risks associated with slag heaps have been studied and consid-
ered. The negative anthropogenic impact of slag dumps of the Balkhash copper smelter and its 
chemical composition on atmospheric pollution is considered. soils, reservoirs. The conducted 
research has made it possible to develop a set of environmental protection measures aimed at 
minimizing the negative impact of slag heaps on the environment. In the course of the work, 
priority areas were identified to reduce the anthropogenic load from accumulated mining and 
metallurgical waste. The revealed data indicate the need to switch to an integrated slag dump 
management system that combines modern processing methods with the principles of sustain-
able development. Of particular importance is the creation of closed technological cycles that 
minimize environmental damage while maximizing resource conservation.
Key words: waste from the mining and metallurgical sector, slag dump, heavy metals, environ-
mental impact, environmental protection and protection, technosphere safety.
For citation: Makhimova A. M., Kolesnikov A. S., Shapalov Sh. K., Ivakhniyuk G. K., Ab-
dreshov Sh. A. Analysis of the current state of the slag dumps in the mining and metallurgical 
sector of «Kazakhmys Corporation» LLP and its impact on the environment. MIAB. Mining Inf. 
Anal. Bull. 2026;(1):71-84. DOI: 10.25018/0236_1493_2026_1_0_71.

Table 1
Dynamics of waste accumulation in Kazakhstan 
Динамика накопления отходов в Казахстане

Years Total waste volume (billion tons) Share of industrial waste (%)
2010 25 88
2015 29 89
2020 32 91
2023 35 92
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Of particular concern is the structure of 
the waste generated, according to the state 
report "On the state of the Environment 
of the Republic of Kazakhstan" for 2022 
and the analysis of statistical data, which 
show that the vast majority — about 90% 
of the total volume — is accounted for by 
enterprises of the mining and metallurgi-
cal complex [19—21]. This disparity is 
explained by the specifics of Kazakhstan's 
economy, where mining and processing 
industries traditionally occupy a leading 
place in the industrial sector [22—24].

The main sources of industrial waste in 
Kazakhstan:

1. The mining and metallurgical com-
plex is the largest waste generator, includ-
ing:

•	 Tailing dumps of processing plants 
(about 500 million tons are formed annu-
ally); 

•	 Metallurgical slags (over 50 million 
tons per year); 

•	 Ash and slag waste (more than 
10 million tons annually); 

•	 Overburden and host rocks (up to 
1 billion tons per year).

The energy sector, where the main 
types of waste are:

•	 Ash and slag from thermal power 
plants (about 8 million tons per year); 

•	 Oil sludge (over 200  thousand tons 
annually); 

•	 Spent catalysts and adsorbents.
2. Chemical and petrochemical indus-

try, producing:
•	 Oil refining waste (over 1  million 

tons per year) 
•	 Phosphogypsum (about 3  million 

tons annually); 
•	 Waste from the production of min-

eral fertilizers; 
•	 Polymer waste and chemical rea-

gents.
It should be noted that the problem is 

aggravated by the uneven territorial dis-
tribution of waste. More than 60% of all 

industrial waste is concentrated in three 
regions: Karaganda, Pavlodar and East 
Kazakhstan regions, where the country's 
largest mining, metallurgical and energy 
enterprises are located.

The so-called "historical waste", accu- 
mulated over decades of industrial deve- 
lopment, is particularly dangerous. Accor- 
ding to experts, only 10—15% of the total 
waste is processed or disposed of, the rest 
accumulates in special landfills and stor-
age facilities, many of which do not meet 
modern environmental standards (Waste 
Management in Kazakhstan: Current Sta- 
tus and Challenges. World Bank Research, 
2020, Washington, pp. 67–72.) [25—26]. 

Thus, based on the above analysis, the 
purpose of these studies is the need to de-
velop a number of recommendations to re-
duce the anthropogenic environmental im-
pact of man-made waste from the mining 
and metallurgical industry and converter 
slag dumps of «Kazakhmys» LLP.

