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Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamelell, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus eeonoecuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmsa.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
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FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHUKa FRUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA
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THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2
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CHOY [Ipuuen, Ph.D, kaybiMaacteipbutran npogeccop, Hebpacka yuuBepcuteTinid Cy FhUIBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
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OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMAAPLIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

CATYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcureti (Hyp-
Cyurran, Kazakcran) H =11

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHasg KodJgerus:

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
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CHOY Jpuuen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOTHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX CKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKNX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®dpannus) H=15
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OUIIEP Axkceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [pesneH
(dpesnen, bepnun) H=6

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
Bepnmun) H = 20
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UDC 911.3:61
K.A. Battakova*, A.A. Saipov

L.N. Gumilyov Eurasian National University, Astana, Kazakhstan.
E-mail: kamila3.08@mail.ru

THE INFLUENCE OF ATMOSPHERIC AIR POLLUTION ON THE
GEOGRAPHY OF PROFESSIONAL HEALTH

Abstract. This article examines the levels of emissions of pollutants into the
atmospheric air by regions of the Republic of Kazakhstan and the results of
studying the features of occupational morbidity of the population living in various
geographical conditions of the Republic of Kazakhstan for the period 2011-
2020. The greatest differences were noted in relation to the morbidity of Central
Kazakhstan with the harmful effects of potential production factors of industrial
enterprises of the Karaganda region, the article presents specially created maps
of the morbidity of the population and emissions of the Karaganda region.
During the study, a statistically significant positive correlation was established
between the number of patients and the level of emissions of pollutants into the
atmospheric air in the Akmola region (rxy=0,674; p=0, 007) and Aktobe region
(rxy=0,6l 1; p=0, 022), this confirms the negative impact of environmental factors
on the health of the population living in an industrial area.

Key words: atmospheric air, pollutants, production factors, environmental
factors, industrial enterprises, geography of occupational health, Central
Kazakhstan.
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K.A. barrakoBa*, A.A. CannoB

JI.H. T'ymunes arbingarbl Eypa3ust yiITThIK yHHBEpCHUTETI, AcTana, KazakcraH.
E-mail: kamila3.08@mail.ru

ATMOC®EPAJIBIK AYAHDBIH JIACTAHYBIHbIH KOCIBH
JAEHCAVJIBIK 'TEOT'PA®USACBIHA 9CEPI

Annoramusi. byn wmakanmana Kazakcran PecnyOnmkachiHBIH aiiMaKTapbl
OoiibIHIIa aTMOc(epalblK ayara JacTayIIbl 3aTTapAblH HIBIFAPBIHIBUIAPBIHBIH
nenreinepi 3eprreneai xone 2011-2020 >xeumapra apHanran Kasakcran
PecnyOnukacbIHBIH SpTYpIti reorpadusiIbIK JKaF JaiiiapbIH/a TYPAThIH XaIbIKThIH
KOCINTIK aypylIaHIbIK CUIIaTTaMaIapblH 3€pTTey HOTHXKeJepl KapacThIPbLIa bl
Kaparanzibl OOJBICBIHBIH ©HEPKACINTIK KOCIMOPBIHAAPBIHBIH MOTEHIUAIIbI
OHJIIPICTIK (QaKTOpIapbIHBIH 3UAHIbBI acepiepiMeH Oprtanbik KaszakcTanmars
aypy JeHreiiHe KaThICTHI €H YJIKEH aibIpMalIbUIBIKTap aHBIKTAII6I. Makantana
Kaparanapl oONBICBIHBIH aliMakTapbl YIIIH apHaibl KacalfaH aypyIIaHIbIK
’KOHE HIBIFAPBIH/BUIAD KapTajlapbl YCHIHBUIFAH. 3epTTey OapbIchiHAa AKMOIna
0OJIBICHIHIA (rxy=0,674; p=0, 007) >xone AxTeOe OOIBICHIHIA (rxy20,611; p=0,
022) nmaykacTtapAblH CaHbl MEH arMocdepasblK ayara JIacTayllbl 3aTTapblH
IIBIFAPBIHIBUIAPBIHBIH JICHIeHl apachlHIa CTAaTUCTUKAJIBIK MaHBI3IbI OH KOp-
peIsuUs aHbIKTaJIbl, OYJT OHEPKACINTIK ayJaHIa TYpaThlH XaJIbIKTBIH JEHCay-
JBIFBIHA KOpIIaFraH opTa (GaKTOpIapbIHBIH TEPIC 9CEPIH pacTaiabl.

