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Nyamsuren L."2, Undrakh-Ireedui B.", Suvd B.?, Burmaajav B."
”Ach” Medical University

2National Center for Public Health

Introduction

Air pollution is one of the greatest environmental risk to health. Ambient air pollution accounts for
an estimated 4.2 million deaths per year due to stroke, heart disease, lung cancer and chronic
respiratory diseases. Approximately 46% of the population resides in Ulaanbaatar, and over half of
the population living in ger (traditional yurt dwelling) areas consumes raw coal, which leads to an
increase in ambient air pollutants. The Government of Mongolia took a series of actions to reduce air
pollution; one was the ban on the consumption of raw coal beginning on 15 May 2019. The aim of
this study is to describe the Ulaanbaatar air quality related to briquettes usage during cold seasons.

Material and Methods

We used ecological research design in this study. Quantitative data about air quality of Ulaanbaatar
city during the cold seasons (Oct, Nov, Dec, Jan, Feb, Mar, Apr) in 2018-2020 years were analyzed
from Department of air quality. These 5 indicators such as sulfur dioxide, nitrogen dioxide, particles
(PM,, PM, ) and carbon monoxide were selected for statistical analysis. The SPSS-20 software was
used to analyze the data.

Ethics: The methodology was approved by the Medical Ethics Sub-Committee of the Ach medical
university on 5™ of February, 2021.

Results

The average sulfur dioxide, nitrogen dioxide concentrations in the air have increased in October 2019-
April 2020 compared to the previous five years. But carbon oxide, particular matter concentrations
have decreased in the selected years. Sulfur dioxide (p <0.0001), nitrogen dioxide (p =0.001), PM,
(p <0.0001), and PM,, (p <0.0001) are differentiated before and after the use of improved fuels
by Wilcoxon signed rank test. However, the CO content did not differ from that of the briquette’s
consumption (p =0.412).

Conclusions. During the cold seasons, the concentration of sulfur dioxide and nitrogen dioxide has
increased in air of Ulaanbaatar after used briquettes, while the concentration of particulate matter has
decreased during the cold seasons.

Keywords: Air pollution, carbon monoxide, nitrogen dioxide, particular matter, sulfur dioxide
Pp. 34-41, Tables 2, Figures 6, References 16
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YHaacnan

Oanxuii HUATUAH BONOH BYC HYTIMAH X3MXI3HA
XYHUR 3pyyn M3aHAaa Heneernk 6yn 10 spcgant
XYYUH 3YWNUMH HIrg araapblH 00xupgon opx
OavHa [1, 2, 3]. LOonxuiH 3pyyn M3HOUNH
OanryynnarbiH M333IICH33p araapbiH 60XMpAnbIH
ynmaac xung gyHapkaap 4 cas rapyu XyH xapsanT,
3ypX CydacHbl ©BYWH, YYLUUrHbI xaBgap OOnoH
ambCranbiH 3aMblH apxar eBYHWA ynMaac Hac
Oapx 6anHa [4, 8, 11].

Ynaan6aatap xoT MoHron YncblH HWAT HyTar
O3BCrapuiiH aeHrex 0.3 XyBuir 33anaar 601084 HUAT
XYH aMblH Taraac unyy Hb TeBMepeH ambaapgar.
XYH aMblH WWDKUAT X646MnreeH HAMIrgdX, XOTbiH
rop XOPOOMfblIH TOO H3M3rA3x TyTam araapbiH
boxvpgon, T9p AyHA4aa TOOCOHUPbIH aryynamx
Hamargax 6awvHa [5, 9, 10, 12].

YnaaH6aaTap XOTblH XYH amblH AYyHO HapwiiH
WMpX3rnarT  ToocoHupooc  (PM,,)  yyacsH
©BYMen HWUM334 XyBUWM 333n43r Gereen TyyHUI
OPTONTUNH XUIMMAH AYHOAX X3MK33 Hb 70 mKr/
m® Gairaaraac wantraanaH XYyXauiH yyLWUWrHbl
xaTranraa, HacaHp XypardaumH 3ypx cydacHbl
eBunen Tapryymk 6anHa [13]. MoHron YncbiH
3acrunH raszap 2017 oHg 6atancaH “Araap, Op4Hbl
Boxmpaneir Byypyynax yHO3CHUIA xeTenbep”’-uiH
X3PANKUITUIAT XaHrax xypasHg 2019 oHbl 5 gyraap
capblH 15-Hbl egpeec xownw YnaaHbaatap xoTog
TYYXUA HYYPCHUIN X3P3Irnaar XOpUriox LWnaBap
raprax, cTaHgapTblH LWaapanara XadracaH
camXpyyncaH Tynw xaparnax 6anna [6, 7].