Results and discussion
The problem of industrial waste  
generation in the Republic of  
Kazakhstan and the Karaganda region
In the structure of industrial production 

in Kazakhstan, the Karaganda region oc-
cupies a special position, being not only 
the historical center of the country's in-
dustrial development, but also the main 
generator of industrial waste. According 
to Kazhydromet data for 2022, this region 
accounts for about 30% of the total vol-
ume of industrial waste generated in the 
Republic of Kazakhstan. This figure be-
comes even more significant when we con-
sider that with an area of only 428,000 km2 
(less than 16% of the country's territory), 
the region concentrates about 40% of the 
state's industrial potential.

One of the key waste-forming enter-
prises in the region is Kazakhmys LLP. 
Kazakhmys LLP is a leading copper pro-
ducer in the region, whose activities are 
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accompanied by the formation of waste 
slag from copper smelting, the accumulat-
ed volume of which today exceeds 32 mil-
lion tons.

The problem is compounded by the 
fact that a significant part of this waste 
(according to various estimates, from 60% 
to 75%) belongs to hazard classes III—IV, 
which requires special storage and dis-
posal conditions. Environmentalists are 
particularly concerned about:

•	 Open slag dumps exposed to wind 
erosion; 

•	 Pollution of groundwater and sur-
face waters; 

•	 Land degradation of industrial and 
adjacent areas.

According to the research of a team of 
scientists from Kazakhstani universities 
[27—29], the concentration of some heavy 
metals in the soils of the industrial zone 
exceeds the maximum permissible con-
centration by tens of times:

• Copper — up to 25 MPC;
• Lead — up to 18 MPC;
• Zinc — up to 12 MPC.
This situation requires immediate mea- 

sures to:
1. Introduction of waste recycling tech-

nologies;
2. Reclamation of disturbed lands;
3. Improvement of the environmental 

monitoring system.
Special attention should be paid to the 

development of a comprehensive program 
to reduce the environmental burden, in-
cluding both technical and organizational 
measures with the active participation of 
all stakeholders  — from industrial enter-
prises to local government agencies, scien-

tific and business communities. According 
to the Committee for Environmental Re- 
gulation of the Karaganda region, in par-
ticular, in the city of Balkhash in 2023, it 
amounted to 450 million tons. (Table 2).

The city of Balkhash occupies a spe-
cial place in the list of territories of Ka- 
zakhstan with the most difficult ecological 
situation. This status is due to the long-
term intensive activity of the two largest 
industrial facilities — the Balkhash Copper 
Plant (BCP) and the associated mining 
and processing plant. According to the en- 
vironmental monitoring data of the Repub- 
lic of Kazakhstan for 2023, the level of en-
vironmental pollution in this region is 4— 
7 times higher than the national average. 

The Balkhash Copper Plant, which is 
part of the Kazakhmys Corporation LLP, 
traces its history back to 1938. Over its 
almost century-long history, the company 
has become one of the key elements of the 
copper industry not only in Kazakhstan, 
but throughout Central Asia. The basis of 
the production process is the pyrometal-
lurgical processing of copper concentrates, 
which is accompanied by the formation of 
a significant number of by-products, in-
cluding slags.

The technological cycle of slag forma-
tion at the BCP is a complex multi-stage 
system:

1. Melting stage in reflective furnaces:
•	 Temperature range: 1200—1300 °C;
•	 Use of fluxes (silica sio₂, lime CaO);
•	 Process duration: 12—18 hours;
•	 Formation of primary slag melt.
2. Converting Matte:
•	 Oxidative treatment of the interme-

diate product;

Table 2
Volumes of metallurgical waste slags
Объемы отвальных металургических шлаков

Type of waste Volume (million tons) Main sources
Metallurgical slags 450 BCP, Kazakhmys
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•	 Separation into rough copper and se- 
condary slag;

•	 Process temperature: about 1250 °C.
3. The final stage:
•	 Slow cooling of slag;
•	 Transportation to the slag dumps;
•	 Warehousing with the formation of 

artificial man — made arrays.
The characteristics of the formed slags 

vary significantly depending on several 
key parameters:

1. Quality indicators of the raw mate- 
rials:

•	 The content of the useful component 
(copper) is from 0.8% to 2.5%;

•	 The concentration of sulfur (from 
15% to 25%);