Tyiiin ce3nep: armocdepalbIk aya, JacTayIibl 3aTTap, OHAIPICTIK pakTopiap,
KOplIaraH opTa (pakroprapbl, ©HAIPICTIK KOCINOPBIHAAP, €HOEK TMTMEHACHIHBIH
reorpadusicel, Opransik Kazakcran.

K.A. BarrakoBa*, A.A. Caunosn

EBpazniicknii HanmonaneHeiit Yausepcutet umenu JI.H. ['ymunesa,
Acrana, Kazaxcras.
E-mail: kamila3.08@mail.ru

BJIUAHUE 3AT'PASHEHUA ATMOC®EPHOTI'O BO31YXA HA
I'EOTI'PA®UIO ITPOPECCHOHAJIBHOI'O 31OPOBbSA

AHHoTauus. B 3T0if craTbe uccnenyoTcs ypoBHU BEIOPOCOB 3arps3HSIOLINX
BEIIECTB B aTMOc(hepHBIN BO3ayX 1o peruoHam PecmybOmuku Kaszaxcran u pac-
CMOTpPEHBI PE3YNbTaThl U3YUYeHHs] 0COOEHHOCTeH mpodeccruonanbHON 3abo0se-
BAaCMOCTH HACEJICHHUS, TPOXKUBAIOIIETO B PA3IMYHBIX TeorpaduyecKux ycio-
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Busx PK 3a 2011-2020 romel. Haumbomnbime pa3nuuusi OTMEYEHBI B OTHO-
mennn 3aboneBaemoctu LlenTpansHoro Kazaxcrana ¢ BpeAHbIM BO3CHCTBHEM
MOTEHLUATIBHBIX MPOU3BOICTBEHHBIX (HaKTOPOB MPOMBIIUICHHBIX MPEANPUATHIHA
Kaparanaunckoii o0actu, BcTaTbe MpeicTaBIeHbI CIEIIHAIbHO CO3JaHHBIC KAPTHI
3a0011€Ba€MOCTH M BBIOPOCOB 110 pernoHaMm Kaparanauackoi obmactu. B xome
uccleoBaHus Obljla YCTAHOBJIEHA CTAaTUCTUYECKU 3HAYMMas IMOJIOKUTENbHAs
KOPpEJSAIMOHHAs CBSI3b MEXKY KOJMYECTBOM OOJIBHBIX U YPOBHEM BHIOPOCOB
3arpsI3HSAOLIMX BELIECTB B aTMOCQEpPHBI BO3AyX B AKMOJIMHCKON o0iactu
(rxy=0,674; p=0, 007) u AxTIOOMHCKOH OOIacTH (rxy=0,6ll; p=0, 022), gro
MOJITBEPKIACT HETAaTUBHOE BO3/IEHCTBHE IKOJIOTHIECKUX (PaKTOPOB HA 37I0POBHE
HACEeJICHHUs, TPOKMUBAIOIINX HA TPOMBIIINIEHHON TEPPUTOPUH.

KuroueBslie cjioBa: arMocepHBIi BO3TYX, 3arPS3HUTEIH, IPOU3BOICTBEHHBIC
(hakTophl, FKOIOTHUECcKHe (DaKTOPHI, TPOMBIIUICHHBIE IPEANPUITHS, Teorpadus
npodeccruoHanbHOTo 310poBbs, LlenTpanbubiii Kazaxcran.

