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Abstract. One of the current issues of atmospheric pollution is particulate
matter (PM). PM can be of both natural and anthropogenic origin. This
review summarizes the current concepts of PM, as well as approaches to
their classification and toxicological properties. The most significant and
dangerous for the environment are particles with aerodynamic sizes of 2.5
and 10 micrometers (PM2s and PM1o). The main sources of PM include
construction, mining, fuel and energy enterprises, as well as road
transport. The article provides a comparative analysis of the current
environmental standards for PMg2si1o in Kazakhstan, the Russian
Federation, the EU, China, and the USA. In the EU, China, and the USA,
there are no single maximum permissible concentration (MPC) limits for
PM2s, as is the case in the Russian Federation and Kazakhstan. However,
the EU and USA have stricter average daily and annual MPC limits for
PM2s.10. Analysis of data on the continuous exposure to PM2s.10 in the
EU, China, and the USA has allowed us to identify the main risk groups
associated with an increased risk of cardiovascular and respiratory
diseases, as well as mortality. The complexity in assessing the toxic
effects of PM2s.10 stems from the significant variability and instability in
their chemical composition, morphology, and dispersion properties. The
main strategy for managing risks and improving public health outcomes
is to reduce levels of PM2s.10 pollution. In Kazakhstan, government
measures to monitor and control the concentration of PM aim to reduce
air pollution, but they have not been sufficiently effective in addressing
public health risks.

Keywords: atmospheric air; particulate matter;
toxicological assessment; regulation; health risks.

PMzs;  PMuo;

1. Introduction
Atmospheric air is one of the main and vital components of the
environment. Over the past decades, suspended particles (abbreviated as
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particulate matter, or PM) have come to the forefront, which are one of the six most significant criteria
for air pollutants according to the Environmental Protection Agency (EPA) definition (Particulate
Matter (PM) Pollution, 2024). The largest contributors to air pollution by PM are agriculture, energy,
transportation, industry, commercial sectors, and waste disposal, as well as burning solid fuels for
municipal purposes, and even tobacco smoke (Strelyaeva et al., 2014; Putaud et al., 2010; Li et al.,
2015). PM is a widespread air pollutant that includes a mixture of organic and inorganic substances,
with a wide range of spatial and temporal variations in their physical and chemical properties (Khan
et al., 2010; Jiang et al., 2018; Kumar et al., 2025). The air pollution caused by suspended particles
has many complex consequences for the environment and public health. If other pollutants are
identified by their chemical composition, PM is a general term for all suspended particles in the air,
regardless of their molecular composition. Due to their small size and weight, PM can be carried by
wind over considerable distances and deposited on Earth's surface or in reservoirs (Khan et al., 2010;
Jiang et al., 2018; Kumar et al., 2025; Finlayson-Pitts et al., 2025; Seinfeld et al., 2006). Adverse
effects on public health and biota from suspended particles are associated with their aerodynamic
size, which determines their migratory and penetrating abilities (Pavlik et al., 2012; Kim et al., 2015;
Magnani et al., 2016; Rajper et al., 2018; Fatkhutdinova et al., 2021; Pu et al., 2022). The greatest
danger to the biosphere is represented by PMy s particles (Khan et al., 2010; Strelyaeva et al., 2014;
Kumar et al., 2025).

A significant number of studies have been conducted to investigate the influence of
meteorological factors on particle migration (Katsouyanni et al., 2001; Li et al., 2015; Cao et al.,
2013; Xu et al, 2017; Jiang et al., 2018) and the influence of PM size on cumulative effects
(\Valavanidis et al., 2010; Khan et al., 2010; Jiang et al., 2018; Kumar et al., 2025). Also, in literature,
there are studies on the impact of particulate matter on urban air pollution and its negative impact on
public health, flora, fauna and soil (Xu et al., 2017; Zagorodnov et al., 2018; World health statistics,
2018; Valavanidis et al., 2010; Anderson et al., 2012; Zheng et al., 2015; Bennett et al., 2019;
Tokbergenov et al., 2022; Ghobakhloo et al., 2023; Ning et al., 2024; Kumar et al., 2025; Reli¢ et al.,
2023; Liu et al.,2019; Liu et al., 2022; Li et al., 2015). Numerous PM studies have been conducted in
cities in China, Europe and the United States.

In this aspect, the purpose of the review is to summarize knowledge about PM in terms of its
origin, physicochemical and toxicological properties, classification, problems of environmental
standards and assessment of public health effects. The review also includes research data from
Kazakhstan and other countries of the Commonwealth of Independent States (CIS).

2. Current concepts and toxicological effects of particle matter

The descriptive review was carried out in accordance with the recommendations of PRISMA
(Matthew et al., 2021). The research was carried out in the spring and summer of 2025 in English and
Russian independently by two people in the databases PubMed, Scopus, Google Scholar, and the
library without limitation of the publication period. The search used keywords related to the subject
of the study — "suspended particles” or "particulate matter” (PM) and atmospheric air pollution by
PM, and morbidity of the population due to air pollution by PM. In addition, the literature lists of
publications selected for a descriptive review were also reviewed.