•	 Iron impurities (up to 30%);
•	 The presence of related elements 

(lead, zinc).
2. Technological aspects of produc- 

tion:
•	 Metal extraction efficiency (85—

92%);
•	 Copper losses with slags (0.2—1.5% 

of total volume);
•	 Features of the fluxing additive;
•	 Heat treatment modes.
According to the research of the 

KazNII of Non-Ferrous Metallurgy of the 
Republic of Kazakhstan (2022), the an-
nual volume of slag formation at the BCP 

is about 380—450  thousand tons, while 
the accumulated mass of landfill slag ex-
ceeded 32 million tons. Based on the BCP 
environmental passport dated 2023, which 
states that the content of heavy metals in 
slags is a particular environmental prob-
lem: copper (0.2—1.5%), lead (0.1—0.5%) 
and zinc (0.5—2.0%), which creates a 
constant source of environmental pollu-
tion.

The current situation requires an inte-
grated approach to solving environmental 
problems, including both the moderniza-
tion of production processes and the intro-
duction of efficient industrial waste recy-
cling and disposal systems. The volumes 
of slag formation and accumulation for 
1970—2023 are shown in Table 3.

Based on Table 3 and the state report of 
the Ministry of Agriculture of the Republic 
of Kazakhstan, for 2023 there is a lack of a 
systematic approach to waste management 
in mining. The accumulation of landfill 
slag (32 million tons) and their annual in-
crease (380—450  thousand tons) demon-
strate the absence of closed cycles of use 
of the generated waste, This is a charac-
teristic problem of many mining and met-
allurgical enterprises, where landfills are 
considered as the end point of the waste 
life cycle, and not as a source of secondary 
raw materials.

Table 3
Dynamics of slag accumulation (1970—2023)
Динамика накопления шлаков (1970–2023 гг.)

Years Annual volume 
(thousand tons)

Accumulated volume 
(million tons)

Data source

1970 300 5,0 The BCP Archive (1971)

1990 450 15,2 State Report on the State of the Environment 
of the Republic of Kazakhstan (1991)

2000 480 20,1 Kazhydromet Report (2001)
2010 500 25,0 Kazakhmys LLP Report (2011)
2020 400 30,5 KazNII Ekologi (2021)

2023 380 ~32,0 Monitoring of the MEG of the Republic  
of Kazakhstan (2024)
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Current parameters of Balkhash  
Copper Planter slag dumps
Based on data from remote sensing 

of the Earth (by the national company 
"Kazakhstan Garysh Sapary" in 2023) and 
materials from the comprehensive inven-
tory of BMZ waste (Maps of Kazakhmys 
LLP slag dumps) in 2022—2023, the cur-
rent state of BMZ slag storage facilities is 
characterized by the following indicators:

1. Spatial parameters:
•	 Total area of occupied territories: 

120±5 ha;
•	 Maximum height of dumps: 25.3 m 

(northern sector);
•	 Average height: 18.7 m;
•	 Volume of accumulated slags: 32.4 

million tons (as of 2023).
2. Accumulation dynamics:
•	 Annual volume increase: 380—450 

thousand tons;
•	 Area increase rate: 1.5—2 ha/year;
•	 Storage density: 2.1—2.3 t/m3.
3. The forecast indicators up to 2030 

are shown in Table 4:

Based on the data in Table 4, the BСР 
production control reports for 2023 and 
the Sentinel-2 satellite survey data for 
2022, the slag heaps occupy 120 hectares 
of land, and their area increases annually 
by 1.5—2 hectares. This leads to the with-
drawal of significant territories from eco-
nomic turnover and disruption of natural 
landscapes, which is a direct mining prob-
lem related to land reclamation and resto-
ration, according to SanPiN RK 2.02.01-01.

The chemical and mineral composi-
tion of the slags in the landfill is shown in 
Table 5. 

