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B 2016 romy ans pa3BUTUS W YAyYIIEHHS KadeCTBa >KU3HU Ka3axCTaHLEB ObLI
CO3JaH YacTHbIM bnarorBoputenbHblid GoHa «Xaiblky». 3a roibl CBOSH OesITeIbHOCTH
Ha peajHu3aluio OJaroTBOPUTENILHBIX NMPOEKTOB B 00JacTAX oOpa3oBaHMS M HAyKH,
COLMAJILHOM 3aIlUTBI, KYJABTYpPBI, 31IpaBooXpaHeHus u cnopra, Ponp Beaenna Oosee
45 MunnuapaoB TEHre.

Oco6oe BanManue birarorBoputenbHbIi GoHT «XabIK» ynenseT 00pa3oBaTeIbHbIM
IporpaMmam, C4uTas 3TO HallPaBJICHUE OJHUM W3 KIIIOUEBBIX B CBOEH JESATEIBHOCTH.
Oxas3biBasi MOAJIEPKKY OT€UECTBEHHOMY 00pa30oBaHuto, GOH/I BHOCUT CBOI OCHIIbHBIN
BKJIaJI B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem camMbiM ciocoOCTBYS
pOCTy uncIa JItoneH, ClIoCOOHBIX MEHSTh KU3Hb B CTPaHe K JIy4IlleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB M «BEJIUKUX YMOB». OnHOH U3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpas3oBaresibHOW cdepe craim MpoeKT
Ozgeris powered by Halyk Fund — mepBblii B cTpane OuzHec-uHKYOaTop ISl yUaluxcs
9-11 xmaccoB, KOTOpBI MOMOTraeT pa3BUBAaTh HEOOXOAMMBIE B COBPEMEHHOM MHpE
MpeANpPUHUMATENILCKUE HaBbIKK. Tak, Ha comelCTBHE MajoMy OM3HECY IMIKOJbHHUKOB
66110 BhIIeneHo Oosee 200 rpanToB. J{iis moaiep KKy TaJaHTIIMBBIX 1 MOTHBHPOBAaHHBIX
nereit @OoHI HEOAHOKPATHO BBIACISUT TPaHThI HAa 00yueHue B MexIyHapOJHOH IIKOoJIe
«Mupacy» u B Astana IT University, a Taxke MOMOI Ka3axCTaHCKUM LIKOJbHHKAM
npuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CLLIA. ABropckue
pabotel B pamkax npoekra «Tamimrep», koropomy DoHI OKa3an HOAICPHKKY, JICIIIN B
OCHOBY Y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4€OHO-METOANYECKUX KHHUT 10 IPEAMETY
«OcCHOBBI TIpeANpUHUMATENBCTBA U Ou3Heca», mpenogaBaemoro B 10-11 kmaccax
Ka3aXCTAaHCKMX ILIKOJ U KOJUIEIKEH.

[TomuMo mnomomM MIKOJIBHMKAM, ydallMMcs KoJulepke M cryaeHTaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(QHUKAIWU IIE€AaroroB,
COBEpIIIEHCTBOBAHNE HUX 3HAHMH U HABBIKOB, IOCKOJIbBKY HMEHHO OHHU SIBJISIOTCS
[IPOBOAHUKAMH 3HAHUHM OyIyIIMX MOKOJeHHH KazaxcTaHueB. [Ipu mognepxkke donna
«XanplK» B IOKHOH cTONMie ObUI OpPraHW30BaH E€XKEroJHbIM TOPOACKONW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHoll MHMLIMATUBOW CTall pealn3yeMblii MPOEKT 1O OOYYEeHHIO OCHOBaM
(MHAHCOBOM TPaMOTHOCTH Mpernoaasareield n3 BockMH obnacteidl Kazaxcrana, urto
JIOJDKHO OKa3aTh CYIIECTBEHHOE BIIMSIHUE Ha BOCIIMTaHUE (PMHAHCOBOW IPAMOTHOCTH H
MpEeIIPUHUMATEIBCKOTO MBIIIIJIEHHS Y HOBOTO TIOKOJIEHUSI TPaXAaH CTPaHBI.

Heob6xonumyro nmomois @oHx «Xanblk» OKa3blBaeT U TeM, KTO 0COOCHHO OCTPO
B Hell Hyxnaercs. B paMkax counanabHOM 3alllUThl HACEJIEHHsS aKTHUBHO NPOBOAUTCS



Volume 4, Number 457 (2023)

paboTa 1o TOAJEPKKE NIETeH, OCTABIIMXCS 03 pOIUTENCH, JeTedl W B3POCIBIX U3
COLMAJIbHO YA3BUMBIX CJIOEB HACEJICHHUS, JIFOJEN C OTPAaHUYEHHBIMUA BO3MOKHOCTSIMHU, a
TaKKe 00€CIICUCHUIO HYK/IAIOIIMXCSI COLUATBHBIM KHIIIbEM, CTPOUTEILCTBY COIIHATBLHO
BaXKHBIX OOBEKTOB, TAKUX KaK JCTCKHE CaJbl, ACTCKHE TUIOIAIAKU U (PU3KYIBTYpPHO-
03JI0POBUTEJIbHBIE KOMITJIEKCHI.

B xommnky no0peix gen @onnma «Xanablk» MOXKHO JOOABUTh OKa3aHUE ITOMOIIH
JIETCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOJJICP’KKa B PA3BUTHU JIETCKOTO PyTOOJIA M Kapare
B Hame# crpaHe. JKU3HEHHO BaKHYIO TIOMOIL biaroTBopuTeNnbHbIN QOHT «XaIbIky»
OKa3all HalllUM COOTeUECTBEHHUKAM BO BpeMsi HenasHel nangemuun COVID-19. Torna,
B pasrap TsDKenod 0oprObl ¢ KopoHaBUpyCcHOH nHpeknuerd Doun Beiaenui cBbime 11
MUJUTMAPJIOB TEHTe Ha MPHOOpPETeHHE HEOOXOAMMOI0 MEIUIIMHCKOTO 00O0pYIOBaHUS
U JIOPOTOCTOSIIUX MEAMIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MEIMIIMHCKON
TIOMOUIH U CPENICTB 3aLIUThL, aAPECHYIO MAaTEPUAIbHYIO IOMOLIb COLIMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHHUS U JICHE)KHBIC BBITUIATHI MEUIIMHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy C IOpYyrUMU TpPOCKTaMH, HAlCJICHHBIMM Ha IMOBBIIICHUE
0JIaroCOCTOSIHUSL Ka3aXCTaHCKUX TpaxkaaH DOHJ penimi yneinuTb 0c000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SBJIICTCS YacThlO0 OOIIECTBEHHOW KYJIBTYPhI, a YPOBCHb €€
pa3BUTHS ONPEIENAET yPOBEHD Pa3BUTHUS TOCY1apCTBA.

I[onnepxkka @oHAOM BbIMycKa >XKypHajaoB HamuonanbHOM AxageMun Hayk
PecriyOnuku KazaxcraH, KOTOpbIe BXOAST B MeEXIyHapoiHble (OHABI Scopus u
Wos U B KOTOPBIX NYOJNUKYHOTCS CTaTbd OTEUECTBEHHBIX YYCHBIX, JIOKTOPAHTOB W
MaruCTPaHTOB, a TaK)KE HAYYHBIX COTPYJAHHUKOB BBICHIMX YYEOHBIX 3aBEJCHHUU W
HAy4HO-UCCIIEA0BATENIbCKUX MHCTUTYTOB HALLIEN CTPAHBI SIBJISECTCS HE MEHEE 3HAYMMBIM
BKu1ajioM DOH/Ia B pa3BUTHE Ka3aXCTAHCKOTO OOIIIEeCTBa.

