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Observing of air quality in cities of Central Kazakhstan

The problem of air quality occupies a special place among the problems of environmental protection. This is
due primarily to the vital need for atmospheric air for all life on Earth, and the influence of the state of the
atmosphere on global climatic processes and the biosphere as a whole due to the enormous mobility of air
masses with which harmful impurities can be transported. These issues are especially relevant for the old in-
dustrial regions, where the level of anthropogenic impact has reached a critical value, one of these regions is
central Kazakhstan. This article has collected data for the last 3.5 years, particalary the quantitative content of
the main pollutants, from suspended particles (PM-10 and smaller) to various chemical compounds such as
carbon dioxide or nitric oxide. Observation of atmospheric air by government is an integral part of the Uni-
fied State System for Monitoring the Environment and Natural Resources and is carried out in accordance
with the legislation of the Republic of Kazakhstan in the field of environmental protection.

Keywords: ultrafine particles matters, maximum permissible concentration, atmospheric pollution index,
standard index, highest repeatability, high pollution, extremely high pollution, solid particles, World Health
Organization.

Introduction

According to the law of the Republic of Kazakhstan «On the protection of the health of the people in
the Republic of Kazakhstany in the definition of «environment» atmospheric air, drinking water and soil are
noted as environmental elements that have or, under certain conditions, can have an effect (positive or nega-
tive) on the health of the population [1].

In recent decades, significant progress has been made in medical science in studying the biological role
of the chemical composition of air and its possible impact on the body and public health. However, the data
is often controversial. Thus, studies of air pollution on the development of various pathologies gave conflict-
ing results [2].

The effect of polluted air on human health has long been beyond doubt [2]. But the pollution entering
the atmosphere certainly gets into the water, soil, plants, meat of domestic animals. As a result, a person suf-
fers, because along these biological chains the chemical elements of all media will still affect his health [3].

According to estimates of the World Health Organization in 2014, air pollution every year leads to
premature death of about 7 million people worldwide [4]. Studies published in March 2019 showed that their
number could be about 8.8 million [5].

The degree of air pollution by an impurity is estimated by comparing the concentration of impurities
with MPC (in mg/m’, pg/m’). MPC — maximum permissible impurity concentration. To assess the level of
air pollution per month, two indicators of air quality are used [6]:

— Standard Index (SI) — the largest measured in the city maximum single concentration of any

pollutant, divided by MPC.

— The greatest repeatability; (NP),%, MPC excess — the highest repeatability of MPC excess by any
pollutant in the air of the city.

— Atmospheric Pollution Index (IZA) is an indicator of air pollution. For its calculation, the average
concentrations of various pollutants are used, divided by MPC and reduced to the harmfulness of
sulfur dioxide. The degree of air pollution is characterized by four standard gradations of indicators
SI, NP and IZA. If IZA, SI and NP fall into different gradations, then the degree of air pollution is
estimated by IZA [7].

The aim of our study was to study the dynamics of atmospheric air pollution in industrial cities of
Central Kazakhstan. We have analyzed the data for the last 3.5 years collected [8—15] at stationary posts by
specialized units of the RSE «Kazhydromet».As a result of this period of time, 7004 cases of airborne dis-
eases and 906 cases of EHP were recorded throughout Kazakhstan, of which 340 cases of airborne diseases
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and 7 EHP’s were registered in the cities of the Karaganda region mainly: Balkhash, Temirtau, Karaganda,
however, these isolated cases cannot provide full pictures, therefore, for its compilation, data were used on
the excess of MCP for specific pollutants, and standard indicators of air quality [6].

After monitoring atmospheric pollution in the city of Nur-Sultan, [8§—11] collected at stationary posts by
specialized units of the RSE «Kazhydromet» for 20162019, the data are shown in Table 1.