2.1. The concept of "PM" and its classification

The term "suspended particles" refers to solid or liquid substances dispersed in the gas phase.
To denote them in short form, the abbreviation "PM" is used — a derivative of the English phrase
"particulate matter”. As a rule, in meteorology, atmospheric physics and chemical ecology, PM
mainly refers to solid particles (Anderson et al., 2012; Putaud et al., 2010; Ghobakhloo et al., 2023).
PM is formed as a result of various processes such as grinding, condensation and drying of solutions,
for example, marine dust, as well as chemical reactions. These particles become suspended under the
influence of air or gas flows and form what we commonly call "particulate matter” (Strelyaeva et al.,
2014).
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For the purposes of air quality regulation, PM is determined by their degree of dispersion,
namely their aerodynamic size. Anthropogenic gas emissions include solid particles ranging in size
from 0.5 to 200 microns.

Table 1 shows the main differences between PM in a number of characteristics, for example,
origin, size, shape and method of generation.

Table 1. Classifications of PM

Criteria | Name | Examples
By origin (Ghobakhloo et al., 2023)
Natural Natural PM Sandstorms, rock weathering, volcanic activity,

evaporation from the surfaces of seas and oceans, soil
erosion, forest fires, steppe fires and peat fires, dust-
like substances of plant origin, plant pollen,
microorganisms and fungal spores

Acrtificial Man-made PM Emissions from fuel combustion, fuel and energy
complex, transport, during road and construction
work, mining, production of building materials, and

smelting
Primary Primary PM They directly enter the air from both natural and man-
made sources
Secondary Secondary PM Already formed in the atmosphere as a result of

chemical transformations of gaseous substances: SO,
NOx, NHs, volatile organic compounds (VOC).
Basically, secondary PM is of anthropogenic origin
By size (Seinfeld et al., 2006; Putaud et al., 2010)

Finely dispersed Finely dispersed, smoke particles, soot particles, smog
(d < 0.25 microns) submicron aerosols
Medium - dispersed Microscopic smoke particles, soot particles
(0.25 microns < d < 10 aerosols
microns)
Coarse- dispersed Giant aerosols dust storms
(d > 10 microns)
Isometric Spherical soot
and silica particles
Fibrous Chained asbestos, glass, metal and vegetable dust
By the generation way (Ivlev et al., 2000)
Dispersional Dispersional They are formed as a result of the mechanical

dispersion of solids and the subsequent dispersion of
fine particles in the air. As a rule, such particles have
a relatively large size (> 10 microns) and an irregular
shape.

Condensation Condensation They are formed during the combustion or
sublimation of substances (particles of soot, for
example), as well as a result of photochemical
reactions in the atmosphere. As a rule, these are fine
particles with a diameter of < 0.25 microns.

The most important property of PM is the high specific surface area of the dispersed phase,
reaching hundreds of square meters per gram of dispersed substance, and a significant amount of time
spent in the air (Spurny et al., 1964). PM with a diameter ranging from 1 to 10 microns can remain
airborne for several days. The hover time for particles smaller than 1 micron is 10 to 20 days. PMs
smaller than 0.1 micron do not precipitate at all because their speed of Brownian motion is faster than
the rate of deposition (Spurny et al., 1964).
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When it comes to solid particles, the number to the right of PM indicates the aerodynamic
diameter in microns. The concentration of PM is usually determined in weight, i.e., the number of
micrograms per cubic meter (ug/m?). So, depending on aerodynamic size, PM can be conventionally
divided into two categories: coarse dust (particles less than 10 um) and fine dust (particles smaller
than 2.5 um) (Valavanidis et al., 2010). Also, according to the technical definition, PM2 5 is included
in PM1o (which covers all particles less than 10 microns in diameter).

To make it clear, these dimensions are much smaller than a human hair (Figure 1).

@ PM25
Combustion particles, organic compounds, metals, etc.
<2.5ym (microns)in diameter

PM 10
O Dust, pollen, mold, etc.
<10ym (microns)in diameter

Human hair
50-70ym(microns)in diameter

90ym (microns)in diameter
Fine beach sand

Figure 1. Dimensions of PM2sand PMzg

In addition to coarse and fine dust, when discussing PM, one may encounter references to the
smallest ultrafine dust (PMz1, PMo 1, etc.), which has an aerodynamic diameter of 1 micron or less.
PMO.1 is referred to as a nanoparticle. Particles less than 10 microns in size have the greatest
environmental significance, as they are virtually not captured by common industrial cyclones. Unlike
larger particles, which are captured up to 90-95% (Fatkhutdinova et al., 2021). It is these fine particles
that easily penetrate into the lowest parts of the lungs with inhaled air and have a negative impact on
human health.