Introduction. Sustainable development can be defined as development
of society, in which human living conditions improve, and the impact on the
environment remains within the economic capacity of the biosphere, so that
the natural basis of the functioning of humanity is not destroyed. It is assumed
that with sustainable development, satisfaction of needs is carried out without
prejudice to future generations, environmental protection becomes an integral
component of the development process (Snakin V.V., 2018; Tishkov A.A. et al.,
2012). The UN Summit adopted 17 goals for the transformation of our world,
193 countries of the world are directing efforts to eliminate poverty, increase
economic growth, address a number of issues in the field of education, health,
social protection, employment, as well as the fight against climate change and
environmental protection (Sachs, J. Et al., 2020). Currently, climate change
has become one of the global problems around the world, resulting in increased
emissions of greenhouse gases such as carbon dioxide, nitrogen oxide, methane
and other air pollutants, as well as water scarcity, loss of biodiversity and natural
disasters, all this requires effective tools for landscape research, search for new
models of analysis and forecasting in geographical ecology, these issues were
discussed within the framework of the draft resolution of the 66th session of
the UN General Assembly and the United Nations Conference on Sustainable
Development in 2012. Although natural cycles and fluctuations have caused
changes in the Earth's climate several times over the past 800,000 years, our
current era of global warming is directly related to human activity, in particular,
with our burning of fossil fuels such as coal, oil, gasoline, natural gas, which
leads to a greenhouse effect. In the US, the largest source of greenhouse gases
is transportation (29%), followed by electricity generation (28%) and industrial
activity (22%) (Chris Lafakis et al., 2019; Berrang-Ford L et al., 2021). At the
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same time, the content of fine particulate matter and other pollutants in the
atmospheric air are the leading environmental risk factors for the Global Burden
of Disease (Veronica A Southerland et al., 2022; Murray CJL et al., 2020).
Epidemiological cohort studies reveal a link between long-term exposure to
air pollution and mortality rates (Beelen R et al., 2014; Carey IM et al., 2013;
Cesaroni G et al., 2013; Di Q et al., 2017; Fischer PH et al., 2015; Hanigan IC et
al., 2019; Pappin AJ et al., 2019; Raaschou-Nielsen O et al., 2020).

Materials and methods. The work is based on the materials of medical
statistics of the Republic of Kazakhstan on demography and morbidity of the
adult population, Statistical collections of the Ministry of Health of the Republic
of Kazakhstan "The health of the population of the Republic of Kazakhstan and
the activities of healthcare organizations", Institute of Public and Occupational
Health of the NP JSC "Medical University of Karaganda", National Reports of
the Ministry of Ecology, Geology and Natural Resources of the Republic of
Kazakhstan "On the state of the Environment and on the use of Natural Resources
of the Republic of Kazakhstan", official data of the Bureau of National Statistics,
RSE "Information and Analytical Center for Environmental Protection", as
well as information from local executive bodies, public associations, non-
governmental and international organizations.

These materials contain information for the period from 2011 to 2020 on the
state of health and the quality of the environment, the state of natural resources
and protected natural areas, as well as trends in their changes. Here represented
the most acute environmental problems, measures of state regulation of nature
management, their effectiveness, that allow us to trace the consequences of the
influence of anthropogenic factors on the state of ecosystems. Atmospheric air
indicators are formed in accordance with the "Methodology for the formation
of environmental statistics indicators", approved by the Order of the Acting
Chairman of the Committee on Statistics of the Ministry of National Economy
of the Republic of Kazakhstan dated December 25, 2015 No. 223.

There was applied a method of mapping using GIS technologies, with the help
of which were created special maps in the geoinformation program ArcGIS. Maps
are the main way of research in geographical science, represent a critical context,
serve for the analysis and monitoring of objects, processes and phenomena.

To identify statistical differences and determine the degree of interrelationships
between the relative movements of the two variables in groups, the correlation
coefficient (r) was calculated, the reliability of differences among unrelated
samples was evaluated by the t-criterion (Student). The results were processed
using an application software package Statistica 5.5.

The dependence of the pollution level on the selected period was studied
using the Kendall Tay-b correlation coefficient (r ), the values of p < 0.05 were
statistically significant.
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Study design: we conducted a retrospective cohort study to understand the
prevalence of professional morbidity, its causes and prognoses. The aim is to
assess the impact of emissions of pollutants into the atmospheric air on the health
of the working population.