Uimaac YnaaH6aaTap XOTbIH araapblH
6oxupanbiH Yy3yynanTtyyoumr  camxpyyncaH
Wwaxman Tynw  X3parnaxviH emHex ©BoroH

Japaax YeumH X3parnasaTon XonboH cyanax
waappgnaratan 6ainHa.

3opunro
YnaaH6aatap XOTbIH araapblH TYrasman
boxupayynarygblH  aryynamxuwnr — camkpyyrncaH

TYNW X3P3rNaXMNH emHex 60onoH gapaax yewunH
Anraar xapblyynaH araapbiH YaHapblH MHOEKC33p
YH3M3x

MaTepuan, apra 3yn

OHaxXyy cydanraaHg 3KoOMorvMH cyganraamsl
3arBap awwmrnaH YnaaH6aaTap XOTbIH araapbiH
YaHapbIH XyUTHUI ynupan 6yty 10, 11, 12, 1, 2,
3, 4 oyraap capblH TOOH M3O33SUTMNT TYYBIPJSI3H
XYX3PNar Xun, a3oTbiH AaBXap WC3M, TOOCOHLOP
(PM2.5, PM10), HyypcTeperinmH AyTyy wucan
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33par 5 y3yynanTUMr COHrOH aBy AyH LWMHXUNT33
XUNC3H. TYyXnn HYypC Xaparnax 6ancaH araapbiH
yaHapblH uHAekc 2018-2019 OHbIr emHex,
camxXpyyncaH Ty Xaparnax axancaH 2019-2020
OHbII Japaax raX aBy y33H xapblLlyynaH cyanas.

Mapaanan  uyrnyyncaH  apra: Barranb
OpYMH, asanan XyydnanbH siaMHbl AraapblH
YaHapblH www.agaar.mn CalTblH 7  XOHOr

TYTMbIH M333M1M193C COHIOr4CcoH 6oxupayynary
Y3YYIANTUAr  TYyB3PM3H  aBCaH. MoHron
yNncblH araapblH  4aHapbiH  MNS 4585:2016
CTaHOApTbIH XYIILU3X X3M X3MXK33r XapbLyyraH
cygamk boxmpayynard 6oguc Tyc OypT yHanNras
erceH. CypanraaHbl TOOH M3apgaannuunr SPSS-
23 nporpamMmp WMBX  M3433nnuiH  Oaa3s
YYCrax, angaar XsHaX L3ruancHunM papaa yp
OYHIMAH  Toouoonnbir  XMWAC3H. Cyaanraadsl
TOOH M3433nnurH TapxanTtbeir Shapiro-Wilk W
test-aap TooucoHbl papaa descriptive statistics
LLUMHXWUITTI3rasp araapblH YHOC3H Goxupgyynard
y3yynant Tyc OypuiH MeguaHbl  OyHOAX,
cTaHgapT xas3aunTt, xamrunH wux 6onoH 6Gara
yTrbir TOOUCOH. CTaTUCTUK AYH LUNMHXUIT33HWUA
fapaarviH waTtaHg — camxkpyyncaH — Tynw
X9p3rnaxviH eMHe 0a gapaax yeuiH araapbiH
YaHapblH sinraatan Ganmgneir Wilcoxon signed-
rank test-asp, OoxupayynarygblH XOOPOHAbIH
xamaapnbir Spearman’s correlation test-asp Tyc
Tyc Toouoommk, p<0.05 6avraa yen ctatucTuk ay
X0Nn6orgoNTom raXx y3aB.

Ec 3yi: “Ay” aHaraax yxaaHbl UX CypryynuiH
cypanraaHel €c 3yWH canbap xopooHbl 2021
oHbl 02 pgyraap capblH 05-Hbl egpuiiH Xypnaap
cyfanraaHbl €cC 3yWH acyyanbir X3ananuyyrx,
cyganraar Xapankyynax 3eslweepen (Tortoon
21/01/09) aBy cypanraar xunraag 2021 oHbl 5
ayraap capbliH 31-HUIM egpwuiiH €c 3yH canbap
XOpOOHbI Xypriaap AyrHanT (Tortoon 21/03/07)
rapryyrcaH.