2.2. Sources of PM entering the atmosphere

PM can have both natural and anthropogenic origins (Table 1). There are many natural sources
of PM pollution, including dust storms, forest fires, wind erosion, sea spray and even plant pollen
(Seinfeld et al., 2006; Ivlev, 1982; Friedlander, 2000; Ivlev, 2013; Brines et al., 2015). Thus, smoke
from forest fires contains a lot of solid particles, mainly PM2 s (Strelyaeva et al., 2014; Ghobakhloo
et al., 2023). In large areas of the arid zones of Asia and Africa, droughts and intensive exploitation
of pastures lead to a reduction in vegetation cover and the removal of dust particles from it. As a
result of sand and dust storms, dust can rise high into the atmosphere and travel long distances, often
moving even across oceans. Such storms annually transport an average of half a billion tons of
minerals and nutrients to the oceans, which, when coming from the atmosphere, can affect primary
production in the ocean, including coastal areas. This process triggers biogeochemical cycles in the
oceans, including circulation of carbon, nitrogen, sulfur, phosphorus, and silicon (lvlev, 1982;
Finlayson-Pitts and Pitts, 2000). In some parts of Africa and the Middle East, most of the particle
pollution is caused by dust brought in from arid areas (Ivlev, 1982). In Russian cities located in the
Asian part of the country, air pollution caused by microparticles comes from transporting air masses
from deserts in Africa and Asia (Varenik et al., 2021)

The most significant contribution to the atmospheric pollution of modern cities is made by
emissions from motor vehicles and power plants. Also, sources of PM entering the urban atmosphere
include the construction industry (production of cement, ceramics, bricks), the metallurgical industry,
and the transshipment of bulk cargo (Harrison et al., 2001; Khan et al., 2010; Crilley et al., 2017; Hao

30



Journal of Ecology and Sustainability 2026, 154(1)

et al., 2019; Ghobakhloo et al., 2023). The machine-building enterprises release significant amounts
of dust in areas where materials are mechanically processed, welded and cut. At ferrous metallurgical
enterprises, sintering, foundries, blast furnaces, steelmaking, and rolling are the main sources of dust
emissions. In mining operations, the most dust is produced during ore transportation, drying, and
flotation. The production of building materials such as mortars, concrete, and hollow slabs also emits
dust during preparation and storage in open warehouses (Zagorodnov, 2018). In emissions from
machine-building enterprises, the content of fine particles of PM2sand PM1o was 13% and 40%;
ferrous metallurgy was 79% and 84%; non-ferrous metallurgy 43% and 98%; mining industry 21%
and 59%, respectively (Zagorodnov, 2018).

In 2023, industrial combustion was the main source of PM emissions in the United Kingdom
(UK). Emissions from industrial processes and product use accounted for 16% of total PM2s
emissions and 38% of all PMz1o emissions. Road transport accounted for 21% and 18%, respectively,
of PM2s (Emissions of air pollutants, 2025).

Studies of the concentration and spatial distribution of PM in Belarus have shown that industrial
production, household sector, and road transport are the main contributors to the formation of high
concentrations of PMyo halos in atmospheric air (Kakareka et al., 2021). At the same time, the highest
concentrations of PM2s and PMo1 are formed near roads, particularly road sides and traffic
intersections (Kumar et al., 2020).

Air pollution in Kazakhstan is caused by various factors and poses a serious threat to public
health. The atmospheric air in many cities of Kazakhstan is polluted due to the following main
reasons: extraction and processing of mineral resources, oil and gas extraction, operation of motor
vehicles, and emissions from industrial enterprises (Kenessary et al., 2019).

Almaty is one of the most polluted cities in Kazakhstan and Central Asia. The average winter
concentration of PM2s in Almaty is 94.0 micrograms per cubic meter (Tursumbayeva et al., 2022).
In 2024, in Almaty, the total volume of pollutants emitted into the atmosphere from stationary sources
was 189 thousand tons. Of this, 60% was accounted for by motor vehicles, 27.5% by industrial
enterprises, and 11% by housing and the private sector. The remaining 0.74%, or 0.076%, was emitted
by stationary sources of small and medium-sized businesses and construction facilities. The average
annual concentration of PM2swas 24.1 micrograms per cubic meter, which was 4.8 times higher than
the WHO norm (Kurmangazinova, 2025).

In 2016, WHO published a report on the content of PM1o and PM2 s in atmospheric air in 2975
cities around the world. The report WHO indicates that the quality of atmospheric air is dependent
on the socio-economic status of a country. Concentrations of suspended particles were significantly
higher in cities in the Asian region (India, Pakistan, Afghanistan, China and Mongolia) and in the
Eastern Mediterranean region (World health statistics, 2018).

2.3. Toxicological characteristics of PM and their effect on public health

Unlike the well-studied gaseous pollutants of atmospheric air, PM have such special properties
that are determined by the course of physicochemical processes in the atmosphere. As for PM2s and
PM1o, primary and secondary particles are isolated. Primary particles enter the air ready-made, and
secondary particles form directly in the air as a result of various chemical reactions. Most PM2 s and
PMyo particles are sorbents that can adsorb toxic compounds, leading to particles with harmful
additives. The World Health Organization (WHO) classified PM as a priority air pollutant, along with
nitrogen oxides, ozone, sulfur oxides, formaldehyde, and polycyclic aromatic hydrocarbon (World
health statistics, 2018).