C yBakeHunem,
BbaarorBopurebHblii ®oHa «XaabIK»!



Bac pepaxrop:
KYPBIHOB Mypar ’KypbIHYJIbI, XUMHUS FBUIBIMIAPBIHEIH JOKTOPSL, ipodeccop, KP ¥FA akanemuri,
Kazakcran PecryOnmukace!l ¥ITTBIK FBUTBIM aKaieMusichiHbIH npe3ueHTi, AK «J1.B. CokobCkuii aTbIHIaFbI
OTBIH, KaTaJIH3 )KOHE IEKTPOXUMUS HHCTUTYTHIHBIHY 0ac qupektopbl (Anmarsl, Kasakcran) H = 4

Penaxkmus ankacel:

OJJEKEHOB Cepra3bl MbiHxkacapyJibl (0ac peaakTOpIbIH OpbIHOACAPHI), XMMUS FHIIBIMAAPBIHBIH
JoKTOpsI, podeccop, KP ¥FA akagemuri, «Dutoxumushy XaablKapaiblK FHUTBIMH-OHIPICTIK XOIIUHTTHIH
mupekropsl (Kaparannsr, Kazakcran) H =11

ATI'ABEKOB Buaamumup EnokxoBuu (6ac pemaxTopiblH OpbIHOAcapbl), XUMHS FBUIBIMAAPBIHBIH
JokTopsl, npodeccop, berapycs ¥YFA akanemuri, Kana marepuaniap XuMUsICbl HHCTUTY TBIHBIH KYPMETTI
nupekropsl (Munck, berapycs) H =13

CTPHAJ MupocaaB, npodeccop, Uexust FhUIBIM aKaJEMHUSICHIHBIH OJKCHEPHIMEHTTIK OOTaHHKa
MHCTUTYTBIHBIH 3epTXaHa MeHrepyurici (Onomoy, Yexust) H = 66

BYPKITBAEB Myxam6eTKaJu, XUMUs FbUTBIMAAPBIHEIH JOKTOPEL, podeccop, KP ¥FA akanemuri,
on-®apadu areigarsl Kaz¥Y Y-npiy Oipiamm npopexropsl (Anmarsl, Kazakcran) H =11

XOXMAHH J[Ixymut, Ceren ynusepcureriniy ®Papmauesruxa daxysapreTinin PapMakornosus
KadeapachHBIH MeHrepymrici, JKapaTbuiblcTaHy FBUIBIMIAPBIHBIH TTOHAPAIBIK OPTAJIBIFBIHBIH JAUPEKTOPEI
(Ceren, Bernrpust) H =38

POCC Camup, PhD noxropbl, Muccucunu yHUBEpCHTETiHIH OCIMIIK OHIMICPIH FBUIBIMU 3€PTTEY
YITTHIK opTansirel, Papmanust Mmektebinin npodeccopst (Oxcdopa, AKII) H =35

XYTOPSIHCKUM Burannii, punocodus gokropst (PhD, (apmarerr), Pequnr yHHBepCHTETiHIH
npodeccopsr (Peaunr, Aurus) H = 40

TEJTAEB Bargar Bypxan6aiiyiabl, TeXHUKa FRUIBIMIAPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
KoppecnionaeHT-mymreci, Kaszakcran PecnyOmukacer WHgycTpust koHe HWH(PPAKYpBUIBIMIABIK —JaMy
munucTpiiri (Anmarsl, Kasakcran) H = 13

DAPYK Acana Jlap, Xamnap ans-Mamxuaa [IsFsic MeuiHa KoJUIepKiHIH Tpodeccopsl, Xamaap
yauBepcuteTiHig Lsrpic Mmequiuna akynsreti (Kapaun, [Tokxicran) H =21

®A3bIJIOB Cepik /IpaxmMeTy.ibl, XUMHS FBUIBIMIAPBIHBIH JOKTOPBL, ipodeccop, KP ¥FA akanemuri,
OpraHuKajiblK CHHTE3 XKOHE KOMIp XHUMUSCHl HHCTUTYTHI TUPEKTOPBIHBIH FBUIBIMH JKYMBICTAp JKOHIHIET1
opsiabOacaps! (Kaparausl, Kazakcran) H=6

KOPOBEKOBA Illapuna 7Kopo0eKKbI3bl, XHMHs FHUIBIMIAPBIHBIH JOKTOPBI, mpodeccop,
Kepreiscran ¥FA akagemuri, KP ¥FA Xumust koHe XUMMSUIBIK TexXHOJOTHsS HMHCTHTYTHI (Bimikek,
Kpiprezcran) H = 4

XAJIMKOB [:xypadaii XaJuKkoBHY, XUMUsI FBUIBIMIAPBIHBIH JTOKTOPBI, podeccop, Taxikeran FA
axanemuri, B.M. Huxutun ateranarsr Xumust mHCTUTYTHI ([lymante, Toxikeran) H =6

DAP3AJIUEB Barug Mekuaoribl, XuMys FBUTBIMAAPBIHBIH TOKTOPEL, podeccop, ¥FA akanemuri
(Baky, O3ipoaiixan) H=13

TFAPEJIMK Xempa, ¢unocodus noxropsr (PhD, xmmus), Xanplkapallblk Taza jKOHE KOJIaHOAIBI
XMW OJIaFbIHBIH XMHUS KOHE KOpIIaraH opTa OemnimiHiH mpe3uaeHTi (Jlonmon, Aurmms) H = 15
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I'naBHbII perakTop:
KYPUHOB Mypar KypuHoBHY, JOKTOp XMMHUYECKHX HayK, mpodeccop, akagemuk HAH PK,
npe3uaeHT HaronansHol akagemun Hayk Pecry6mmkn Kazaxcran, renepansusiii fupexrop AO «HcTHTYT
TOIUIMBA, KaTanu3a u anekrpoxumun uM. /1.B. Cokonbckoro» (Anmarsel, Kazaxcran) H =4

Penaxkuuonnas xosuierus:

AJIEKEHOB Cepra3spl MbIH:kacapoBH4 (3aMECTHUTEINb INIABHOTO PEJAKTOPA), JOKTOP XUMHUUCCKUX
Hayk, podeccop, akagemuk HAH PK, mupexkrop MexayHapoHOro Hay4HO-IIPOU3BOCTBEHHOTO XOJIANHT A
«Dutoxumust» (Kaparanna, Kazaxcran) H =11

AI'ABEKOB B aagumup EHokoBHMY (3aMeCTHTENb TJIABHOTO PENAKTOpa), IOKTOP XUMHUYCCKHX
Hayk, npodeccop, akanemuk HAH Benapycu, nouerHslit aupexrop MHCTUTyTa XMMHH HOBBIX MaTepHaoB
(Munck, benapycs) H= 13

CTPHA/I Mupocias, npodeccop, 3aBemyromuii 1abopaTtopueli HHCTUTYyTa DKCIIEPUMEHTAIBHON
6otanuku Yemnickoii akagemun Hayk (Onomoyi, Yexust) H = 66

BYPKUTBAEB Myxam0eTKkaan, JTOKTOp XMMHYECKHX Hayk, mpodeccop, akagemuk HAH PK,
[epssrit mpopextop KasHY umenn anp-dapadu (Anmarsl, Kazaxcran) H =11

XOXMAHH [IxynuTt, 3aBenyromnii kapenpoit @apmaxornozun dapmareBrHiyeckoro (akyisrera
VYansepcurera Cerena, upexTop MexXIUCIUIUIMHAPHOTO IIEHTpa ecTecTBeHHBIX Hayk (Ceren, Benrpms)
H=38