Results and discussion. Emissions of pollutants have an impact on the quality
of atmospheric air, while increased air pollution negatively affects human health
and the sustainability of ecosystems. A significant part of the population lives in
the zone of direct influence of harmful production factors, the main of which are
emissions of pollutants into the atmospheric air. During the study period from
2010 to 2020, emissions of pollutants into the atmospheric air from stationary
sources amounted to: 2,226.5 thousand tons in 2010, 2,346.2 thousand tons in
2011, 2,384.3 thousand tons in 2012, 2,282.7 thousand tons in 2013, 2,256.7
thousand tons in 2014, 2,179.7 thousand tons in 2015, 2,271.6 thousand tons
in 2016, 2,357.8 thousand tons in 2017, 2,446,7 thousand tons in 2018, 2,483,1
thousand tons in 2019, 2,441 thousand tons in 2020.

The main volumes of pollutants show significant differences between the
regions of the Republic of Kazakhstan, while over the 10-year observed period,
consistently higher levels were formed in the territories of the Karaganda region,
the indicator of emissions into the atmosphere amounted to: 661.2 thousand
tons in 2010, 691.3 thousand tons in 2011, 641.4 thousand tons in 2012, 572.6
thousand tons in 2013, 603.6 thousand tons in 2014, 596.4 thousand tons in 2015,
593.0 thousand tons in 2016, 598.7 thousand tons in 2017, 587.5 thousand tons
in in 2018, 641.3 thousand tons in 2019, 627.7 thousand tons in 2020 (Figure
1-2, Table 1). Also, the highest indicators were noted in the Pavlodar region, East
Kazakhstan region, Aktobe region, Atyrau region, due to the large concentration
of industrial enterprises in these areas.
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Figure 1 - Emissions of pollutants into the atmospheric air from stationary sources by regions
for 2010-2020, thousand tons
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Figure 2 - Map of emissions of pollutants into the atmospheric air, Karaganda region

The main substances polluting the atmospheric air in the Republic of
Kazakhstan were: sulfur dioxide amounted to 723.6 thousand tons in 2010, 774.2
thousand tons in 2011, 769.6 thousand tons in 2012, 729.2 thousand tons in
2013, 729.1 thousand tons in 2014, 710.6 thousand tons in 2015, 767.5 thousand
tons in 2016, 786.4 thousand tons in 2017, 838.314 thousand tons in 2018, 885.7
thousand tons in 2019, 868.1 thousand tons in 2020; carbon monoxide 401.1
thousand tons in 2010, 445.1 thousand tons in 2011, 446.2 thousand tons in
2012, 457.8 thousand tons in 2013, 478.8 thousand tons in 2014, 451.2 thousand
tons in 2015, 473.0 thousand tons in 2016, 491.9 thousand tons in 2017, 476.869
thousand tons tons in 2018, 487.9 thousand tons in 2019, 486.5 thousand tons
in 2020; nitrogen oxide 215.6 thousand tons in 2010, 232.7 thousand tons in
2011, 249.4 thousand tons in 2012, 250.2 thousand tons in 2013, 256.5 thousand
tons in 2014, 243.4 thousand tons in 2015, 246.6 thousand tons in 2016, 264.7
thousand tons in 2017, 272.164 thousand tons tons in 2018, 313.9 thousand tons
in 2019, 311.4 thousand tons in 2020 and others (Table 2).

According to the Bureau of National Statistics of the Republic of Kazakhstan,
about 103 ingredients were found contained in the emissions of stationary and
mobile sources of pollution, including 37 I-II hazard classes. In 2020, the
republic's air basin received such specific pollutants as toluene in the amount
of 2,150.7 tons, copper 424.9 tons, lead and its compounds 369.6 tons, benz(a)
pyrene 50.3 tons, naphthalene 50.1 tons, arsenic 27.3 tons, dichloethane 0.9 tons,
cadmium 0.8 tons, mercury 0.18 tons and others.