The suspended particles have a high specific surface area. The most common chemical
components of particulate matter (PM) include inorganic anions (such as sulfates, nitrates, and
chlorides), cations (like sodium, potassium, calcium, and magnesium), organic and elemental carbon,
ammonia, minerals from the Earth's crust, soot particles, rubber, sand, asphalt, water particles, the
smallest droplets of liquid (also known as aerosol pollution), and heavy metals and their compounds
(Crilley et al., 2017; Kumar et al., 2020). PM may also contain biological components such as

31



Journal of Ecology and Sustainability 2026, 154(1)

microorganisms (mold spores, bacteria, and dust mites), microbial waste products, and pollen. It is
worth noting that most of these components are allergens (Kumar et al., 2020; Khan et al., 2010).

The diversity of the chemical composition and size of PM, as well as the unpredictability of
physicochemical processes on their surfaces, is the reason for difficulties encountered in assessing
toxicity of suspended particles. The toxicological assessment of PM2s and PMzg involves numerous
mechanisms, such as inflammatory processes and oxidative stress. This condition is a problem in the
study of the effects of PM2s and PM1g on humans and the environment. Besides, it is due to the
considerable time spent in the air, which can be from several hours to several days or more. As for
PM; and PMo., there is still no clear understanding of their short- and long-term effects on public
health.

As a result of numerous studies conducted over the past decades worldwide on the negative
effects of suspended particles on public health, it has been statistically reliably established that their
toxicity is determined by both their chemical composition and aerodynamic dimensions (Anderson
et al., 2012; Fatkhutdinova et al., 2021; Xu et al., 2017). PM1o and PM_ s particles are considered to
be respiratory, as their diameter allows them to enter the thoracic part of the human respiratory system
and then the bloodstream (Pope, 2000; Pope et al., 2006). The depth of penetration of PM into the
lungs depends on the aerodynamic size of particles (Anderson et al., 2012; Kumar et al., 2025). Thus,
PMyo and PM2 s are the most important health risk factors for respiratory and cardiovascular diseases
and exhibit the highest biological activity. However, obtaining sufficient material for in vitro and in
vivo toxicological studies is a difficult task.

Due to their extremely small size, PM1o and PM2s not only are not retained by natural biological
barriers when inhaled, and pass into the bloodstream, but they can also accumulate in the body,
triggering various unpleasant health-related consequences (Feng et al., 2016). In 2013, WHO
classified fine particulate matter, PM1o and PMzs, as carcinogens in the first group (World health
statistics, 2018). According to the results of epidemiological, clinical and experimental studies, air
pollution with PM, especially those containing metals, has been confirmed to be a risk factor for
cancer of the trachea, bronchi, and lungs. Damage to the epithelial cell genome and epigenetic
changes caused by PMz1o and PM2 s play an important role in the pathogenesis of cancer.

The negative effects of respiratory particulate matter (PM) are manifested both in short-term
exposure (from a few hours to a few days) and in long-term or chronic exposure (over several months
to years). According to WHO estimates (World health statistics, 2018), an increase in PMio
concentration by 10 pug/m? leads to an increase in daily mortality by 0.2-0.6%. Each increase in PM2.5
concentration by 1 pg/ m?3 is associated with a 6-13% increase in cardiopulmonary mortality risk.
Daily studies in 29 European cities have shown that, with an increase in daily concentrations of PM1o
or black smoke of 10 g/m3, there is an increase in the daily number of deaths across all ages of 0.6%.
This figure is even slightly higher for the elderly (Katsouyanni et al., 2001). Under conditions of
long-term exposure to PM2s, each increase in the concentration of suspended particles by 10 pg/m?
was accompanied by a 6-13% increase in long-term cardiopulmonary mortality risk.

In the atmospheric air of Russian cities, using calculated coefficients for PM1o and PM2s,
indicators of additional mortality of the population were determined in 219 cities, amounting to 67.9
thousand cases/year under the influence of PM1o, and 88.2 thousand cases per year taking into account
the effects of PM2s.

Studies in Semnan (Iran) during the COVID-19 pandemic and after quarantine showed that
mortality rates from chronic obstructive pulmonary disease (COPD) related to PM25 were 25.18% in
2019, 22.55% in 2020, and 22.12% in 2021. During the quarantine, mortality and hospitalization rates
due to cardiovascular and respiratory diseases also decreased (Aga et al., 2003).

Data have been obtained showing that solid particles of PM2s, as a quality, cause a certain
degree of deterioration in the structure and function of the epidermis of the skin (Liu et al., 2019).

The negative effect of PM2s on the cognitive functions of the brain and the risk of early
dementia are described (Tokbergenov et al., 2022). Even relatively low levels of PM.s may be an
important environmental factor influencing patterns of structural brain development in childhood
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(Kim et al., 2015). The negative role of dust particles in the spread of infectious diseases, in particular
COVID-19, has also been confirmed (Ghobakhloo et al., 2023).