Table 1
Indices of atmospheric air of the city of Nur-Sultan
Main Number of cases of exceeding the MPC>1

1ZA SI HR | pollution | PM<2.5 |PM-2.5| PM-10 | SO, NO, NO HF CO

2016 7 8 52% NO, 997 35 1048 1323 626 3 78 48

2017 6 9 27 % NO, 548 251 143 50 738 54 102

2018 7 17 0% NO, 1228 923 397 378 627 56 26 289
PM<2.5
PM-2.5

2019 1 1 0% HF 350 2276 710 291 302 70 277

As can be seen from Table 1, the main sources of pollution of the city of Nur-Sultan are suspended
UDM especially PM-2.5, as well as nitrogen dioxide. The main sources of anthropogenic formations of these
contaminants are smoke and soot generated mainly during the combustion of solid and liquid hydrocarbons
(For example: heating houses, generating electricity, working engines of cars, ships and aircraft). As you
know, the NO, air pollutant acts in several interconnected ways [7]:

— If the concentration level of 200 pg/m’ is briefly exceeded, 3 nitrogen dioxide is a toxic gas that caus-

es severe airway inflammation [5].

— NO, is the main source of nitrate aerosols that form one of the main fractions of PM2.5, and ozone in

the presence of ultraviolet light.

Epidemiological studies have shown that symptoms of bronchitis in children with asthma are exacerbat-
ed by prolonged exposure to NO, [3]. Decreased lung function is also associated with NO, exposure at cur-
rent levels recorded (or observed) in many cities.

In contrast to the capital, the cities of the Karaganda region are formed by large enterprises of heavy in-
dustry, for example, the Balkhash «Non-Ferrous Metals Processing Plant» or «Zhezkazgantsvetmet», and
given the growing amount of motor transport combined with the continued use of thermal power plants, the
anthropogenic impact in this region is much more pronounced, this is reflected in the annual report since in
the cities of this region a greater number of pollutants (phenol, ammonia, hydrogen sulfide) are recorded, and
the number of UDM is many times greater.

After monitoring the atmospheric air pollution in the city of Karaganda [12—15], collected at stationary
posts by specialized units of the RSE «Kazhydromet» for 2016-2019, the data are shown in Table 2.

Table 2
Indices of atmospheric air of the city of Karaganda
1zAl s1 | HR Main Number of cases of exceeding the MPC>1

pollution |PM<2.5| PM-2.5 | PM-10 | SO, | CO | NO, 0Os H,S |Phenol| NH;j
2016 | 8 |21 |17% | PM-2.5 10 5313 2149 1778 | 151 266 30 93 2
2017 | 8 | 16 PM-2.5 16 7378 3105 642 | 444 9 29 96
2018 10 | 21 |31 % | PM-2.5 90 9928 5333 7 14179 11 316 61 3

Methane

CO

20191 9 |20 PM-2.5 34 3697 1766 186 12 969 99 1

As can be seen from the statistics presented in table 2, the main type of pollutant is UDM, in particular
RM-2.5, and carbon monoxide. PM concentration is a frequently used indirect indicator of air pollution.
They have a negative effect on more people [4] than any other air pollutant. The main components of PM are
sulfates, nitrates, ammonia, sodium chloride, soot, mineral dust and water. They consist of a complex mix-
ture of solid and liquid organic and inorganic substances present in suspension in the air. Particles with a di-
ameter of less than 10 microns (< PM10) are able to penetrate deep into the lungs and precipitate in them.
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Particles with a diameter of less than 2.5 microns (< PM2.5) have even more devastating health effects. They
can cross the airborne barrier and enter the circulatory system. Chronic exposure to particulate matter aggra-
vates the risk of developing cardiovascular, respiratory, and oncological diseases.

After monitoring the air pollution in the city of Balkhash [16—19], collected at stationary posts by spe-
cialized units of the RSE «Kazhydromet» for 2016-2019, the data are shown in Table 3.