The largest amount of ingredients is contained in the emissions of industrial
enterprises located on the territory of Central Kazakhstan, especially in such an
industrially developed regional center as the Karaganda region.
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There was carried out the assessment of occupational morbidity indicators of
the population of the Republic of Kazakhstan for the 10-year observed period
from 2011 to 2020, the level of professional morbidity was: in 2011 - 3439, in
2012 - 3435, in 2013 - 3460, in 2014 - 3430, in 2015 - 3254, in 2016 — 3291, in
2017 -3671,in 2018 - 3659, in 2019 - 2871, in 2020 — 2156 (Figure 3, Table 3).
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Figure 3 - Geography of professional morbidity in the Republic of Kazakhstan

These indicators are much higher among the population living in Central
Kazakhstan, especially in the Karaganda region (44.9%): in 2011 — 1596 people,
in 2012 - 1512,in 2013 - 1611, in 2014 — 1712, in 2015 - 1600, in 2016 - 1678,
in 2017 - 1843, 1in 2018 - 1896, in 2019 - 1518, in 2020 — 1427 (Figure 4).

This pattern is associated with the peculiarities of anthropogenic influence
on the modern geoecological state of the environment of the industrial regional
center, especially in the cities of Karaganda, Temirtau, Satpayev, Balkhash
and others, where the main mining and metallurgical centers of the republic
are located. The large enterprises of JSC ArcelorMittalTemirtau have 15,242
employees in production, among them 2,631 women. At the same time,
13,143 work in harmful conditions, 1,601 of which are women. The number of
employees with suspected professional diseases is 64, the number of employees
with professional diseases is 259, the company operates 19 health centers.
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Figure 4 - Distribution map of patients with professional pathology, Karaganda region

G. Satpayev Kazakhmys Corporation LLP has 10150 employees in production,
among them 1679 women. At the same time, 8514 people work in harmful
conditions, 1237 of which are women. The number of employees with suspected
professional diseases is 497, the number of employees with professional
diseases is 53, 15 health centers are functioning at the enterprise. Zhezkazgan
Kazakhmys Corporation LLP has 9155 employees in production, among them
1806 women. At the same time, 7574 people work in harmful conditions, 1727
of which are women. The number of employees with suspected professional
diseases is 328, the number of employees with professional diseases is 46, there
are 8 health centers in the enterprise. Balkhash Kazakhmys Corporation LLP
has 8664 employees in production, among them 2350 women. At the same
time, 8210 people work in harmful conditions, 2092 of which are women. The
number of employees with suspected professional diseases is 4, the number of
employees with professional diseases is 35, 11 health centers are functioning at
the enterprise.

High rates of professional morbidity in the East Kazakhstan region (33.4%)
were also revealed: in 2011 — 1211 people, in 2012 - 1316, in 2013 - 1289, in
2014 - 1202, in 2015 - 1164, in 2016 - 1116, in 2017 - 1163, in 2018 - 1061,
in 2019 - 772, in 2020 — 619. The basic branch of the economy in the East
Kazakhstan region is non-ferrous metallurgy, the production of polymetallic
ores that contain zinc, lead, copper, precious metals, which puts a strain on the
health of the working population.

The structure of nosologies is dominated by radiculopathy (1766 people -
46.2%), pneumoconiosis (684 people - 17.9%), bilateral sensorineural hearing
loss (344 people — 9.0%), deforming osteoarthritis (300 people - 7.8%), vibration
disease (245 people - 6.4%) and others (Figure 5).
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Figure 5 — The structure of nosologies

The lowest indicators were noted in the Southern territories (Almaty region
(0.03%), Almaty (0.05%), Kyzylorda region 0.06%)) and Northern territories
(North Kazakhstan region (0.08%), Kostanay region (0.12%)).

Next, we conducted a statistical analysis of the data obtained, as a result of
which the following was revealed.