According to the results of an assessment of the risk of non-traumatic mortality due to exposure
to atmospheric air pollution in the city of Ust-Kamenogorsk, suspended particles of PM2.5 have
unacceptable levels of relative risk (RR: 1.27-1.78) and individual risk for non-trauma (1.5-2.1-10°%)
and cardiopulmonary mortality (8.3-10* to 1-107%) (Kenessary, et al., 2019).

Analysis of numerous works (Aga et al., 2003; Brook, 2008; Anderson et al., 2012; Katsouyanni
et al., 2001; Valavanidis et al., 2010; Zheng et al., 2015; Rajper et al., 2018; Fatkhutdinova et al.,
2021; Ning et al., 2024; Pavlik et al., 2012; Pope, 2000; Pope et al., 2006; Feng et al., 2016) allows
us to draw the following conclusions:

e Chronic pulmonary obstruction progresses with chronic exposure to PM2s and PMyo.

e Short-term acute exposure to PM2s and PMzo exacerbates lung diseases;

e Short-term acute exposure to PMzs and PMzg exacerbates lung disease. The toxic effect of
PM2s and PMyo is manifested in systemic oxidative stress in the lungs, inflammation, and vascular
atherosclerosis;

e PMa2s and PMyo cause adverse changes in the autonomic function of the heart;

e PMa2s and PMyo cause changes in vascular tone and endothelial function;

e translocation of PM2s and PM1o provokes prothrombotic effects;

e PMa2s and PMyo help to reduce the body's defenses and immunity.

Thus, the risk of dangerous exposure to suspended particles is primarily associated with fine
aerosol particles of PM2s and PM1o. The effects of PM2s and PMyo air pollution are characterized by
a wide range of diseases, including various allergic reactions of the respiratory system, such as
bronchitis, asthma, runny nose, cough, and chronic obstructive pulmonary disease (COPD), etc.
Susceptible populations, such as the elderly, children, and those with chronic illnesses.

The WHO estimates that air pollution caused by PM causes about 800 000 deaths annually,
putting a huge burden on global public health. PM is in 13th place among the leading causes of death
worldwide (Khan et al., 2010). Thus, PM air pollution requires constant monitoring as it has complex
consequences for public health.

2.4. Sources of PM entering the atmosphere

There are 3 groups of particles that differ in the degree of negative effect on human health:

1. Coarse particles with an aerodynamic diameter of more than 10 microns, which irritate the
mucous membranes of the upper respiratory tract and eyes, provoking cough, sore throat, allergic
reactions, itching and redness of the eyes; these particles are not regulated;

2. Medium-dispersed particles have an aerodynamic diameter less than 10 micrometers (PM1o);
they are regulated;

3. The most toxic fine particles have aerodynamic diameters less than 2.5 micrometers (PM2:s),
these particles are also regulated.

Fine suspended particles PM2s and PMyo are the main indicators of atmospheric air quality. The
concentrations of PM2s and PM1o in atmospheric air in areas affected by enterprises often exceed the
established hygienic standards (Kerimray, 2020). Instruments for monitoring the levels of PM2s and
PMyo in the atmosphere are being developed for health risk management purposes. In particular, the
mass concentration of PM_ s is a key parameter for assessing air quality and the effects of its pollution
on human health. The importance of monitoring atmospheric air quality for fine particles is reflected
in the WHO's recommendations on air quality regarding particulate matter, ozone, nitrogen dioxide,
and sulfur dioxide (World health statistics, 2018). In 1999, the EPA introduced the Air Quality Index
(AQI) to effectively inform the public about the health risks caused by the concentration of pollutants
in the environment. The AQI includes a new sub-index — fine particles (Particulate Matter (PM)
Pollution, 2024).

PM emissions from mobile sources with diesel engines are regulated by a number of European
vehicle emission directives, supplemented by directives on fuel quality and regulation of emissions
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from off-road mobile vehicles, railway locomotives and ships on inland waterways (Fatkhutdinova
etal., 2021).

Currently, the quality of urban air is one of the most significant environmental issues. In most
large cities around the world, air pollution is reaching critical levels. The air quality in more than 20
of the largest cities in the world is several times worse than the WHO standards.

According to Kazinform International News Agency (Nigmatullina, 2025), over the past five
years there have been consistently high levels of atmospheric air pollution recorded in Karaganda,
Almaty, Aktobe, Temirtau, Ust-Kamenogorsk, and Astana, due to emissions from industrial
enterprises, motor transport, and the improper operation of outdated sewage treatment plants. In
Astana, the air is burdened with suspended particles PM2s and PMzg, carbon monoxide and nitrogen
dioxide. In Karaganda, Temirtau and Ust-Kamenogorsk, sulfur dioxide, ammonia, hydrogen sulfide,
phenol and other harmful compounds are added to them. The list of cities with "very high" pollution
levels includes Almaty, Atyrau, Karaganda, Temirtau, Talgar and Satpayev. Astana, Ust-
Kamenogorsk, Turkestan, Zhitikara, Kulsary were included in the category of "high level of
pollution”. And among the settlements with a "high level of pollution” were Aktau, Aktobe, Semey,
Petropavlovsk, Shymkent and 16 other cities.