Table 3
Indices of atmospheric air of the city of Balkhash
za | s1 | mR Main Number of cases of exceeding the MPC>1
pollutin | PM<2.5 |[PM-2.5| PM-10 SO, CcO NO, 0, H,S
2016 7 24 | 3% SO, 47 372 146 558 5 13 227
2017 6 20 SO,, H,S 73 428 45 35 554
2018 7 23 SO,, H,S 69 480 89 3 1 564
2019 8 | 2% SO, 8 40 10 120 2 8 57

Based on the data presented in Table 3, it is clearly seen that hydrogen sulfide and sulfur dioxide are the
main pollutants in the city of Balkhash and the adjacent territories, the average annual concentration of these
substances for 3.5 years was SO, — 30 ug/m’, and for H,S — 1 pg/m’. However, it is worth noting that the
number of cases exceeding the maximum permissible concentrations of 5 and 10 times for the studied period
of time was 115 times for SO, (MCP > 5), and for 80 H,S, (MCP > 5) — 30 cases, (MCP > 10) — 30 cases
[12—15]. The above values indicate that on the territory of the city of Balkhash there is a constant local
source of emissions of pollutants, and quite strong.

The state of the environment in general, and the composition of air, water, and soil, in particular, are
undoubtedly influenced by human activity, which often causes anthropogenic pollution. The activities of in-
dustrial complexes located in the territories of such cities as Karaganda, Balkhash, Zhezkazgan, Temirtau are
a gross interference in the natural ecosystem, which leads to significant changes in environmental factors,
and, therefore, affects the state of public health. Air intake directly into the human body is inevitable under
all conditions. Therefore, the composition of atmospheric air, its purity, and the content of certain chemical
elements in it are the main ones in assessing the environment.

Also, after monitoring atmospheric pollution in Zhezkazgan [20-23], collected at stationary posts by
specialized units of the RSE «Kazhydromet» for 2016-2019, the data are shown in Table 4.

Table 4
Indices of atmospheric air of the city of Zhezkazgan
zal st | HR Main Number of cases of exceeding the MPC>1
pollution | PM<2.5 | PM-2.5 | PM-10 | SO, | CO | NO, | O; | H,S |Phenol| NH;
2016 | 7 | 10 |17% | H,S 107 21 109 45 29 7 184 | 693 | 270
20171 8 | 9 |31%]| H,S 255 67 122 90 26 5 2689 | 505 1
2018 | 7 19,6 H,S 343 58 31 21 8506 | 343
2019 7,8 129% | H,S 230 2 6 481 167

As can be seen from the data presented in Table 4, it is noticeable that hydrogen sulfide is the main
health hazard for residents of Zhezkazgan. The excess cases (MPC >5) amounted to 891 cases, and
(MPC > 10) — 15 cases, the average annual concentration was 5.75 pg/m’, which is approximately 3.5 times
less than the permissible norm [1], but do not forget that hydrogen sulfide very toxic: acute human poisoning
occurs already at concentrations of 20-30 pg/m’, a concentration above 100 pg/m’ is fatal, with chronic in-
toxication a mutagenic and teratogenic effect is observed.

It is known that Temirtau [23—27] has perhaps one of the worst environmental conditions in our Repub-
lic, this is due primarily to the presence of large coke and chemical plants and ferrous metallurgy and steel
smelting, as well as the presence of a number of coal mines.

After monitoring atmospheric pollution in Temirtau, collected at stationary posts by specialized units of
the RSE «Kazhydromet» for 20162019, the data are shown in Table 5.

24 BecTHuk KaparaHgmHckoro yHusepcurteTa



Observing of air quality in cities of Central Kazakhstan

Table 5
Indices of atmospheric air of the Temirtau city
IZA SI HR Main Number of cases of exceeding the MPC>1

pollution PM<2.5 | NO | SO, CO NO, H,S Phenol NH;3
2016 8 11 27% | SO,, NO, 114 176 | 2060 | 106 | 2036 | 1557 593 26
2017 8 12 SO,, H,S 296 3 1604 | 201 561 2444 451 47
2018 8 13,5 SO,, NO, 169 92 | 1858 | 137 | 1693 | 1302 594 31
2019 12 SO,, NO, 450 67 | 1479 15 3749 | 1276 422 1

As can be seen from Table 5 in Temirtau, in contrast to the above cities, there are more stable pollutants
whose emissions exceed the PCD by 5 times: SO, — 175 cases, NO, — 816 cases, H,S — 180 cases, it is
also worth considering cases of exceeding the PCD by 10 times: SO, — 1 case, NO, — 64 H,S — 9 cases.
The average annual concentrations for 3.5 years according to these pollutants were: SO, — 54.25 pg/m’,
NO, — 37.75 pg/m’, H,S — 22.5 pg/m’ [12—-15].