Table 1 - Emissions of air pollutants from stationary sources

Administrative area

o

S = o | e e = |® | | [Tpr,%,|Average r p
— — — — — — — — — — Pl o H Xy
IR & & 8§ |8 |8 |8 |& |& |& |[basic |Tpr%
Republic of 2226,5|2346,2|2384,3 |2282,7 |12256,7 |2179,7 | 2271,6 | 2357,8 | 2446,7 [2483,1 2441 (9,6% 0.9% 0,418 (0,073
Kazakhstan
Akmola region 72,9 |77.8 |105,7 |83,8 |84,6 |856 |945 (86,9 (845 76,7 |[77.3 [6,0% 0,6% 0,018 (0,938
Aktobe region 1253 [119.7 [123,9 [1254 [1218 [1342 [1556 [169,5 [158.1 [136,6 [135.1 [7.8% 0.8% 0,527 0,024
Almaty region 74,7 |734 |642 |684 |51,6 |55 50,3 |434 502 (48,1 [46,3 |-38,0% [-4,7% -0,818 10,000
Atyrau region 978 [107.3 [133,1 [1384 [109,1 [110.6 [167.1 [177 [1723 [1645 [154 [57.5% |4.6% 0,564 0,016
7,0%  |-6,1% 3
‘West Kazakhstan 58,1 |56 62,1 |60,4 |44,7 424 |42,5 [41,5 (482 41,2 30,8 [-47,0% 6,1% 0,673 10,004
Zhambyl region 193 [25  [407 [336 (382 [419 [524 |[519 [52.1 [558 [55 [1850% [11.0%  |0.818 (0,000
Karaganda region |661,2 |691,3 [641,4 |572,6 |603,6 |569,3 |593 598,7 [587,5 |641,3 (6277 |-5,1% -0,5% -0,236 (0,312
Kostanay region  |1145 [109,4 [100.6 [1154 [1038 [91.6 (987 [1148 [124 [130,5 [123.4]7.8% 0.8% 0309 {0,186
Kyzylordaregion |29 [319 [3L1 [313 [308 [3001 [301 [275 [26  [244 [283 [24% [-02% -0,624 0,008
Mangistau 686 758 [642 [775 [883 [725 [658 [626 [655 (645 [72.5 [5.7% 0.6% -0,220 0,349
region
South Kazakhstan [40.7 [47,1 |48,6 [56,3 [59,9 (689 [72 68,2 30,1 33,5 282 [-30,7%  [-3,6% -0,018 (0,938
Pavlodar region 5725 (6322 676 [650.4 [610.2 [552.9 [542.7 [609.8 [709.3 [721,5 [723 [263%  |2.4% 0309 {0,186
North Kazakhstan [77.8 |77 75,7 714 (71,9 (748 [77,7 |764 |755 |747 |75.2 [-3.3% -0,3% -0,236 (0,312
East Kazakhstan  [147 |1472 [140 [1249 [129,6 [127.1 [128,7 [129.3 (1307 1288 [127.2]-13.5% |-1.4% -0,345 (0,139
Nur-Sultan city 56,1 63,5 64,9 60,5 [651 56,3 [61,7 (592 [56,4 |65,1 624 [112% 1,1% 0,110 10,639
Almaty city 11 |16 [121 [124 [435 [39.1 [388 [412 [43  [461 [445 [3045% [150%  |0,782 [0,001

On average, the amount of pollutants during the study period grew at a rate
of 0.9% per year from the initial level of the period (the Average Tpr indicator
% 1is the average growth rate), in general, it has increased by 9.6% over 10 years

(basic Tpr indicator % is the basic growth rate).
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Emission levels have significantly increased in Aktobe, Atyrau, Zhambyl
regions and in Almaty city, Almaty region, West Kazakhstan and Kyzylorda
regions, the level of emissions has significantly decreased.