The criteria for atmospheric air quality, in relation to the maximum permissible levels of PM2s
and PMyo, in the EU, USA, Russia, China, and Kazakhstan, are somewhat different (table 2).

Table 2. Regulatory standards PM2s and PMyg in air

Indicator, WHO USA EU China Russia Kazakhsta
mcg/m3 (Particulat | (Particulat | (Kerimr | (Nhung | (Zagorod n
e Matter e Matter ay, etal., nov et al., | (Kenessary
(PM) (PM) 2020) 2017) 2018) et al., 2019,
Pollution, Pollution, Tursumba
2024) 2024) yevaetal.,
2022)
MPC pm2.5ms - - - - 160 150
MPC pm2 5ad 25 35 25 35 35 35
MPC pm2.5aa 10 12 12 15 25 -
MPC pm1oms - - - - 300 500
MPC pm10ad 50 150 50 50 60 150
MPC pm10aa 20 - 20 40 35 -

MPC pm25ms and MPC pmioms — the maximum single permissible concentrations of PMio and PMa2s
particles in the air (20-minute averaging);

2MPC pm2sad and MPC pmioad — the average daily permissible concentrations of PMio and PM2s
particles in the air (24-hour averaging);

3MPC pm2.52a and MPC pmi0aa —the average annual permissible concentrations of PMio and PM2s
particles in the air (annual averaging);

4" nfa

The regulatory standards of the European Union, USA and China do not apply to assessing the
maximum single concentration of PM2 s and PMz1o within a 20-minute period. Instead, concentrations
of suspended particulates are measured on an hourly basis. Thus, risks of acute exposure to PM2 s and
PMyo to public health are assessed based on the degree of air pollution relative to average daily
maximum allowable concentrations (MPC), and chronic exposure is assessed relative to the annual
average MPC.

In the countries of the European Union, the maximum permissible suspended particle content
of PMz1o was first established in Directive 1999/30/EU in 1999 (Particulate Matter (PM) Pollution,
2024), and in 2008, MPC (maximum permissible concentration) for PM10 (residual mass) and MPC
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for PM.s (particulate matter with a diameter less than 2.5 microns) were clarified in Directive
2008/50/EU on the quality of atmospheric air and clean air in Europe (Kerimray, 2020). In the USA,
average daily and annual standard values for the PM1o content were introduced in 1987 at 150 and 50
micrograms per cubic meter, respectively (Pope et al., 2000). In 2006, current standards were revised.
The average annual maximum permissible concentration for PM1o was abolished. However, average
daily and average annual maximum concentrations for PM2s were introduced. They are equal to 35
and 15 ug/m?, respectively (Nevmerzhitsky, 2016).

In accordance with WHO recommendations for the safe functioning of humans, the average
daily level of PM2 5 in surface atmospheric air should not exceed 25 pg/m?, while the recommended
average annual level is no more than 10 pg/m® (World health statistics, 2018). Standards vary
markedly from country to country. In the USA, the standard for PM2.5 in the atmosphere is 35
micrograms per cubic meter (Bennett et al., 2019) and in EU countries - 25 ug/m* (Putaud et al.,
2010). In Russia, the maximum annual permissible concentration of PM1o is 35 and PMy;5 - 20 pug/m?3;
the daily average concentration is 60 and 40 pg/m?, respectively. The maximum single concentrations
for PM10 and PM2 s are 300 and 240 pg/m?, respectively (Zagorodnov et al., 2019). In Kazakhstan,
the maximum single-use MPC values are applied, while the WHO applies average daily and annual
limits for particles of PM1o, PM25, and NO3 to assess air quality. For example, the one-time maximum
permissible concentration of PM2s used in Kazakhstan is 15 times higher than the average WHO
annual standard (Kenessary et al., 2019; Tursumbayeva et al., 2022).

3. Conclusion

Currently, PM is present in the surface atmospheric air almost everywhere and continuously. It
has a different chemical, morphological, and dispersed composition, as well as different sources of
intake and accumulation densities. Analysis of data on PM content in atmospheric air in various cities
around the world has revealed a connection between PM and the public health. The risks associated
with exposure to PM include growth, exacerbation of disease, and mortality from continuous
exposure. All this indicates the critical importance of monitoring small suspended particles (PM) and
controlling air pollution levels, particularly in large industrial cities. Regulatory values for safe levels
of particulate matter exposure (PM) vary in Kazakhstan, Russia, the EU, China, and the United States.