Based on the results of Table 5 and 
the report of the KazNII of Non-Ferrous 
Metallurgy, for 2022. There is a tendency 
that during the extraction, enrichment and 
processing of copper ores, a  significant 
part of the useful components (includ-
ing copper, zinc, lead) is lost with landfill 
slags. For example, BСP slags contain 
from 0.2 to 1.5% copper, which, with an 
accumulated volume of 32  million tons, 
represents significant losses of the target 

Table 4
Projected indicators of slag accumulation up to 2030
Прогнозные показатели накопления шлака до 2030 года

Parameter 2023 (fact) 2030 (forecast) Projected growth (%)
Volume, million tons 32,4 35,0—35,8 +8,2

Area, ha 120 130—135 +12,5
Height, m 25,3 27,0—28,5 +12,6

Table 5
The main components (%) of the chemical and mineral composition of the slags in the landfill
Основные компоненты (%) химико-минерального состава шлаков, находящихся в отвале 

Component Average Content Range Source
SiO₂ 35,2 30—40 XRD analysis (KazNU, 2020)
Fe₂O₃ 40,1 35—45 ICP-MS (KazNII, 2019)
CaO 7,5 5—10 GOST 5382-2019
Al₂O₃ 6,8 5—8 BCP Report (2022)

Cu 0,8 0,2—1,5 EPA Method 6010D
Pb 0,3 0,1—0,5 SanPiN RK 1.02.002-94
Zn 0,5 0,5—2,0 WHO (2017)
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metal. This, in turn, indicates the low effi-
ciency of mineral extraction at the stage of 
extraction, processing and smelting.

The mineralogical composition (X-ray 
phase analysis) of the dump slag of the 
Balkhash Metallurgical plant is represen- 
ted by the following compounds:

•	 Fayalit (Fe₂SiO₄) — 40–50%;
•	 Hematite (Fe₂O₃) — 20–25%;
•	 Quartz (SiO₂) — 15–20%;
•	 Sulfides (CuFeS₂, PbS, ZnS)  — 

3–5%.
Based on the chemical and mineralogi-

cal composition of the dump slag, it can be 
classified as hazard class IV (as low-haz-
ard), but due to the mobile forms of heavy 
metals (Cu, Pb, Zn), it requires continuous 
monitoring and monitoring.

Accumulated dumps can have a nega-
tive impact on the environment, in particu-
lar, wind erosion of slag heaps leads to the 
formation of fine dust (PM10 and PM2.5) 
containing heavy metals. According to 
monitoring data based on the KazNII of 
Ecology "Study of atmospheric transport 
of heavy metals in the area of the Balkhash 
industrial hub" for 2022, the content of 
heavy metals in the air of Balkhash is 
shown in Table 6.

Based on the data in Table 6 and the 
research of the KazNII of Ecology "Study 
of atmospheric transport of heavy metals 

in the Balkhash industrial hub area" for 
2022—2023. The formed open slag dumps 
are subject to wind erosion, which leads to 
the transfer of fine particles with heavy 
metals to a distance of up to 10 km. This 
exacerbates the problem of dust suppres-
sion in mining and especially in regions 
with an arid climate. The presence of such 
a concentration of heavy metals in the air, 
which can exceed the maximum permis-
sible concentration by 10 times and move 
in air currents over distances up to 10 km, 
definitely harms the environment and pub-
lic health in accordance with SanPiN RK 
No. 1.02.002-94 updated in 2021.

Soil contamination
Environmental monitoring shows that 

the area within a radius of up to 5 km from 
the BCP slag heaps is characterized by a 
critical level of soil contamination with 
heavy metals. The results of the samples 
are shown in Table 7.

Maximum permissible concentrations 
for heavy metals in the soil according to 
GOST 17.4.1.02-83 (mg/kg):

•	 Copper (Cu) — 3;
•	 Lead (Pb) — 6;
•	 Zinc (Zn) — 23.
Table 7 shows that the content of heavy 

metals, in particular copper, in the soil ex-
ceeds the MPC from 16.67 to 150  times, 

Table 6
Concentrations of heavy metals in the air near the landfill (monitoring data for 2023)
Концентрации тяжелых металлов в воздухе близ отвалохранилища  
(данные мониторинга за 2023 г.)

Pollutant Average 
concentration 

(mg/m3) 

MPC  
(mg/m3) 

Exceeding 
the MPC 
(times) 

Source

Copper  
(Cu) 0.015 0.002  

(daily average) 7.5
SanPiN RK No. 1.02.002-94  

"Maximum permissible concentration  
of pollutants in atmospheric air".