POCC Cammup, noxrop PhD, mpodeccop HIkomsr dapmanuyi HAIMOHAIBLHOTO IEHTPa HAYYHBIX
WCCIICJOBAaHUH PACTUTEIBHBIX MPOAYKTOB YHUBepcuTeTa Muccucunu (Oxcdopa, CIIA) H = 35

XYTOPSIHCKUM Butammii, noxrop durocodun (Ph.D, dapmanesr), mpodeccop Yuusepcurera
Penunra (Pepunr, Aurus) H = 40

TEJIBTAEB Baraar Bypxan6aiiyJibl, JOKTOp TEXHHYECKHUX HayK, Ipodeccop, WieH-KOPPECIIOHACHT
HAH PK, MunucrepctBo Munycrpuu u unpactpykrypHoro pa3sutus Pecriyonuku Kasaxcran (AnamMarsl,
Kazaxcran) H=13

DAPYK Acana [lap, mpodeccop kommtemka Bocrounod memmmmubel Xampaapia ans-Mapkunaa,
¢axynsreT BocTouHoil MenuuuHbl yHuBepeuteta Xamaapaa (Kapaun, [Takucran) H =21

®DA3BIJIOB Cepuk /IpaxmeToBUY, TOKTOp XHMHUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
3aMeCTHTENb JUPEKTOpa 1o HaywIHO# paboTe VHCTHTYTA Opranmdeckoro cuHTe3a u yrexumun (Kaparanna,
Kazaxcran) H=06

7KOPOBEKOBA Illapumna KopodexoBHa, TOKTOp XMMHYECKUX HayK, podeccop, akanemnk HAH
Keipreserana, MactutyT Xumun u xumudeckoit texnonorud HAH KP (bumukek, Keipreseran) H = 4

XAJIMKOB [Ixxypa6aii XaJauKoBH4Y, JOKTOp XHMHYECKHX HayK, mpodeccop, axazemuk AH
Tamxukucrana, Vuctutyt xumun nmenu B.W. Hukntuna AH PT (dyman6e, Tamxukucran) H = 6

DAP3AJIMEB Barug Memkua oribl, JOKTOp XHMHYECKHX Hayk, mpodeccop, akanemunk HAHA
(baky, Aszepo6aitmxan) H=13

T'APEJIMK Xempaa, noxrop ¢unocopun (Ph.D, xumus), npesunent Otnena XUMUH U OKpYsKaromieit
cpensl MexxIyHapogIHOro cor03a YHCTO! 1 npukiiagHoi xumun (Jlonnon, Anrmst) H =15
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Annotation. This study aimed to analyze the spatial and temporal distribution of
PM2.5 and PM10 pollutants in Pavlodar City, Kazakhstan, and identify the trends in
their distribution. Data from seven monitoring stations were analyzed for the period
2022-2023, and the Air Quality Index (AQI) was utilized as the main indicator to
assess pollution levels. The study found that the level of air pollution in Pavlodar City's
residential area is elevated, with the annual average concentration of PM2.5 exceeding
the World Health Organization's (WHO) recommended limit of 10 pg m? in six out
of seven monitoring stations in 2023. Additionally, the standard for PM10 (20 ug m?)
was exceeded at two locations. The analysis of the AQI demonstrated that PM2.5 is the
predominant pollutant affecting air quality in the city, with only one location recording
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an AQI level corresponding to "good" in 2023. The results of the correlation analysis
showed a linear relationship between pollution levels and distance from industrial areas,
with the most environmentally friendly areas of the city located in the southwestern part
of the city, near the Irtysh riverbank. The distance from both the northern and eastern
industrial zones was found to be the most reliable predictor of air pollution trends within
the city. Statistical correlation analysis revealed a strong positive correlation between
PM2.5 and PM10 concentrations, suggesting a common source of origin and similar
distribution trends. The study highlights the need to address air quality issues in Pavlodar
City to safeguard public health and the environment in the region.

Keywords: Air Quality Index; PM2.5 and PM10 pollutants; Pavlodar city; spatial
distribution; air pollution
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KA3AKCTAH, TABJIOJAP KAJTACBIHBIH CEJIUTEBTIK AYMAFBIH/IA
PM2.5 )KOHE PM10 JIACTATBIIITAPBIHBIH KEHICTIKTE TAPAJIYbI

Annoranus. Ocsl 3eprreyain Makcatsl [laBnonap xanaceina (Kazakcran) PM2.5
xoHe PM10 macTtarplll 3aTTapbIHBIH KEHICTIKTIK-yaKbITIIA TapalyblH TalAdy >KoHE
oJiapibIH OeiHy YpJiciH aHbIKTay Oombin TaOblIaasl. 3epTTey OapbichiHga 20222023
MOK. Ke3€H1 YUIIH MOHMTOPHHIUIEYIIH JKeTi CTaHIMACBIHBIH JepeKTepi TalaaHibl,
JacTaHy JIeHreiiH Oaranay YLIiH Heri3ri KepCeTKill peTiHle aya camachblHbIH HHICKCI
(AQI) mnaiipanansuisl. 3eprrey [laBmomap KanachbIHBIH —CENUTEOTIK ayMarblHAA
ayaHBIH JIaCTaHy JICHIeHi »OFapbl OOJBIN TaOBUIATBIHIABIFBIH KepceTTi: 2023 KbUIbl
MOHUTOPUHIJICYIiH >KeTi CTaHUMACHIHBIH alTaybIHbIH Jeperi OolibiHima PM2.5-TiH
KBUIIBIK OpTallla MOoFbIpiaanybl JIyHHeKy31Tik neHcaynblK cakTay yiibiMbiMeH (/ICY)
yeoiabuFan 10 Mkr M 1ieriHeH acaapl. byaan 6esek, exi mokarusaa PM 10 (20 Mxr M)
YILIiH HOpMaTHB achil KeTkeH. AQI MHIEKCIHIH Tajaaybl KalaJarbl ayaHbIH carnachlHa
ocep ereTiH OachIM Jactarbiil PM2.5 0omnbn Ta0bLTaTBIHABIFBIH KOPCeTTi, 2023 5KbUTbI
Tek Oip nokamumsina AQI-miH «oKakce» AeHredi Tipkenai. Koppemsuusuislk Tangay
HOTHKEC1 OHEpPKICiN aliMaKTapblHAH aJIAKThIFBl MEH JIACTaHY JIEHIeHi apachbIHIaFbl
CBI3BIKTHI TOYEIJIUIIKTI oHE ¢ OapbIHIIA DKOJOTHUSIBIK Ta3a ayMak EpTic e3eHiHIH
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JKaranayblHa Tasy KaJaHblH OHTYCTIK-OaTbiC OeiriHae OpHallaCKaHbIH KOPCETTI.
ConTycCTiK >KOHE WIBIFBIC OHEPKACINTIK alMaKTapblHAH JKajlbulaMa alllaKThIK
KajaJarbl aya JIacTaHy CEepIiHiHIH OapblHIIA CEHIMII MPEAUKTOPHI OOJNBIN TAObUIABL.
CraTucTHKaIBIK KOppemsinuaiaslk Tangay PM2.5 sxone PM10 KoHBIpIBIFEl apacklHaa
MBIKTBI JKaFbIMJIBI ©3apa OailJIaHbICThI AHBIKTA/Ibl, OYJI IIBIFY TETiHIH JKajIbl K31 MeH
Tapajy[blH YKcac YpAicTepi Typaisl gasenaeiai. XKyprisiireH 3epTrey TyprbIHAapIbIH
JIeHCayJIBIFbl MEH OHIpJeri KopliaraH opTaHbl cakray yiuiH [laBnogap KanmaceiHza aya
carnachIHBIH MACEJIeNIePiH ISy KaKETTUIINH alKbIH Il TbI.