Yp AYH

CavixpyyncaH Tynw X3parnaxunH emHex 6a
Japaax araap 6oxupagyynardygblH  AyHOaX
Y3YYN3NTUNUr  TOOLOH, T3Ar33pUMH anraaTtan
Oananbir  YWUIKOKCOHbI  siNraaHbl  3p3MOUNH

Wwanryypaap TOOLOX y33X34 XMIH B6oxupayynary
Bonox xyxapnar xun (p<0.0001), a3oTbIiH gaBxap
ucan (p=0.001) HamaracaH 6GanHa. CO-bH
aryynam cavXpyyncaH TYMAWHUA X3ParnaaTan
xonbooTon TeaunneH eepunergeeryi (p=0.412)
OanHa. XapuH MexaHuk Ooxupayynardy ©onox
PM10 (p<0.0001), PM2.5 (p<0.0001) Hb OyypcaH
HanHa.
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Table 1. Average concentration of air pollutants during the before
and after the use of the briquettes, Ulaanbaatar
Pollutants Before and after the |Mean value Minimum value | Maximum Wilcoxon signed
(permissible level, use of improved fuels |(ug/m?) (ug/m3) value ranks test p
pg/m?) (ug/m3) value
Sulfur dioxide Before 31.0+£20.6 7 80 .
3 p=0.0001
(20 pg/md) After 62.5+40.1 15 144
Nitrogen dioxide Before 39.5+12.7 20 65 ~0.001*
(40 pg/m?) After 53.0£19.5 19 78 P=>
Carbon monoxide Before 1548+866.3 590 3595 —0.412
(10000 pg/m3) After 1435.5+887.2 |552 3409 p=
Before 187.0£51.7 100 281
3 - *
PM, (50 Hg/m’) After 108.5+30.7 |52 163 p=0.0001
Before 92.0+64.9 29 242
3 = *
PM,, (25 ng/m®) After 51.0435.2 23 129 p=0.0001

YnaaH6aaTap XOTblH araapblH Halpnara paxb
XYX3PIar XMINH aryynamx TYYXUA HYYpC X3aparnax
Bbanx yewrH (2018-2019) XyWTHUMA YNWUPAbIH
AyHOax Hb 31 mkr/m® GancaH 6on canxpyyncaH

TYILW X3P3IrnakK 39X3MCIH IXHUN XunuiH (2019-
2020) xyUTHUA ynupang AyHopxkaap 62.5 mkr/m?
B6onx 2 gaxvH HamaracsH 6annHa (Figure 1).
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Figure 1. Monthly average SO, concentration in Ulaanbaatar city ambient air (ug/m°)

YnaaHb6aaTap XOTblH araapblH Hawvpnara paxb
a30TblH gaBxap WCAWUWH aryynamxumH TyyxXuin
HYYpC Xx3parnax OGanmx vyeunH (2018-2019)
XYWTHUIA yNupnbiH AyHAax He 39.5 mkr/m® 6ancaH

Oon camkpyyncaH TyNW X3P3rNaX 9X3JIC3H
AXHUMA XunuiiH (2019-2020) xynTHUIR ynupang
ayHoxkaap 53 mkr/m® 6omk 1.3 gaxuH HOMIrAC3H
6anHa (Figure 2).
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Figure 2. Monthly average NO, concentration in Ulaanbaatar city ambient air (ug/m°)

YnaaHbaaTap XOTblH araapblH Hanpnara naxb
PM,, TOOCOHUPbLIH aryynamxuinH TyyXui Hyypc
xaparnax 6Ganx yewnH (2018-2019) xymTHWiA
ynupnolH ayHaax Hb 187 wmkr/m® GavicaH Gon

calxXpyyncaH Tyrw X3parnaK 9X3rIC3H 3XHUN
xmnuiH (2019-2020) xynTHWUIA ynupang AyHaxaap
108.5 mkr/m® 6omk 1.7 paxuH GyypcaH GainHa
(Figure 3).
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Figure 3. Monthly average PM,  concentration in Ulaanbaatar city ambient air (ug/m?)

YnaaHGaaTap XOTblH araapblH HaWpnara pgaxb
PM, , TOOCOHUpbIH aryynamxuiH TYyXun Hyypc
xaparnax 6Ganx yeuiH (2018-2019) xymTHWA
ynupnbiH gyHaax Hb 92 wmkr/m® GarcaH Gon

camXpyyrncaH Tym X3p3rnaX 9X3MCOH 3IXHWUIA
xunuiiH (2019-2020) xyATHWUIA ynvpang AyHo)xaap
51 mkr/m® 6ok 1.8 gaxuH 6yypcaH 6aiiHa (Figure
4).