According to the data published annually by the specialized units of the RSE «Kazhydromet» [6, 10] on
environmental monitoring, all the cities studied in the period from 2016 to 2019 had a high level of pollution.
Such a level of air pollution in settlements is caused by such pollutants as: nitrogen dioxide, carbon monox-
ide, sulfur dioxide, formaldehyde, hydrogen sulfide, suspended solids, phenol, ammonia is caused by:

— The load of roads by urban transport — the multicomponent exhaust emissions of gasoline and diesel
fuel of vehicles is one of the main sources of air pollution of settlements with nitrogen dioxide, car-
bon monoxide, organic substances, etc., and high congestion of roads even in cities with good ventila-
tion leads to accumulation harmful impurities in the atmosphere.

— The dispersion of emissions from industrial enterprises — the result of production processes during
the combustion of industrial products is the entire list of harmful substances that cause high levels of
air pollution. Their dispersal in the air basin over the territory of settlements significantly affects the
air quality of cities, suburbs and villages.

— Low ventilation of the atmospheric space of settlements — airborne pollutants accumulate in the sur-
face layer of the atmosphere, and their concentration remains at a very high level.

In this article, we would like to emphasize that the untimely transition of energy and heavy industry en-
terprises to more environmentally friendly raw materials and methods of processing them, as well as the
technological backwardness of the Kazakhstan car fleet and the low level of «awareness» by the population
of their own impact on the environment, can comprehensively irreparably worsen the ecological situation in
our country and neighboring regions.
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b.K. )Kymamues, P.P. belicenoBa, M.P. Xautypun, K.A. )Kymamesa

OpTaJILIK Ka3aKCTaH KajJlaJapblHAAFbI
aTMOC(l)epaJILIK aya cannacCbIHbIH MOHI/ITOPI/IHI‘i

Kopraran opTaHbl KOpFay Maceseci apachlHIa aya CalachIHBIH OPBIHBI €peKile. Bysl eH aiibIMeH, xep
Oerinmeri OapibIK TIPIIUTIK Melepi YOIH aTrMocdepasblk ayaHBIH OMIpIIK KaKeTTLIr XKoHe 3USHIBI
KOCIanap TachIMAIAWTBIH aya MacCalapblHbIH OpacaH KO3FAIFBIITHIFBIHA JKOHE FalaMIbIK KIHMATThIK
MIpoLeCTepAiH ayara BIKHaJIbl MeH Onocdepara OaimaHbIcThl. By Macenenep aHTPOIOTEHIIK acep €Ty
JICHT el CBIHM TOpEeKeTre XKEeTKeH eCKi OHepKACINTIK OHIpIIep YIIiH epeKIIe 03eKTi OB caHaaabl, OCHIHAAN
eHipiaepain 0ipi Opransik Kasakcran Gospin Tabbuiazbl. Makaiaza COHFbI 3,5 JKbUIIAFbl IepeKTep, aTamn
aliTKaH/aa, KeMIPKBIIIKBUT I'a3bl HEMECe a30T OKCHUII CUAKTHI eieHreH OemmekrepaeH (TU-10 xone onan na
KOIl YCaK) OpTYpPJl XMMHUSUIBIK KOCBUIBICTApFa [EWiHri Heri3ri JlacTaylibl 3aTTapblH CaHIBIK Kypambl
JKMHAKTaJIFaH. ATMOC(EepabIK ayaHbIH Kail-KyiiH OaKpuiay MEMIICKETTIK OpraHIapIblH KOpIIaFaH opTa MeH
TaOUFH pecypcTap >kai-KyHi MOHHUTOpHHII OipbIHFali MEMIICKETTIK >XYHEHIH axbIpamac Oeriri OoJbIm
tabbutaznel koHe Kaszakcran PecmyGmmkacembsiy Kopimaran opTaHel KOpray caslaChIHAAFBl 3aHHAMAachIHA
colfkec )Ky3ere achIpbIIabl.