Table 2 - Emissions of the most common pollutants into the atmosphere
Pollutants Unit (2010|2011 {2012 {2013 {2014 [2015|2016 {2017 {2018 {2019 {2020 |Tpr., |Ave- r, |p
%, rage

basic |Tpr%

Total 5 |2226.5(2346.2(2384.3[2282.7(2256.7 [2179.7[2271.6 |2357.8 [2446.7 |2483.1 (2441 [9.6% |0.9% [0.127 [0.586
[
Of them: e
Sulfur dioxide |2 [7236 [7742 [769.6 [7292 [729.1 [710.6 |767.5 |786.4 [838314]885.7 [868.1 |20.0% |1.8% [0.418 ]0.073
Carbon 2 [401.1 [445.1 (4462 [457.8 [4788 |[451.2 [473 |491.9 [476.869[487.9 [486.5 |21.3% [1.9% [0.527 |0.024
. el
monoxide g
Nitrogen oxides § 215.6 |232.7 2494 (2502 (2565 |243.4 [246.6 |264.7 |272.164(313.9 |311.4 [44.4% [3.7% |0.673 [0.004
Hydrocarbons |(&  [1321 [137.6 [1705 [96.1 62 66.1 |63  [452 [353 [1285 [123.7 [-64% |-0.7% [-0.236(0.312

(without volatile
organic com-

pounds)

Volatile organic 497 [534 [581 |92 1144 [1051 [1004 [872 [91.7 [158.7 [146.2 |194.2%[11.4% [0.527 [0.024
compounds

Ammonia - 22 22 20 |22 (23 (25 |26 |25 25 |22 [0.0% [0.0% [0.447 [0.090
VHF (solid par- - 631.1 |593.8 [551.2 (4942 [466.0 [460.6 |475.7 [508.0 |[507.7 |500.4 |-20.7% |-2.5% |-0.378 [0.128
ticles). of these:

Soot - 9.6 9.0 8.6 8.9 73 8.0 8.7 7.6 6.9 6.6 -31.3% |-4.1% |-0.733 [0.003
Coal ash with a - 477 |353 (186 (144 8.6 8.6 142|135 9.0 7.1 -85.1% [-19.1% |-0.719 [0.004

calcium oxide
content of 35-

40%
Lead ] 644.9 |542.0 |572.4 |699.4 (6363 [224.5 [254.8 |241.5 [390.0 [369.6 |-42.7% |-6.0% [-0.378 [0.128
O
1 - 12 1.3 12 1.2 1.3 6.5 0.9 0.8 0.8 -50.0% [-4.9% |-0.236 [0.360
aamium
~
= . . . . . . . . . . -40.0% (-5.5% |-0. .
ercury Z 0.3 0.2 0.2 0.2 0.2 0.5 0.3 0.2 0.2 0.2 40.0% |-5.5% |-0.155 [0.575
o
T - . R B X X B A B . X 9% 3.6% |-0. .
oppe = 3104 |248.8 |165.9 |162.6 (2545 (217.7 (329 |323 366.2 14249 [36.9% [3.6% 0.022 {0.929
Arsenic = 160.8 |101.3 |121.8 |87.7 405 (134 |79 41.6 13.8 (273 -83.0% [-17.9% |-0.600 [0.016
Toluene = 1334.2|1688.8 [1761.4 |2075.9 [2174.1|1941.7 [2354.9 |12339.6 |2178.5 [2150.7 |61.2% |5.4% [0.600 |0.016
Benz(a)pyrene = 127 1171 352 |23.2 49.6 [22.8 |24.7 (279 57.8 50.3 296.1%(16.5% (0.600 (0.016
Naphthalene - 68.7 169.1 |51.6 |54.9 545 562 |58.7 |61.2 61.0 |50.1 -27.1% [-3.4% |-0.111 |0.655
- . . . A . . . . . . -99.8% (-50.6% |-0. .
ichloroethane 510.2 |201.1 0.0 0.1 1.2 1.2 1.1 1.1 33 0.9 99.8% |[-50.6% |-0.205 [0.417
Acetone - 156.3 1204.6 |248.5 |686.8 [331.7 |301.3 |- - - - 92.8% [14.0% |0.600 |0.091

On average, the amount of pollutants during the study period grew at a rate
of 0.9% per year from the initial level of the period (the Average Tpr indicator.
% is the average growth rate), in general, it has increased by 9.6% over 10 years
(basic Tpr indicator % is the basic growth rate). Statistically significant increases
occurred in the levels of pollution of carbon monoxide, nitrogen oxides, volatile
organic compounds, toluene, benz(a)pyrene. Levels of pollution with soot,
coal ash with a calcium oxide content of 35-40% and arsenic, on the contrary,
significantly decreased.