Tyiiin ce3nmep: aya camacwiblH uHIekci (AQI); PM2.5 sxone PM10 nactarbiim
3arTapsl; [laBiaonap Kanackl; KEHICTIKTE Tapajly; ayaHbIH JacTaHybI
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IPOCTPAHCTBEHHOE PACIIPEJIEJIEHUE 3ATPSI3HUTEJIEN PM2.5 U
PM10 B CEJIMTEBHOM 30HE I'. HABJIOJAP, KASAXCTAH

AHHoTanms. Llenpro TaHHOTO HMCcCIeI0BaHU ABISIETCA aHaJIN3 IPOCTPAHCTBEHHO-
BPEMEHHOT0 pacrnpeaeneHus 3arps3ustonux semects PM2.5 u PM10 B r. [laBnonap
(KazaxcraH) u BBIABICHHME TEHJIEHLMI B UX pacnpeneieHud. B Xoxe uccrnemnoBaHus
OBUTM MPOAHATU3UPOBAHBI JaHHBIE CEMH CTAHLIMH MOHUTOpHHTA 32 epuon 20222023
IT., B KQUE€CTBE OCHOBHOTO IMOKA3aTesl sl OLEHKU YPOBHS 3arps3HEHNUS HCIIOIb30BAJICS
nHAeKC KadecTBa Bo3nyxa (AQI). MccaenoBanue mokasano, 4YTo YpOBEHb 3arpsi3HEHHS
Bo3lyXxa B cenuTeOHOM 30He T [laBnomap siBisieTCs MOBBILIEHHBIM: CPEIHETOA0BAas
koHUeHTpauuss PM2.5 mnpesbimaer pexoMeHayemblii BceemupHoll  opranuzanueit
sapaBooxpanenus (BO3) mpemen B 10 MKr M~ MO AaHHBIM IIECTH U3 CEMH CTAHITHIA
MonutopuHra B 2023 roxy. Kpome Toro, B IByX JIOKauusix ObUT MPEBBILIEH HOPMATHB
s PMI10 (20 mkr m?). Amamu3 waaekca AQI mokaszan, 49To mpeodiagaronim
3arpsi3HUTENEM, BIMSIOIIMM Ha KadecTBO BO3AyXa B Topoje, sABiseTcs PM2.5,
TOJBKO B OAHOH Jjokamuu B 2023 romy Obul 3a)MKCHPOBAH «XOPOLIW» YPOBEHb

183



OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

AQI. Pe3ynbTarThl KOppeNsLMOHHOTO aHaln3a IOKa3ajiu JIMHEHHYI0 3aBHCHUMOCTh
MEX/y YPOBHEM 3arpsi3HEHUs U YIAJICHHOCTbIO OT MPOMBIIIJIEHHBIX 30H, MPHYEM
Han0oJee IKOJIOTMYECKU YUCTHIN Y4aCTOK PACIIONOKEH B IOT0-3aaJHON YacTH ropoJa,
BOMM3M Oepera pexku Mpthim. OO00O0IIEHHAs yAaJeHHOCTh OT CEBEPHOH M BOCTOYHOM
MPOMBIIUICHHBIX 30H OKa3ajach HauOoliee HAICKHBIM MPEIUKTOPOM JHHAMHKH
3arpsi3HeHMs Bo3ayxa B ropoje. CTaTUCTUYECKUH KOPPENSLMOHHBIN aHaln3 BBISBUI
CIWJIBHYIO TOJIOKUTEIBHYIO KOPPENALMI0 MEXAy KoHueHTpauusmMu PM2.5 u PMIO,
YTO CBUJETENBCTBYET 00 OOILIEM MCTOYHUKE MPOMCXOKACHHUS U CXOAHBIX TCHICHIIUAX
pacmnpoctpaHenus. llpoBeneHHOe uCclIeqOBaHHE MOAYEPKUBACT HEOOXOIUMOCTb
pewenus npobiieM KadecTBa Bo3ayxa B ropone IlaBinonap ansi coxpaHeHHs 300POBbs
HaceJIeHUs U OKpYXKaroIlel Cpesibl B perHoHe.

KamoueBsie cioBa: Muneke kadectBa Bo3myxa (AQI); 3arpsi3Hsronue BelecTBa
PM2.5 nu PM10; ropon IlaBnonap; mpocTpaHCTBEHHOE paclpeesieHue; 3arps3HeHne
BO3yXa

Dunancuposanue: J{anHoe uccie008aHUe GbINOIHEHO NPU (PUHAHCOBOU NOOOEPIICKe
Komumema wnayxku Munucmepcmea mayku u evicuwezo obdpaszoeanus Pecnybnuxu
Kaszaxcman 6 pamxax epanmosoco gpunancuposanus no npoekmy UPH AP19677560
«Monumopune u kapmozpaguposanue KOI02UYECKO20 COCMOSHUSL B030VULHOU CPedbl
2. [lasnooap ¢ npumenenuem memooos MauHHO20 00YUeHUS .

Kongpnuxm unmepecoa: asmopul 3a:161310m 06 OMCymcmeuy KOHQIUKmMa uHmepecos.

Introduction

Air pollution is a global public health challenge, affecting urban areas across the
world. It is a leading environmental risk factor, contributing to a wide range of health
problems, including respiratory diseases (such as asthma and chronic obstructive
pulmonary disease) (Tatayeva & Burumbayeva, 2014; Wang et al., 2021; Yan et al.,
2022), cardiovascular diseases (including heart attacks and strokes) (Chen et al., 2023;
Gale et al., 2020; Huang & Chen, 2021; Ren et al., 2021), lung cancer (Oh et al., 2023;
Zhang et al., 2023; Zhou, 2021), and a variety of other adverse health outcomes. Poor air
quality is responsible for millions of premature deaths each year worldwide (Goodwin,
2023; Roy, 2018; Van Der Wall, 2015).

Beyond its effects on human health, air pollution has significant environmental
consequences. It can harm ecosystems, damage vegetation, and contribute to soil and water
pollution (Vallero, 2014). Particulate matter and other pollutants released into the atmosphere
can have a negative impact on biodiversity and ecosystems (Sharma et al., 2013).

The economic costs associated with air pollution are substantial on a global scale.
These costs include healthcare expenses for treating pollution-related illnesses, lost labor
productivity due to health impacts, and damage to infrastructure and crops. Addressing
air pollution is not only a public health imperative but also an economic one (Hidalgo
& Sanz Bedate, 2022).

As countries strive for economic growth and development, urbanization and
industrialization play pivotal roles in shaping their trajectories. Rapid urbanization
and industrialization in many parts of the world have led to increased emissions of air
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pollutants. This growth, while promising economic opportunities, also brings significant
challenges related to air quality. As cities grow and industrial activities expand, the
concentration of pollutants in the air can rise, posing a direct threat to urban populations
(Ma et al., 2017).

The expansion of industrial activities is a major source of air pollutants, including
particulate matter, sulfur dioxide, nitrogen oxides, and volatile organic compounds.
Factories, power plants, manufacturing units, and other industrial facilities release
these pollutants into the atmosphere as byproducts of production processes (Kaur &
Jhamaria, 2021). In many cases, the push for increased production and economic gains
has, at times, taken precedence over environmental concerns, contributing to elevated
pollution levels.