Kinm ce30ep: ynpTpamucnepcTsl OeJIIeKTep, NOLTIOTaHT, MEKTi pyKcaT eTUIreH KOHIEHTpamys, aTMocdepa
JaCTaHYBIHBIH MHJEKCI, CTAHIAPTThl MHIEKC, XOFapbl KaiTalaHyLIbUIBIK, )KOFapbl JIACTAHY, SKCTPEMAabIbl
JKOFapHl JlacTaHy, KaTTbl Oemmexrep, AJCY.
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b.K. Xymames, P.P. belicenoBa, M.P. Xautypun, K.A. )Kymaiiena

MOHUTOPHHTI Ka4eCcTBAa aTMOC(epHOro Bo3xyxa ropoaos
HenTpansnoro Kazaxcrana

IIpoGnema xagecTBa aTMOC(HEPHOTO BO3yXa 3aHUMAET 0c000€ MECTO Cpely MpobIIeM OXpaHbl OKPYKaIoIeH
HPHUPOJHOHN cpeibl. ITO 00YCIIOBICHO, IIPEXAE BCETO, MU3HCHHOH HE0OX0IMMOCThIO aTMOC(HEPHOTO BO3yXa
JUIsL BCETO JKMBOTO HA 3eMJIC M BIUSHUEM COCTOSHUS aTMOcdepsl Ha I100albHbIe KIMMAaTHYECKHUE ITPOLIECCHI
u Grocdepy B LIEIOM 32 CHET OTPOMHON TOJBHXHOCTH BO3YLIHBIX MAccC, ¢ KOTOPBIMU MOTYT NEPEHOCUTBCS
BpeaHble puMec. OCOOEHHO aKTyallbHbI 3TH BOIIPOCHI AJS CTApOIPOMBIIITIEHHBIX PETHOHOB, € YPOBEHb
AQHTPOIIOICHHOI'O BO3JECHCTBUS JOCTUI KPUTHYECKOH BEIMYMHBI, OJHUM M3 TAaKUX PETUOHOB SIBIIETCS
Hentpambueni Kazaxcran. B cratbe coOpansl naHHBIE 3a nocieqHue 4 rofa, a UMEHHO: KOJIMYECTBEHHOE
coflepXaHNe OCHOBHBIX 3arpsi3HHUTeNed (0T B3BemIaHHBIX dacTHI [PM-10 n Gonee Menkue] 10 pa3IHIHBIX
XUMHYECKUX COEAMHEHHH, TaKMX KaK AMOKCH] yIJIepoJa WIM OKCHI a30Ta). CTeneHb 3arps3HEHHsT aTMO-
chepHOro BO3ZyXa HPMMECAMH OLEHHBANACH P CPABHEHHM KOHIEHTpaluu mpumeceii ¢ IIJIK (B mr/m’,
MKr/M°). Pernon LlenTpansroro Kasaxcrana 611 BEIGPaH He CITydaifHO, TaK KAK €ro KaxIblil KpYITHBIA TOPO
MpeCTaBICH OAHUM MM HECKONBKUMU MPEANPHUITUSIMY TSHKENON MPOMBIIITIEHHOCTH.

Kniouesvie cnoga: ymbTpagnucClepCHbIE YaCTHIBI, MOJIIOTAHT, MPEAEIbHO AOMYCTHMAas KOHIEHTpPAIHs, WH-
JIeKC 3arpsisHeHHs1 aTMoc(ephl, CTaHAAPTHBIA WHIEKC, HAanOOIbIIas TIOBTOPIEMOCTh, BBICOKOE 3arpsi3HEHHE,
SKCTpEMajbHO BBICOKOE 3arps3HeHue, TBEpble yactulbl, BO3.
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