Lead (Pb) 0.003 0.0003  
(daily average) 10

SanPiN RK No. 1.02.002-94  
"Maximum permissible concentration  

of pollutants in atmospheric air".
Zinc (Zn) 0.05 0.05 (one-time) — WHO Air Quality Guidelines (2021).
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lead from 2.5 to 20  times, zinc from 2.2 
to 15.2 times. Such soil contamination in 
a 5-kilometer zone can lead to ecotoxico-
logical effects. In particular, copper (Cu): 
In accordance with GOST 17.4.1.02-2017, 
when exceeding the threshold of 60 mg/kg, 
it exhibits phytotoxicity, inhibiting plant 
growth; lead (Pb): According to the re-
search conducted by KazNAU scientists 
in the scientific report "Accumulation 
of heavy metals in agricultural plants in 
Central Kazakhstan" for 2020 bioaccumu-
lation in grain crops — in particular, the 
content in wheat can reach 0.5 mg/kg at a 
sanitary norm of 0.1 mg/kg; zinc (Zn): In 
high concentrations suppresses the activity 
of soil microflora and disrupts the balance 
of the microbiome [30].

Pollution of water bodies
The migration routes of pollutants are 

due to the following main route of heavy 
metals distribution — filtration of atmos-
pheric precipitation through unprotected 
dumps into groundwater, then into the 
drainage basin of Lake Balkhash. The pre- 
sence of heavy metals and their concent- 
ration in water bodies near landfills and 

in the coastal zone of Lake Balkhash is 
shown in Table 8.

Table 8 shows that the excess of cop-
per in groundwater reaches 1200  times 
relative to the maximum permissible con-
centration, lead up to 30 times, zinc up to 
210  times. The presence of heavy metals 
in the groundwater and the coastal zone of 
Lake Balkhash negatively affects the bio-
logical consequences, such as the presence 
of copper according to the methodology 
for assessing the toxicity of aquatic sam-
ples based on fish survival. (RD 52.24.643-
2002.) leads to high toxicity to aquatic or-
ganisms: LC50 for marinka (Schizothorax 
intermedius) is 0.1 mg/l, according to the 
biomonitoring report on aquatic ecosys-
tems of Lake Balkhash and adjacent ter-
ritories of the Scientific Research Institute 
of Fisheries of the Republic of Kazakhstan 
for 2021 the presence of lead contributes 
to active accumulation in aquatic vegeta-
tion  — the bioconcentration coefficient 
can reach 500.

Filtration of atmospheric precipitation 
through slag dumps leads to contamina-
tion of groundwater and Lake Balkhash 
with heavy metals (exceeding the maxi-

Table 7
The content of heavy metals in the soil (mg/kg) and comparison  
with the maximum permissible values (MPC)
Содержание тяжелых металлов в почве (мг/кг) и сравнение  
с предельно-допустимыми показателями (ПДК)

Distance from 
the dump

Cu  
(mg/kg)

Pb  
(mg/kg)

Zn  
(mg/kg)

Exceeding  
the MPC Cu

Exceeding  
the MPC Pb

Exceeding  
the MPC Zn

0–500 m 450 120 350 150× 20× 15.2×
1–2 km 150 45 120 50× 7.5× 5.2×

5 km 50 15 50 16.7× 2.5× 2.2×

Table 8
Concentrations of heavy metals in water bodies (mg/l)
8-Концентрации тяжелых металлов в водных объектах (мг/л)

Water feature Cu Pb Zn MPC, mg/l

Groundwater (near landfills) 1.2 0.03 2.1 Cu: 0.001
Pb: 0.01
Zn: 0.01Lake Balkhash (coastal area) 0.05 0.005 0.3
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mum permissible concentration for copper 
by up to 1200  times (Table 8)). This is a 
direct consequence of the possible insuf-
ficient insulation of landfills or its absence, 
which relates to the problems of mining 
ecology and requires the use of modern 
engineering barriers in accordance with 
GOST 25592-91 and RD 52.24.643-2002.