Countries and regions worldwide are implementing a range of technological and
policy solutions to combat air pollution, including transitioning to cleaner energy sources,
promoting public transportation, regulating industrial emissions, and adopting stricter
vehicle emission standards (Amann et al., 2020). Many of these efforts also intersect
with initiatives aimed at reducing greenhouse gas emissions (GHGs), highlighting the
interconnected nature of these environmental challenges. While the challenge of urban
air pollution is complex and pressing, it is far from insurmountable. Cities and nations
around the globe are increasingly recognizing the importance of sustainable urban
planning, cleaner industrial processes, and the widespread adoption of renewable energy
sources. Critical steps toward achieving cleaner urban air include the enforcement of
stringent emission regulations, the expansion of public transportation networks, and the
encouragement of electric vehicle usage, all of which contribute to improved air quality
and the well-being of urban populations (Jonidi Jafari et al., 2021).

Increasing awareness of the health and environmental impacts of air pollution and
advocating for clean air is essential. Public awareness, grassroots movements, and
global advocacy efforts contribute to pressure on governments and industries to take
action to reduce pollution levels.

Thus, the issue of air pollution is a global concern with profound effects on public
health, the environment, the economy, and climate change. Addressing air pollution
is a multifaceted challenge that requires coordinated efforts at the local, national, and
international levels, emphasizing the need for cleaner technologies, sustainable urban
planning, and policies that prioritize air quality and human well-being.

The Republic of Kazakhstan has undergone significant industrialization, leading to
pressing environmental issues that urgently require resolution. Pavlodar region stands
as one of the country's most industrially advanced areas, featuring a multi-sectoral
industrial complex that specializes in electrical energy production, alumina, oil refining,
mechanical engineering, food industry, and construction materials. Currently, there
exist over 200 registered enterprises (Azhayev et al., 2020) in the city of Pavlodar that
cumulatively produce approximately 180,000 tons of pollutant emissions (MEGNRRK,
2021). Notable large-scale industrial enterprises include Pavlodar Petrochemical
Plant, JSC "Kaustik" (former Pavlodar Chemical Plant), Pavlodar Aluminum Plant,
Electrolysis Plant, and businesses involved in the creation of metal structures and
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electrical installation products. Furthermore, the city encompasses three combined
heat and power plants, over 20 boiler houses, and approximately 5,000 households that
collectively consume more than 3.5 million tons of coal annually.

Atmospheric air quality in the Pavlodar region undergoes monitoring by The
Republican State Enterprise "Kazgidromet" branch with the utilization of 11 fixed
observation stations for air pollution. These posts are situated in the cities of Pavlodar
(7 posts), Ekibastuz (3 posts), and Aksu (1 post). The pollutants that have been analyzed
comprise of suspended particles PM-2.5 and PM-10, sulfur dioxide, carbon monoxide,
nitrogen oxide, nitrogen dioxide, ozone, hydrogen sulfide, a sum of hydrocarbons,
ammonia, methane, phenol, chlorine, hydrogen chloride, and sulfates (MEGNRRK,
2021). Nevertheless, there is no public information available on these pollutants,
along with their spatial dispersion within the city limits. The primary contributors to
atmospheric pollution in the Pavlodar region are classified as I category environmental
hazards (1 and 2 classes of sanitary hazards), which include thermal power plants that
use high-ash coal. These plants are responsible for 85-86% of the emissions in the area.
The remaining enterprises in the other categories of environmental hazard contribute
approximately 10 % of total emissions. Meanwhile, 4 % of emissions stem from
enterprises in categories 11, III, and IV of environmental hazard (Nossenko et al., 2018).

The issue of monitoring of air quality in industrial cities of Kazakhstan has not
been widely revealed in publications. There were few scientific studies on this issue,
particularly several articles were devoted to considering the situation in Pavlodar. Thus,
Tatayeva et al. (Tatayeva & Burumbayeva, 2014) analyzes air pollution in Pavlodar and
other cities in Kazakhstan, highlighting the impact of pollutants on lung cancer incidence.
Kakabayev et al. (Kakabayev et al., 2023) discusses the consequences of industrial
development in Pavlodar, including high emissions of pollutants into the atmosphere
and the need to improve the environmental situation. Mardenov et al. (Mardenov et al.,
2014) focuses on the atmospheric air condition in Ekibastuz, a city in Pavlodar region,
emphasizing the negative influence of power engineering and metallurgic industry on air
quality. Azhayev et al. (Azhayev et al., 2020) evaluates the geoecological environmental
situation in Pavlodar region, emphasizing the concentration of air pollutants in industrial
centers and the potential negative impact on tourism.

These papers collectively suggest that air quality in Pavlodar, Kazakhstan is affected
by industrial activities and pollutants, which may have implications for public health and
the environment. However, all of these publications didn’t consider spatial and temporal
distribution of air quality index (AQI) based on the U.S. Environmental Protection
Agency's (EPA) National Ambient Air Quality Standards (NAAQS), which allows
conducting comparative studies with other territories considered in different scientific
works (Li et al., 2017). As well in this article current data on air pollutants’ distribution
for the period 2022-2023 is presented based on the information from the independent
source waqi.info (AQICN, 2020). Thus, the study aims to fill gap in the knowledge
about evaluation and detection patterns in the distribution of PM2.5, PM10 pollutants,
and AQI within the residential area of Pavlodar city, a major center of industry in the
Republic of Kazakhstan.
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Methods and materials

Study Area. Pavlodar City is located in Pavlodarskaya Oblast in the northern part of
Republic of Kazakhstan. It is a multifaceted industrial center covering an area of 326,882
hectares (0.3 thousand square kilometers), with a population exceeding 300,000 people.
The climate in Pavlodar City is severely continental, with moderate levels of humidity.
It is characterized by harsh winters, with an average temperature of -16.7 in January,
strong winds, and snowstorms. Spring is marked by cold returns, and late spring and
early autumn are accompanied by frosts. Despite an abundance of sunlight, summers
are hot; however, they are relatively short with an average temperature of +21.2 in July
according to 2023 data (pogodaiklimat.ru, n.d.).

More than 90 industrial enterprises are registered within the city limits. These
include aluminum, machine-building, cardboard-rubberoid, chemical, petrochemical,
shipbuilding and ship-repair, instrumental, tractor, rubber-technical plants, metal
construction, and electrical wiring plants, among others. The largest of these businesses
are situated within the city. In addition, Pavlodar has three thermal power plants, over
twenty boiler houses, and 5000 private homes that collectively burn more than 3.5
million tons of coal annually. Moreover, there are more than 60,000 garden plots within
city limits, as well as countless vegetable gardens maintained by private households,
where the cultivation of vegetables, potatoes, fruits, and berries is concentrated.

In 2021, the stationary sources in Pavlodar region released 736.1 thousand tons of
pollutants into the atmosphere, according to the Bureau of National Statistics of RK.
The majority of industrial enterprises are concentrated in three cities, resulting in
the main volume of pollutant emissions into the atmospheric air of Pavlodar region.
Ekibastuz accounts for 45.9 %, followed by Aksu with 27.7 %, and Pavlodar with 24.4
%. Other districts within the oblast contribute only 2 % of emissions. The fuel and
energy sector emits the largest volumes of pollutants, accounting for 65.4 % of total
emissions, followed by metallurgy at 26 %, petrochemicals at 3.2 %, mining at 1.2 %,
and other industries at 4.2 %. The primary atmospheric pollutants are sulfur dioxide,
nitrogen oxides, solid substances, and carbon monoxide (MEGNRRK, 2021).

Mobile sources, specifically motor vehicles, significantly contribute to air pollution.
In 2021, the Bureau of National Statistics of the Republic of Kazakhstan reported that
there were 145.2 thousand passenger cars and 22.8 thousand trucks in the Pavlodar region.
Emissions from mobile sources totaled 32.8 thousand tons in 2021 (MEGNRRK, 2021).