9X3JICH33C XOWLLXW araapblH 4YaHapblH WHOEKC
(AYN)-T “OoxmpoonTon” XaM33H M3OIINCIH 7
XOHOMMIMH Too 6-aac 13 Gormk HaMaracaH Gereen
“ux 6oxmpgonTton” 7 xoHor 3 ygaa TOXWOMACOH
banHa. AYU “GoxupgonTton”, “ux GoxmpgonTton”
7 XOHOIMMMH [JaBTaMX calxpyyrncaH Tynuw
XOP3ArfacHI3C XOWW HBMIrAcsH Hb Oartpaa

eBYT3 OONOH ragaag opunHg OMEWAH XYYHUR
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Figure 4. Monthly average PM, . concentrations in Ulaanbaatar city ambient air (ug/m°)
CaixpyyncaH waxman  Tynw  X3parnax XO[enreeH Uxasp XMNOSr XyH am, yylru, 3ypx

CyOacHbl apxar eBYTaM XYH aMblH 3pyyn MaHA34
cepreep Heneenex XamxadHg OGancCHbIr UNTrax
6anHa. PM,  6onoH PM, . ToocoHuUpbiH AHN-1iH
7 XOHOMMWH M3A33Nnaac “Goxupgonton”, “nx
Soxupgonton”, “maw mnx GoxmpgonTon” eapyya
camxXpyysicaH Tymnw X3parnax XyUTHUA yrinpsibiH

xyrauaang 6yypcax 6ariHa (Table 2).

Table 2. The number of weeks according to AQI category during before
and after the use of the briquettes

Pollutants Before (AQI, by weeks) After (AQI, by weeks)
SO, Good- 15 Good- 9
Moderate- 11 Moderate- 7
Unhealthy for sensitive groups-6 Unhealthy for sensitive groups-13
Unhealthy-3
NO, Good- 8 Good- 4
Moderate- 18 Moderate- 12
Unhealthy for sensitive groups-6 Unhealthy for sensitive groups-16
PM,, Good- 0 Good- 0
Moderate- 5 Moderate- 15
Unhealthy for sensitive groups- 23 Unhealthy for sensitive groups-17
Unhealthy- 4
PM, Good- 3 Good- 6
Moderate- 11 Moderate- 12
Unhealthy for sensitive groups- 7 Unhealthy for sensitive groups-13
Unhealthy-9 Unhealthy-1
Very unhealthy- 2

XyXapnar xun GONOH a3oTbiH gaBxap WCIWIAH
aryynamx Hb XOOPOHZO0O wyya Xy4Tan (r=0.913**,
p=0.001) xamaapanTaw 6ainraa 6on PM10, PM2.5

Hb wWyya ayHa 3sprunH (r=0.775**, p=0.001)
xamaapanTtawn 6arnHa (Figure 5,6).
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Figure 5. Correlation between sulfur dioxide and nitrogen dioxide, 2018-2020
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Figure 6. Correlation between PM,, and PM, , 2018-2020
Xanuamx aryynamx 180 mkr/m?, PM, -bIH aryynamx 66 mkr/

Cygnaad I.YpaHroo, X.HapaHntysia Hap (2020)-
blH “YnaaHOaaTap XOTblH araapblH 60XMpAnbIH
XYHUA 3pyyn M3aHAOSA Y3Yynax Henee” C349BT
cyganraanbl yp gyHg 2020 OHbl 9xHWUA 3 capblH
Garpgnaap araapbiH Havpnara gaxe PM, -biH

M3 BoMmX eMHex OHooC OyypcaH Hb TOrTOOrACOH
6on 6ugHun cyganraaxbl yp ayHa 2019-2020 oHbl
XYUTHUA ynupang YnaaH6aatap XOTblH araapbiH
Hanpnara paxe PM,-biH aryynamx 108.5mkr/
M3, PM, . TOOCOHUpbIH aryynamx 51mkr/m® 6ok
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©MHOX OHbl MBH yeac ByypcaH Hb TyC cyaanraaHbl
YP AYHT3M oriponuoo 6ariHa [14].