The dependence of the pollution level on the given period was studied using
the Kendall Tay-b correlation coefficient (rxy), the values of p < 0.05 were
statistically significant.
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Table 3 - Report by regions for 2011-2020. Professional morbidity

Regions of the Republic|2011 2012|2013 2014|2015 2016 |2017|2018|2019 |2020 |r p

of Kazakhstan

Nur-Sultan city 10 (10 |12 |11 |10 |9 17 (19 |15 |10 |-0,409 |0,241
Almaty city 2 1 2 - 1 2 5 2 1 2 0,176 10,650
Almaty region 2 1 - 2 - - - 1 1 3 -0,112 0,832
Almola region 21 |41 |22 |39 |38 |28 31 [26 |21 |19 0,674 0,007
Aktobe region 129 (139 |165 (143 [160 |158 |189 [163 |[168 0,611 {0,022
Atyrau region 13 (11 |11 |9 10 |10 4 7 4 - -0,493 10,072
East Kazakhstan 1211 1316|1289 [1202{1164 |1116 |1163|1061 [772 |619 0,200 [0,421
Zhambyl region 215 |198 |188 177 |165 |172 |238 |244 (215 (60 |-0,090 |0,719
West Kazakhstan 35 25 |6 19 |3 11 9 10 |10 0,310 10,249
Karaganda region 1596 [1512]1611 [1712]1600 |1678 1843|1896 [1518 |1427 |-0,289 [0,245
Kostanay region 10 |5 10 |6 - 4 1 2 1 - -0,148 10,615
Kyzylorda region 1 1 1 - 10 |1 - 5 1 2 -0,318 10,312
Mangistau region 8 4 4 2 2 4 - 2 2 1 0,000 |1,000
Pavlodar region 10 |10 |8 12 |8 9 7 10 (9 6 -0,094 10,714
North Kazakhstan 3 4 4 4 3 2 3 3 - 1 -0,417 10,145
South Kazakhstan 176 |151 |127 |92 |80 |87 161 |36 |62 |1 0,111 0,655
(Shymkent city from

2018)

Turkestan region 13 |71 |5

Total 3439(3435|3460 |3430(3254 (3291 (3671|3659 (2871 (2156 |0,067 0,788

The results obtained allow us to establish that a statistically significant positive
correlation was found between the number of patients and the level of emissions
in the Akmola and Aktobe regions (Kendall's Tay-b (rxy), p<0.05 values were
statistically significant). (Figure 6-7).
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Figure 6 - Correlation between the number of patients with professional diseases and the
level of emissions in the Akmola region
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Figure 7 - Correlation between the number of patients with professional diseases and the level
of emissions in the Aktobe region

Conclusion. The analysis of the data obtained allows us to conclude about
the causal relationship of atmospheric air pollution with harmful substances
and professional morbidity of the population of Central Kazakhstan. One of the
explanations may be the influence of unfavorable factors of technogenic and,
first of all, chemical factors of the habitat, since large production complexes of
the coal, mining, and metallurgical industries are located on the territory of the
Karaganda region. In recent years, an intensive process of technical improvement
and intensification of production processes has been carried out, which radically
changes not only the working conditions of employees, but also leads to the
formation of an unfavorable environmental situation. At the same time, a
statistically significant positive correlation between the number of patients and
the level of emissions was established in Akmola region (rxy=0.674; p=0.007)
and Aktobe region (r, =0.611; p=0.022). The authors will continue to study the
multifactorial impact on public health of the population.

The policy to improve the health of the population living in industrial centers
with high urbanization should take into account regional differences and be aimed
at the need to take measures to reduce the negative impact of the environment and
the production environment on the health of the population, the use of economic
mechanisms to motivate employers to ensure safe working conditions, a healthy
lifestyle of employees, as well as strengthening the potential of primary medical
and sanitary care of public health.
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