The instruments for state control of PM2sand PMyg in the atmosphere in Kazakhstan are not
sufficiently used for health risk management purposes. Therefore, it is essential to improve the
effectiveness of environmental policies, especially in major industrial cities in Kazakhstan, in order
to decrease the level of pollution caused by PM s particles and PMo particles in surface air.
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KankbiMaabl Oesmexkrep (PMas kome PMio): 3amaHaym TyciHikTep :KoHe
TOKCHKOJIOTHSUIBIK 0arajiay

Kanar baiirasunos, Enena Ilonruskuna, Hypian Myxamenusipos, Kaceim Kymaaniaos, Cassn
Canbmenoaes, Jlaypa Ken:kuna

Anaarna. ATMmocdepalblK JIaCTaHYIBIH ©3€KTI MoceleslepiHiH Oipi - KaJKbIMalbl OOIIIeKTEp
("particulate matter" — PM). By Oemiiekrep TaOuWFM >KOHE AHTPOINOTEH[IK IIBIFY TETIMCH
cunarranaapl. byn momyna KankeiMaibl OeINIIeKTep Typalbl 3aMaHayW TYCIHIKTEp, COHIai-ak
onapibl  KilaccH(PHKAIUsUIAy TOCUIIEpi MEH TOKCHKOJOTHSIIBIK KAaCHETTepl IKWHAKTAJFaH.
AbspoauHamMuKaIbIK eirieMi 2,5 xone 10 mxm (PM2 5 xoHe PM1o) 601aThiH OeieKkTep 3KOI0TUsLIIBIK
TYPFBIIAH €H MAaHBI3bl Opl KayilTi TOMKA KATKbI3bLIaAbl. AHTpONOreHmik TekTi PMas1o
aTMocepanblK ayana OaplibIK JKeple KoHe TYPaKThl Typae ke3aeceni. JKepre skakbiH aTMocdepa
KaOaTeiHaarbl PM2s.10 GemmiekTepiHiH HETI3rl Ke3/Aepl - KYpbUIbIC, Tay-KeH OHIIpici, OTBIH-
SHEpPreTHKa CallaTlapbIHBIH KOCIMOPBIHIAPHI JKOHE aBTOKOJIK Kypanaapel. Maxkamana Kazakcras,
Peceit ®enepanmsicel, Eypoma Onarsl enaepi, Koitait skone AKII-Tarsr PM2 5.1 yIIIiH KOJ1aHBICTAFBI
SKOJIOTHSUIBIK HOPMATHBTEPre CalbICThIpMaNbl cumarrama OepinreH. Eypoma Oparel enaepinze,
Kprrait men AKIII-Ta, Peceit men Ka3zakcranna kongansuiaTeiH PM2 5 yiiiH MakcuMan sl O1pyKOJIFBI
mekTi pykcar etiired koHneHtpanusiiap (LLEK) Gekitinmeren. ConbiMeH Katap, Eypona Onarb
ennepi meH AKI-ta PM2s.10 yurin oprama ToynikTik skoHe xbUiablK IIHEK kepcerkimrepi Peceit
MeH Kazakcranra KaparaHja anjekaiaa karaH. Eypoma Oparel ennepi, Keirait sxone AKIII-Tarsr
PM25s.10 OemmiekTepiHiH TYpaKThl ocepi Typaiabl ACPEKTEpl Tajjay HEri3ri Kayilm TONTapblH
aHbIKTayFa MYMKIHAIK Oepai. bysn Kayinrtep »XKypek-KaHTaMmblp »OHE TBIHBIC ajy Kykeci
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aypyJIapbIHBIH 6CYIMEH, COHal-aK OChI aypyJIapablH CO3bLIMAJIbI TYPJISPIHIH aCKbIHYBI CallJapbIHAH
XaJbIK ©JIM-XKITIMIHIH apTybIMeH OaiimaHbICThl. PM25.10 TOKCHKOJIOTHSUIBIK OCEpiH OaraiayibiH
KYPACTUIri OnapAblH XUMHSUIBIK KypaMbl MEH MOPQOJIOTHUSACHIHBIH aWTapibIKTail OipTeKTi
€MECTITIMEH >KOHE TYPAaKCHI3JIBIFBIMEH, COHJal-aK JUCIEPCHSUIBIK KAaCHUETTEPIMEH TYCIHIIPLICTi.
Toyekenmepai 0ackapy/blH JKOHE XallbIK JICHCAYJIBIFBIHBIH KOPCETKIIITEPIH JKaKCApPTYIbIH HETI3Ti
Kypaisl - PM2s.10 actany neHreitin temennety. Kazakcranma PMos.10 MenmmepiH MEMIICKETTIK
OakpUIay Kypajaapbl jJa aTMoc(epallblK ayaHbIH JIaCTaHYbIH a3aiTyra OarbITTajlFaH, Oipak oJjap
XaNbIK JIEHCAYJbIFbIHA TOHETIH KayinTepi Oackapy MIHIASTTEpiH IMISHIy/e >KCTKUIIKTI JeHTei e
KOJIZJaHBUIMAK OTBIP.

Tyiiin ce3aep: atmocdepansik aya; KaTThl Oenmekrep; PMio; PMz2s; Tokcukomorusansik Oakbuiay;
HOpMaJsiay; AeHCayJIbIKKa KayinTep.