A comprehensive analysis of the cur-
rent state of the Balkhash Copper Smelter's 
slag heaps allows us to state that the cur-
rent environmental situation requires the 
urgent introduction of a systematic ap-
proach to industrial waste management. 
The key areas for solving this problem 
should be:

1. Development of the slag processing 
system:

•	 Creation of a specialized processing 
complex with a capacity of preferably at 
least 500 thousand tons/year;

•	 Implementation of combined tech-
nologies (flotation + magnetic separation) 
to extract valuable components.

2. Scientific support of recycling pro-
cesses, including through detailed physi-
co-chemical studies:

•	 X-ray diffraction analysis of the pha- 
se composition;

•	  Determination of thermodynamic 
characteristics of slag systems;

•	 Study of the kinetics of leaching of 
valuable components;

•	 Assessment of the reactivity of slags 
in various media.

Of particular importance is the need 
to conduct fundamental research on the 
physico-chemical properties of accumu-
lated landfill slags, including:

•	 Determination of optimal parame-
ters of their processing (temperature, acid-
ity, granulometry);

•	  Development of mathematical mo- 
dels of the behavior of slag systems;

•	 Exploring the possibilities of inte-
grated recycling with the production of 
construction and other materials;

•	 Assessment of the economic feasi-
bility of various technological solutions.

The implementation of these measures 
requires:

•	 Creation of an interdisciplinary re-
search group (metallurgists, chemists, en-
vironmentalists, etc.)

•	 Development of a state R&D financ-
ing program;

•	 Organization of an experimental 
testing ground for technology testing;

•	 Development of international coop-
eration in the field of industrial waste re-
cycling.

Only an integrated approach combin-
ing modern production technologies, in-
depth scientific research and effective 
waste management methods will solve the 
environmental problems associated with 
BCP slag heaps and create an economi-
cally attractive recycling model.

Conclusions
Based on the results of the conducted 

research, the following conclusions and 
conclusions can be drawn, in particular:

•	 The Balkhash Copper Plant (Kazakh- 
mys LLP) accumulated more than 32 mil- 
lion tons of waste slag from 1970 to 
2023, with an annual increase of 380—
450  thousand tons. The projected vol-
ume by 2030 will be approximately 35— 
35.8  million tons, which requires urgent 
measures for their disposal and processing;

•	 The slags in the dumps contain the 
following heavy metals: copper, lead, zinc. 
Mobile forms of metals migrate into the 
environment, creating long-term risks;

•	 The slag dumps of the Balkhash cop-
per Plant (Kazakhmys LLP), as a result of 
weather and climatic conditions, pollute 
all components of the ecosystem: the atmo- 
sphere (the average concentration of Cu 
reaches 0.015 mg/m3, Pb — 0.003 mg/m3, 
Zn — 0.05 mg/m3), the soil (within a ra-
dius of 5  km from the landfills, the con-
centration of Cu reaches 450 mg/kg, Pb — 
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120  mg/kg) and water bodies (filtration 
into Lake Balkhash increases Cu2* levels 
to 1.2 mg/l) threatening biodiversity;

•	 There is a growing need for techno-
logical modernization, in particular, the 
development of a state program for slag 
processing with tax benefits for enterpris-
es, as well as international cooperation for 
the introduction of integrated slag process-
ing technologies.

•	 The problem of BCP waste slags 
requires a comprehensive solution at the 
intersection of technology, environmental 
protection and social policy. Inaction will 
lead to irreversible consequences for the 
ecosystem of the region.

•	 Comprehensive processing of slag 
dumps will contribute to solving a number 
of mining and geological problems in min-

ing — metallurgical sector of Kazakhstan, 
such as the life cycle of landfills, waste, 
the use of landfills as secondary raw mate-
rials, the withdrawal of significant territo-
ries from economic circulation and disrup-
tion of natural landscapes, land reclama-
tion and restoration, increased efficiency 
of extraction of minerals at the stage of en-
richment and smelting, wind erosion, dust 
formation and dust suppression, gradual 
reduction and further absence of insula-
tion costs landfills, and the use of modern 
engineering barriers.

We express our gratitude to the M. Aue- 
zov South Kazakhstan University, and St. 
Petersburg State Institute of Technology 
(Technical University) for the opportunity 
to conduct research.
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