According to the Information Bulletin on the state of the environment of the Republic
of Kazakhstan for September 2023, provided by the national hydrometeorological
service of the Republic of Kazakhstan (Republican State Enterprise "Kazhydromet" of
the Ministry of ecology and natural resources of the Republic of Kazakhstan) Pavlodar
belongs to the cities with an increased level of atmospheric air pollution (Kazhydromet,
2023).

The city's territory is nominally divided into four zones: northern (industrial), eastern
(industrial), central (residential), and northern suburbs (Pavlodarskoye village, Zangar
village). This study focuses on air quality in the residential area of Pavlodar and covers
an area of 84.37 km?. The research area is presented in Figure 1.
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Figure 1. Research area with sampling map.

Sampling and analysis methods

PM2.5 and PM10 concentrations were measured using Plantower PMS5003 dust
sensors (China). The PMS5003 is a digital and versatile sensor capable of measuring
suspended particles in the air, or particle concentration, and transmitting output data
through a digital interface. The laser scattering principle is utilized in the sensor, wherein
a laser is used to create scattering of the suspended particles in the air. The scattered
light is then collected to obtain the curve of change in scattering light with time.
Eventually, a microprocessor-based on MIE theory is used to calculate the equivalent
particle diameter and the number of particles with different diameters per unit volume.

The measurements were obtained from the open source portal wagqi.info (waqi.info,
n.d.), which translates data from 7 stations located in various parts of Pavlodar city's
residential area. Although the stations did not function synchronously, the most data
was available for the years 2022 and 2023, so these years were used for analysis. The
sampling map is displayed in Figure 1, while Tables 1 and 2 present the descriptive
statistics for the daily average PM2.5 and PM10 concentrations. N represents the
number of measurements taken each day.
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Table 1 — Descriptive statistics for average daily PM2.5 levels (ug m~) recorded in 2023.

Location N mean median std min max
L1 215 67 15 19 5 130
L2 289 46 22 15 11 81
L3 264 38 16 13 5 72
L4 281 62 29 21 13 110
L5 247 17 12 5 7 28
L6 93 10 7 3 4 15
L7 213 38 16 14 4 72

Table 2 — Descriptive statistics for average daily PM10 levels (ug m™) recorded in 2023
Location N i

median std

mean min max
L1 215 86 18 24 6 166
L2 290 52 25 17 13 91
L3 0 - - - - -
L4 282 81 39 28 17 144
L5 247 21 14 7 34
L6 93 12 8 3 5 19
L7 213 48 20 17 6 90

AQI

The AQI (air quality index) was used as the main indicator in the study to assess
pollution levels. The United States Environmental Protection Agency (USEPA)
introduced the Air Quality Index (AQI) 45 years ago to provide the public with crucial
data on air pollution (Manjeet et al., 2023). Previously, only select urban areas published
information on air quality, and measurements varied among different locations. The
implementation of a standardized AQI for assessing air quality across the country has
set an important benchmark for similar governmental and regulatory organizations
worldwide in the future (Al Rabadi et al., 2023; Horn & Dasgupta, 2024).

AQI was calculated based on tables of correspondence with PM2.5 and PM10
pollutants in accordance with (AirNow.Gov, n.d.; Sarmadi et al., 2021). The convenient
levels of AQI are presented in Table 3.

Table 3 — Air Quality Index (AQI) Categories for PM2.5 and PM10 pollutants (AirNow.Gov, n.d.)

AQI Category AQI Value PM2.5 (ug m) PM10 (ug m)
Good 0-50 0-12 0-54
Moderate 51 -100 12.1-35.4 55-154
Unhealthy for Sensitive Groups 101 -150 35.5-55.4 155 - 254
Unhealthy 151 -200 55.5-150.4 255-354
Very Unhealthy 201 - 300 150.5 - 250.4 355-424
Hazardous 301 - 500 250.5 - 500.4 425 - 604
Beyond Index >500 >500.4 >604

Statistical analysis and visualization

The correlation analysis was performed with a Python script using the "corr()"
function from the Pandas library. This function calculates pairwise correlation of
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columns, excluding null or missing values. By default, the function calculates the
Pearson correlation coefficient between columns and returns a DataFrame containing
the column correlation matrix. Each element of the correlation matrix represents the
correlation between two columns and has a square matrix structure. The results of the
statistical analysis of the data, graphs and heat maps, were visualized using Seaborn and
Matplotlib libraries.

The spatial data analysis for each pollutant utilized a GIS software to map the air
pollution variances across the study area. The multilevel b-spline function of the SAGA
module was employed to investigate the air quality's spatial distribution characteristics.
The generated raster grids were then used to create isoline polygons utilizing the
"Contour Lines from Raster" feature in the SAGA module. The geographic information
was analyzed and mapped using QGIS 3.28.6 software, which is an official product of
the Open Source Geospatial Foundation (OSGeo) and licensed under the GNU General
Public License.

Results

Spatio-temporal analysis of air quality. The air quality monitoring outcomes for
Pavlodar city, which comprise data regarding the concentrations of the PM2.5 and PM 10
pollutants, are displayed in Table 4. Please note that PM10 content measurements were
not taken at L3 site, and the L6 station was non-operational in 2022. Only 22 daily mean
pollutant values were gathered from L1 station in 2022. The inconsistency in collecting
data from monitoring stations is related to technical problems of uninterrupted power
supply and Internet access.

Table 4 — Air quality parameters measured in the study territory in 2022-2023 years

Year | Loca- N! PM2.5%, N PM103, AQI PM2.5 PM10 AQI

tion |(PM2.5)| pgm3 |(PMI10)| ug m? |(concerning | exceeding?, | exceeding’, | exceeding®
pollutant) % %

2023 | L1 215 14.96 215 18.24 | 57 (PM2.5) 19.53 6.05 46.98
L2 289 22.16 290 25.32 | 72 (PM2.5) 31.49 13.45 43.6
L3 264 16.29 0 - 60 (PM2.5) 22.73 - 49.24
L4 281 29.44 282 39.48 | 87 (PM2.5) 38.08 20.57 85.77
L5 247 12.09 247 14.34 | 51 (PM2.5) 11.34 4.05 30.77
L6 93 7.33 93 8.28 |31 (PM2.5) 0 0 13.98
L7 213 15.66 213 19.57 | 58 (PM2.5) 23 12.21 41.78

2022 L1 28 17.09 28 21.87 | 61 (PM2.5) 17.86 3.57 64.29
L2 321 32.63 321 37.57 | 94 (PM2.5) 51.71 22.74 85.05
L3 302 15.69 0 - 59 (PM2.5) 19.87 - 54.97
L4 286 23 286 29.58 | 74 (PM2.5) 34.62 15.73 63.29
L5 260 20.29 260 24.56 | 68 (PM2.5) 27.69 9.23 63.46
L6 0 - 0 - - - - -
L7 257 21.37 257 25.97 | 70 (PM2.5) 37.74 10.51 64.98

! Number of daily measurements

2 Average daily concentration of PM2.5

3 Average daily concentration of PM10

4 Share of days with PM2.5 exceeded WHO daily limit value (25 pg m), % (WHO, 2006)
3 Share of days with PM10 exceeded WHO daily limit value (50 pg m?), % (WHO, 2006)
¢ Share of days with AQI exceeded “Good” air pollution level (>50)
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In 2023, the average annual level of PM2.5 exceeds the WHO standard (10 pg m) in
six out of seven locations, as per the findings (WHO, 2006). The only location that does
not exceed the average annual WHO standard is L6, located farthest from the industrial
zones near the Irtysh River to the southwest of the city center. In 2023, the standard for
the PM10 pollutant (20 pg m>) (WHO, 2006) is only exceeded at two sites - L2 and L4,
with levels 0of 25.32 and 39.48 ug m™, respectively. The lowest amounts of pollution are
observed at location L6, as well as L5, which is situated at the center of the study area.