B3Bemennbie yactuubl (PMz2s m PMio): coBpeMeHHble NpeACTABJIEHUS W
TOKCHKOJIOTHYECKAsl OLICHKA

Kanar baiiraszunos, Enena Ilonuskuna, Hypiaan Myxamenusipos, Kacsim ZKymaguiaos, Casin
Canbmenoaes, Jlaypa Ken:kuna

AnHoTanusa. OQHON U3 COBPEMEHHBIX IPO0JIeM aTMOC(HEPHOIo 3arps3HEHMs! SBISIOTCS TBEpJIbIE
gacturel (“particulate matter” — PM). PM umeroT Kak OpUPOAHOE, TaK M aHTPOIOI€HHOE
npoucxoxzeHue. B 0030pe 00001IeHbI COBpEeMEHHBIC MTPEACTaBICHHs O TBepbIX YacTunax (PM), a
TaKke O MOAX0JaX K HX KiIacCUpHUKalMM U TOKCHUKOJOrmdeckux cpoiictBax. K Hambonee
HKOJIOTUYECKH 3HAYUMBIM U OMACHBIM OTHOCSAT YACTHIIBI C adpOJMHAMHUYECKUM pasmepom 2,5 u 10
(PM25 u PMyg). PM25 1 PM1o aHTPOIIOTEHHOTO MPOMCXOKACHHS MIPUCYTCTBYIOT B aTMOC(HEPHOM
BO3/IyX€ TPAKTUYECKU TOBCEMECTHO W MOCTOSHHO. OCHOBHBIMH HcTOUYHMKaMU PMzs u PMig
NPU3EMHOM aTMocdepe SBISAIOTCS MPEANPHUATHS CTPOUTEIbHOM, TOPHOA0OBIBaONIEH, TOIUIMBHO-
SHEPreTUYEcKO oTpaciieil 1 aBTOMOOMIIbHBIN TPaHCIIOPT.

B crathe naHa cpaBHHUTEIbHAs XapaKTEPUCTUKA CYLIECTBYIOIIMUX IKOJIOTHMYECKUX HOPMATHUBOB IS
PM2s u PMyo B Kazaxcrane, Poccuiickoit ®@enepannu, ctpanax EBpocorosza, Kutae u CIIA. B
ctpanax EBpocoro3a, Kurtae u CILIA oTCyTCTBYIOT MaKCUMAaJIbHO Pa30BbI€ MPEAEIBbHO JOMYCTUMbIE
koHueHtpauuu (ITJAK) s PMzs, npumensiembie B Poccuiickoit ®enepaunn u Kazaxcrane. Ilpu
stoM crpanbl EBponeiickoro Coroza u CIIA wucnons3yror 0Oonee CTporue HOPMAaTHUBBI
cpeanecyrouHoi u cpeaneronoBoit [TJIK PMzs.10, uem B Poccuiickoit ®denepanunu u Kazaxcrane.
AHanu3 AaHHBIX O MOCTOSIHHOM Bo3zaeiictBuu PM2s.10 B crpanax Espomneiickoro Coroza, Kuras,
CIIIA no3Boaui BBIJEIUTE OCHOBHBIE I'PYNIBI PUCKOB, KOTOPBIE CBSI3aHBI C POCTOM LIENOTO psaa
3a00J1€BaHUN CEPJIEUHO-COCYIUCTON M JBIXaTEIbHON CHCTEM, a TAKK€ CMEPTHOCTHIO HAaceJIeHUs Ha
¢done obocTpeHuss XpoHUUecKO (opmbl gaHHBIX  3a0osneBaHuil. CIIO)KHOCTH  OLEHKH
TOKCHKOJIOTHYECKOTO BiHMsHUS PM2510 00ycioBiieHa 3HAYUTENbHONW HEOIHOPOJHOCTHIO U
HECTaOMJIPHOCTBIO KX XHUMHUYECKOrO0 cOCTaBa M MOP(HOJIOTHH, a Takke AUCIEPCHOHHBIMU
cBoiicTBaMu. OCHOBHBIM HHCTPYMEHTOM YIPABIEHUS PUCKAMU U YIIYUILIEHUS [TOKa3aTesei 310pOBbs
HAaceJIeHUs SIBJSIeTCS CHIDKEHHE ypoBHeH 3arpsisHeHus PMgzs.i0. B Kazaxcrane uHCTpyMeHTHI
roCy/IapCTBEHHOI'O KOHTpPOJsS 3a cojepkaHueM PMgzs.10 ToXe HalleneHbl Ha CHH)KEHHE YpPOBHS
3arps3HEHUs aTMOC(HEPHOTO BO3/TyXa, OJHAKO OHU HEJOCTATOUHO MCIIONIb3YIOTCS TS PELICHNUs 3a1a4
yIpaBIeHUS] PUCKaMHU IS 3J0POBbsI HACETICHHUSI.

KiaroueBble ciaoBa: armochepHbId  BO31yX; B3BemieHHble vactunbl; PMas; PMug;
TOKCHKOJIOTHYECKasi OIICHKa; HOPMUPOBAHUE; PUCKH JJISI 3I0POBBSI.
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