TyyHUNaH 023px cyganraadbl yp ayHa 2020 oHbl
3XHWUI 3 capblH AyHOKaap XyX3apnar XMnH AyHAax
aryynamx 73 MKr/mM3, as3oTblH gaBxap WCHAWIAH
AyHaax aryynamxk 55 Mkr/m® 6omK, eMHex
OHOOC TYyC TyC H3MargcaH Oanraa 6on GuagHMN
cyganraaHbl yp ayHa 2019-2020 OHbl XYWUTHUR
ynupanga xXyxapnar XviH aryynamx eMHexX OHOOC
2 paxumH HAIMIrACcoH, asoTblH AaBxap WCAWMH
aryynamx 53 mkr/m® 605k eMHexX OHbl MEH yeac
HaM3argcaH b6aviraa Hb Tyc cyganraaHbl Yp AYHTIN
onponuoo 6ariHa [14].

Cygonaady  3O.Hacantortox Hap  (2020)-biH
“YnaaH6aatap XOTbIH CYYNWiAH 6 xunuinH PM,
TOOCOHLIOPTOM XONBG0OTON ©BYNeNnUnH TYBLUMHA

araapblH  6oxupaneir  6yypyynax 6oanoro,
xeTenbep, Heneenen, LaawablH YAr XaHanarbir
cygancaH Gampgan” cyganraadbl  yp  AOYHO

YnaaH6aatap xotog 2019 oHbl 10 gyraap capbiH
01-H33c 12 gyraap capbiH 01-HU xoopoHg Bytoy
TYYXUAN HYYPCHUIN X3PIrfaar XOPUrMoX 3X3MCaH
yennH PM, . TOOCOHUPbIH XOHOTMAH AyHO@X
6MHex OHyyaTan Xapbuyynaxag XxapbLaHryw
OaraccaH [15] 6ariraa 6on GugHun cyganraaHbsl yp
AYHA PM, TOOCOHLpbIH aryynamx camkpyyrcaH
TYJILW X3P3rN3acaH XYWTHUIA yrvparng eMHeXx yeac
MeH aaun 6araccaH 6anHa.

Cygnaady 3.0pbaatap, T.[aBaarataH HapblH
XUNC3IH YNaaHbaaTap XOTbIH araapbiH 6oxnpansir
2018 ©GonoH 2021 oHOOp  XapblyymncaH
cynanraadbl ayHa 2021 oHp araap gaxe PM,
PM,, ToocoHupbiH aryynamx OyypcaH GaiiHa.
©epeep xanban, PM,  6onoH PM,; ToocoHuop
AyHoxkaap Tyc Tyc 200ug/m® 6yypy 2 paxuH
fOaraccaH Hb OuaHWA cypanraaHbl yp OYHTIN
aynx 6ariHa. TyyHUYNaH Tyc cyaanraaHbl yp AyHA
XYXPUIAH gaBxap ucan (SOZ) Boxmpayynard nxcax
ayHoxkaap 400 pug/m?® xypy 6aiiraa Hb MeH BugHu
cydanraaHbl yp AYHTaM ayx 6annHa [16].

buaHun cypanraaraap camxpyyfncaH Lwaxman
TYNW  X3P3rMNaX IX3MCHIIC XOWLWX araapbliH
YaHapblH nHAekc (AYN)-T “6oxmpLonTon” XaMasH
M333MNC3H 7 XOHOMMWH TOO XYXPWUWH AaBxap
ucnunH  yea Hamargax, PM,, 6GonoH PM,,
TOOCOHUOPT OyypcaH ©Oangan axurnargcat.
Mimag xyH am anaHrysa ambcrars, 3ypx CygacHbl
apxar eBUYTaN, XNPIMCIH IMIrTINYYYA34 araapbiH
YaHapblH WHOEKCUWAr TaHwymk [16] araapbiH
OOXVpANbIH epTenTeec CIPrUANaX YagaBxvTan
6onrox waapanaratan 6anHa.

MOHTONbIH AHATAAX YXAAH, 2022, 1 (199)

OyrHanTt. CarxpyyncaH waxman Tymnw X3par-
N3CHI3C Xoww YnaaHbGaatap XOTO4 XYWTHUNA
YAWPblH  araapblH  HaWpnara gaxb XWUWH
Soxvpayynard Xyxapnar xui, as3oTblH AaBxap
WUCMWAH  aryynamx HA3M3IrgcaH, TOOCOHLOpPbIH
aryynawmx 6yypcaH 6anHa.
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