In 2022, all monitoring locations surpassed the WHO annual average standard
for PM2.5. However, it is important to note that the monitoring station at location
L6 was not operational during that year. The highest recorded PM2.5 level, reaching
thrice the threshold standard, was observed at location L2. This location is situated in
close proximity to both the northern and eastern industrial areas. In contrast, a more
unfavorable situation was observed for the pollutant PM 10 compared to 2023. Thus, all
monitoring stations exceed the threshold level recommended by the WHO. The station
at location L2, in particular, recorded an almost double exceedance of the standard -
37.57 ug m3,

Annual average AQI calculations by location indicate that PM2.5 has the most
significant impact on air quality. In 2023, only one location out of seven (14%) recorded
an AQI level that corresponds to a "good" level and did not exceed a threshold value of
50. The remaining locations (86 %) had an AQI level below 100, indicating a "medium"
level of air pollution. The maximum AQI level of 87 was recorded at location L4,
which is directly adjacent to the eastern industrial zone of Pavlodar city. A large number
of small production sites and warehouses are situated in this area. The overall AQI
distribution remains the same in 2022, but pollution levels have slightly increased. The
maximum AQI value in 2022 is 94 and was registered at location L2.

Based on the gathered data, we analyzed the percentage of days in the observed
period when the average daily concentration of pollutants exceeded the average daily
limit values according to the WHO recommendations. Our findings reveal that L6
had the most favorable air quality. As a matter of fact, no PM2.5 and PM10 threshold
concentrations exceeded the recommended levels in this location in 2023. In locations
L2 and L4, the percentage of days where the daily average concentration of PM2.5
exceeded the threshold level was 38.08 % and 31.49 %, respectively. The proportion
of days where PM 10 exceeded the daily mean threshold value was considerably lower.
Therefore, the highest proportion of days with threshold value exceedances occurred at
location L4 and reached 20.57 %. These indicators showed improvement in air quality
in 2023 compared to 2022 when the values were higher. In 2022, the areas with the
highest PM2.5 levels exceeding the daily average threshold were observed at locations
L2, L7, and L4, respectively reaching 51.71%, 37.74%, and 34.62 %. Meanwhile, for
PM10, the situation was more positive in 2022 as well as in 2023 compared to PM2.5,
with all locations experiencing exceedances of recommended levels but a lower level of
exceedance for PM10 than PM2.5.

The annual average AQI was exceeded for all sites in both 2023 and 2022. A higher
overall percentage of days exceeding the AQI 50 threshold was observed in 2022
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compared to 2023. For instance, at location L2 in 2022, AQI values above 50 were
recorded on 85.05% of monitored days, indicating "moderate" to "unhealthy" ambient
air quality. The percentage of days with recorded exceedance of the AQI 50 threshold is
more than 60% for L1, L4, L5, L7.

Figure 2 illustrates the yearly distribution diagrams of average monthly concentrations
of PM2.5 and PM 10 pollutants, monthly average AQI values, and monthly average wind
speed dynamics. The average pollutant concentrations displayed a distinct seasonal
pattern. The highest values of pollutant concentrations were observed in the winter
months and late fall, while the lowest values of concentrations, as well as AQI values,
were observed in the summer months.

The annual distribution of monthly averages is comparable across all monitoring
locations. Peak values are generally seen during winter in December and February,
which also correspond to annual minimums of mean monthly wind speed. Pollutant
concentrations tend to decrease in January. Winter peaks may significantly increase
the occurrence and dispersion of particulate matter during the colder months due to
fuel combustion activities (such as CHP, residential heating with coal stoves, and
more intensive combustion of motor fuels for prolonged motor vehicle warming).
Additionally, lower wind speeds in the same period can further exacerbate the levels of
fine particulate matter present in the atmosphere. It is important to note that wind speed
reduction in September does not result in a similar effect, which could be attributed
to the fact that the period is still warm enough, and the sources of PM2.5 and PM10
pollutants discussed earlier are not active.
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Figure 2. Annual distribution of monthly average concentrations of PM2.5 (2.1), PM10 (2.2), AQI
(2.3), and wind speed (2.4).

Figure 3 illustrates the spatial distribution of air quality index (AQI) values and
locations exceeding AQI 50. The greatest AQI values correspond to locations L4 and
L2, which are geographically close to the northern and eastern industrial sectors. It is
worth noting that there is a reduction in the adverse environmental impact of industrial
facilities on the residential area of the city towards the Irtysh River. The distribution
of pollutants indicates a linear relationship between pollution levels and distance from
industrial areas. The most environmentally friendly areas of the city are located in the
southwestern part of the city, near the Irtysh river bank. However, as we move to the
southeast, pollution levels increase, potentially due to the influence of the industrial
enterprises operating in the eastern industrial zone. Statistical correlation analysis of the
presented visualized data was used to analyze the trends of air pollution distribution.

Statistical correlation analysis. We utilized a correlation matrix with Pearson
correlation coefficients to evaluate the connections among diverse components in the
study region. The Pearson correlation coefficient indicates the degree of linear association
between two variables on a spectrum ranging from -1 to 1. A -1 value indicates a fully
inverse linear correlation, 0 indicates no linear association, and 1 demonstrates a positive
linear correlation.

The correlation analysis is predicated on the following hypotheses:

1) the concentration of pollutants is contingent upon the location of the area under
examination. The coverage area of the study is determined by the minimum bounding
rectangle of the study region. The coverage area of the study is determined by the
minimum bounding rectangle of the study region.

2) The concentration of pollutants decreases as distance increases from the northern
boundary of the study area, as the northern industrial zone of Pavlodar is located on that
side of the residential area.

3) As the eastern industrial zone of Pavlodar is situated on the other side of the
residential area, pollutants decrease in concentration when moving away from the
eastern boundary of the study area.
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4) Both the northern and eastern industrial zones impact the distribution of particulate
matter in the air. Thus, their influence jointly affects the pollution level. This may result
in a correlation between pollution and the hypotenuse of a right triangle, where the
catheti represent the distances from the studied location to the northern and eastern
coverage boundaries.

Figure 4 displays the correlation matrix computed from the given dataset, which
includes the north distance (distance from this location to the northern limit of study
area coverage), east distance (distance to the eastern limit of coverage), hypotenuse at
north and east distances, as well as PM2.5 and PM 10 concentrations at this location.
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Figure 3. Spatial distribution of AQI (3.1) and percentage of days with recorded AQI higher than 50
(3.2).

The correlation matrix indicates patterns and trends within the data. The Pearson's
coefficient (r) reflects a strong positive correlation (0.98) between PM2.5 and PM10
concentrations, which suggests the pollutants share a common source of origin and
have a similar distribution trend over the territory. Additionally, there is a moderately
negative correlation (-0.57) between PM2.5 concentration and the distance to the
northern boundary of the coverage area. The weakly negative correlation (-0.47)
between PM2.5 parameters and distance to the east suggests that the northern industrial
zone has a slightly greater influence on the ecological conditions within the residential
area of Pavlodar city.
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A strong negative correlation exists between the hypotenuse and the PM2.5 and
PM10 parameters at -0.81 and -0.74, respectively. These findings suggest a mutual
impact of the two industrial zones on the city's territory. Additionally, the data implies
a trend of decreasing air pollution levels towards the southwest, in agreement with the
spatial distribution maps for AQI.
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To visualize the Pearson coefficients, scatter plots were constructed. The slope angle
and direction of a straight trend line, which minimizes the distance between points and
the line itself, can then be determined. This line directly correlates with the Pearson
coefficient for the two variables analyzed. Figure 5 presents the scatter plots for the
analyzed pairs of values. The presented plots indicate a moderate negative trend with
significantly scattered relationship points in plots 5.1 and 5.2. Thus, a linear relationship
between air pollution levels and distance from solely one industrial zone (north or east)
cannot be definitively established. Graph 5.3 illustrates a stronger correlation between
PM2.5 concentration and the hypotenuse, which represents the equidistance from two
industrial zones. This correlation is evident not only in terms of the Pearson's coefficient
value but also visually. Therefore, this parameter is a more reliable reflection of the
trend in the distribution of pollutants in the air of Pavlodar city's residential zone.
Furthermore, it confirms the hypothesis of a mutual influence of both industrial zones
on the city's atmosphere.

Discussion

The research presented in this article was aimed at analyzing the level of air
pollution in the residential area of Pavlodar city, as well as identifying trends in the
spatial distribution of PM2.5 and PM10 pollutants. For this purpose, data from 7
monitoring stations were analyzed for the period 2022-2023. The methodology of the
study correlates with previous studies conducted in Almaty (Kazakhstan) (Kerimray
et al., 2020), Astana (Kazakhstan) (Kerimray et al., 2018), Yanbu (Saudi Arabia) (Al
Rabadi et al., 2023), Shenzhen (China) (Liu et al., 2023).

The results of the analysis of the air quality correlate with the conclusions published
in the Information bulletin on the state of the environment of the Republic of Kazakhstan
for September 2023 (Kazhydromet, 2003) that the level of air pollution in Pavlodar is
increased. The results of the study are also consistent with previously published works

PM2.5

PM10

North Distance East Distance Hypotenuse PM2.5

Figure 4. Correlation matrix with Pearson’s coefficients
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(Kakabayev et al., 2023; Lukyanets et al., 2023). For example, the annual average level
of PM2.5 exceeds the WHO recommended limit (10 pg m3, (WHO, 2006)) in six out
of seven monitoring stations. The standard for PM10 (20 pg m?3, (WHO, 2006)) is
exceeded at only two sites in 2023. However, the WHO annual average standard for
PM10 was exceeded at all monitoring stations in 2022. The AQI calculation showed that
PM2.5 is the main influencing component in all cases. The annual average AQI values
in 86% of the locations show a "moderate" level of pollution.
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Figure 5. Scatter plots of parameter pairs with lines of best fit and Pearson’s coefficients

The highest levels of PM2.5 and PM10 are observed in locations adjacent to the
northern and eastern industrial zones of the city. This is probably due to the presence of
a large number of small industrial and economic facilities in these areas, as well as in
these zones are located large enterprises, such as Pavlodar Petrochemical Plant, three
thermal power plants, Pavlodar Aluminum Plant and others. A significant contribution
to air pollution in the city of Pavlodar is made by mobile sources, in particular motor
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vehicles. Thus, according to official sources, emissions from mobile sources in 2021
amounted to 32.8 thousand tons (MEGNRRK, 2021). The most environmentally
friendly areas of the city are located in the south-west, away from industrial zones.
There is a certain correlation between the decrease in wind speed and the increase in the
concentration of air pollutants, especially in winter. In general, the AQI level peaks in
the winter months.

Based on the results of the statistical analysis, it can be concluded that among the
proposed methods for modeling the dispersion of air pollution, the most adequate
correlation is observed between the concentration of pollution and the hypotenuse
expressing the distance from both the northern and eastern industrial zones. The
concentrations of PM2.5 and PM10 show a strong positive correlation with a Pearson
coefficient of 0.98, indicating with high probability the same sources of origin and
distribution trends of both pollutants. Due to the high degree of correlation, it is sufficient
to follow the trends of one pollutant for prediction. Since PM2.5 has the strongest
negative influence and is also the most influential pollutant in the AQI calculation, it is
recommended to use this pollutant for the prediction of particulate matter dispersion.

Poor air quality in the city of Pavlodar has a negative impact on public health. Exposure
to PM2.5 and PM10 can cause various health problems, including respiratory diseases
(Tatayeva & Burumbayeva, 2014; Wang et al., 2021; Yan et al., 2022), cardiovascular
diseases (Huang & Chen, 2021; Ren et al., 2021), stroke (Chen et al., 2023; Gale et al.,
2020), and cancer (Oh et al., 2023; Zhang et al., 2023; Zhou, 2021).

According to WHO recommendations, not only particulate matter, but also sulfur
dioxide, nitrogen dioxide, carbon monoxide and ground-level ozone have a significant
impact on human health (WHO, 2006). Therefore, in order to continue this scientific
research, we plan to study the distribution of the above-mentioned pollutants in the city
of Pavlodar. Also, in the future it is necessary to carry out a more complete correlation
analysis of pollutant concentrations with meteorological data such as humidity, wind
speed and direction, temperature, pressure.

Conclusion

In this study, we conducted an extensive analysis of air quality in the residential area
of Pavlodar City, Kazakhstan. Our research aimed to investigate the spatial distribution
and temporal trends of PM2.5 and PM10 pollutants and their impact on air quality. We
analyzed data collected from seven monitoring stations over the years 2022 and 2023,
and our findings revealed several critical insights.

First, the results indicate that the level of air pollution in Pavlodar City's residential
area is elevated. In 2023, the annual average concentration of PM2.5 exceeded the WHO
recommended limit of 10 pug m~ in six out of seven monitoring stations. Additionally,
the standard for PM10 (20 ug m?) was exceeded at two locations. Comparatively, in
2022, all monitoring stations exceeded the WHO annual average standard for PM2.5,
highlighting the persistence of air quality issues.

The analysis of the Air Quality Index (AQI) demonstrated that PM2.5 is the
predominant pollutant affecting air quality in the city. In 2023, only one location
recorded an AQI level corresponding to "Good", while the remaining locations exhibited
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a "Medium" level of air pollution. The maximum AQI level was observed near the
eastern industrial zone of Pavlodar City. A similar pattern was observed in 2022, but
with slightly higher pollution levels.

Our study also identified geographical correlations between industrial zones
and pollution levels. Locations near the northern and eastern industrial areas of the
city experienced higher concentrations of PM2.5 and PM10. This is attributed to the
presence of numerous industrial facilities in these regions, including major enterprises
such as Pavlodar Petrochemical Plant, thermal power plants, and aluminum production
facilities.

We further observed that the wind speed has a significant influence on pollutant
concentrations, particularly in the winter months. Pollution levels tended to peak during
the colder seasons, attributed to increased fuel combustion activities for heating and
reduced wind speeds that limit dispersion.

Statistical correlation analysis revealed a strong positive correlation between PM2.5
and PM 10 concentrations, suggesting a common source of origin and similar distribution
trends. Furthermore, we established that the distance from both the northern and eastern
industrial zones (represented as the hypotenuse in a right triangle) is the most reliable
predictor of air pollution trends within the city amongst suggested.

The implications of poor air quality are concerning, as exposure to PM2.5 and PM10
pollutants can lead to various health problems, including respiratory and cardiovascular
diseases, stroke, and cancer. Additionally, other pollutants like sulfur dioxide, nitrogen
dioxide, carbon monoxide, and ground-level ozone, as recommended by the WHO, can
also have detrimental effects on human health.

In future research, we plan to expand our investigation to other air pollutants and
consider meteorological data such as humidity, wind speed and direction, temperature,
and pressure. This comprehensive approach will provide a more complete understanding
of the factors contributing to air pollution in Pavlodar City. Ultimately, our findings
underscore the urgency of addressing air quality issues to safeguard public health and
the environment in the region.
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