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1. Summary

Many cities in East Asian countries suffer severe haze pollution due to rapid urbanisation,
industrialising, and increasing population. Recent research shows that PM2.5 composition in
Ulaanbaatar (UB) and Beijing is highly affected by coal combustion sources, which contribute to
local and regional atmospheric pollution. Besides, there are many unidentified sources, which
become an obstacle to haze pollution mitigation.

The main objective of this study is to assess the source contributions of PM2.5 based on
approaches of isotopes and other components in PM2.5 collected at Ulaanbaatar and Beijing.
We performed intensive PM2.5 sampling from Ulaanbaatar and Beijing and adopted a sample
pre-treatment method for isotope analyses. Then, the analytical conditions of the N isotopes
were optimised. Daily PM2.5 sampling was conducted for two weeks each season, and the
chemical components of PM2.5 (ions, carbonaceous compounds, trace elements) and N
isotopes in nitrate were analysed. Regional and seasonal characteristics of the chemical
components of PM2.5 were clarified. Primary sources are distinguished coupling chemical
components, N isotopes and simulations. Finally, N isotopes (14N and 15N) of nitrate in PM2.5
aerosols are discussed to understand better the sources and formation of nitrate, which can be
crucial for improving the air quality in East Asia.

Modelling secondary organic aerosol (SOA) has remained a significant challenge due to the
various precursors and complex processes. In this study, the WRF-CAMx model was also used to
predict the ambient SOA concentrations in urban Beijing and the North China Plain (NCP) during
a polluted period in winter. Both the volatility basis set (VBS) approach and the two-product
approach (SOAP) were used for SOA simulation. Although the modelled SOA was underpredicted
compared with the SOA estimated by the OC/EC method, the VBS scheme produced higher SOA
than the traditional two-product scheme. According to the sensitivity tests with the VBS scheme,
the emissions of volatile organic compounds (VOC), intermediate volatility organic compounds
(IVOC), and oxidant levels were the key factors that affected SOA prediction.

In comparison, the predicted SOA was less affected by primary organic aerosol (POA) emission
and chemical aging during the wintertime. The potential contributions from different
anthropogenic sources and source areas were also identified using the brute-force method. Over
80% of SOA in urban Beijing resulted from regional transport of SOA or its precursors from the
surrounding areas during the polluted period. Residential emissions in the North China Plain
appeared as the dominant source of SOA in urban Beijing from the perspective of regional
contribution.

During the cold season, the air pollution level in Ulaanbaatar, the capital of Mongolia, is
frequently ranked as the highest in the world. However, due to the lack of air quality
management, the country is suffering from a deterioration of air quality. Despite the worse air
pollution situation, due to the insufficient research capacity of the country, to date, research
works on characteristics of air pollution have mainly been based on current capability and/or
collaboration with foreign institutes. The research gap in this area necessitates numerous
investigations, which could have great importance in developing mitigating strategies and



minimising the adverse impact of air pollution on local and regional scales. We reviewed

previously available studies and reports in international scientific journals on air quality in

Mongolia. Based on the current research works, future needs of studies on ambient air pollution

in Mongolia are suggested.

2. Objectives

The project aims to investigate the emission characteristics, distributions, and sources of

atmospheric particulate matter in major cities of Mongolia and China (Ulaanbaatar and Beijing).

Through the analyses of ions, carbonaceous compounds, trace elements and stable isotopes of

atmospheric particulate matter, the specific objectives are:

i) Toenhance the capability of early career researchers to set up isotope geochemical and

model studies on atmospheric chemistry.

ii) To assess the transboundary air pollution mechanism between Mongolia and China by

chemical and isotopic analyses and to identify the emission sources, transport and

impacts of air pollutants on ambient air.

iii) To suggest pollution control strategies and policies via science-policy interactions and

scientific publications.

3. Outputs, Outcomes and Impacts

Outputs

Outcomes

Impacts

Installed laboratory facilities
for aerosol analyses at the
National University of
Mongolia

More laboratory capacity to
perform aerosol chemistry
research

Improve higher education
quality in Mongolia

Developed methods for
aerosol sampling, pre-
treatment, and analyses

More accurate and precise
analyses of the chemical
composition of PM

Improve the quality of life in
individuals through research
result

Distinguished major sources of
nitrate in PM2.5

More knowledge in nitrate
sources for Ulaanbaatar and
Beijing

Reduction of air pollutants
emission

Predicted concentrations of
secondary organic aerosols in
Urban Beijing and North China
plain

More knowledge sources
secondary organic aerosols in
Urban Beijing and North China
plain

Slowing of climate change

Reviewed previously studies
and suggested future needs of
studies on ambient air
pollution in Mongolia

Clear information of current
knowledge and needs of
studies

Improve achievement of air
pollution measures




4. Key facts/figures

¢ Six laboratory basic equipment and analytical instruments were installed

* Astandard method for PM sampling, preparation, pre-treatment and analyses for ionic
and metal composition is tested in a lab at the National University of Mongolia (1
laboratory standard protocol)

*  Two early-career professionals trained

* Three peer-reviewed publications: published (1); submitted (1); in preparation (1)

® Three events: workshops (2); training event (1)
5. Publications

Papers

Soyol-Erdene, T. O., Ganbat, G., & Baldorj, B. (2021). Urban Air Quality Studies in Mongolia:
Pollution Characteristics and Future Research Needs. Aerosol and Air Quality Research, 21(12),
210163. doi: 10.4209/aaqr.210163

Dambajamts, N., Ulziibat, B., Natsagdorj, A., Tuuguu, E., Altantsetseg, D., B. Baldorj, & Soyol-
Erdene, T.O. (2021). Chemical compositions of fine aerosols (PM2.5) in Ulaanbaatar, Mongolia.
Issues of Mongolian Geography and Geoecology 42. (In Mongolian).

Zhang, Y., Huang, H., Qin, W., Yu, Q., Cheng, S., Ahmad, M., Ouyang, W., Soyol-Erdene, T.O. &
Chen, J. (2022). Modelling of wintertime regional formation of secondary organic aerosols
around Beijing: sensitivity analysis and anthropogenic contributions Carbon Research. (under
review).

Ke Xi, Jing Chen, Tseren-Ochir Soyol-Erdene, Weihua Qin, Siming Cheng, Yuewei Sun, Qing Yu,
Jing Ai, Ulziibat Bilguun, Narmandakh Dambajamts. Formation mechanism and source
apportionment of nitrate in PM2.5 in Ulaanbaatar and Beijing: comparing results between
Bayesian Isotopic Mixing Model and Positive Matrix Factorization Model. (In prep).

Presentations

Natsagdorij, A., Soyol-Erdene, T.O., Lee, Y., & Tugsbayan, B. (October 2021). Seasonal Variations
of Aerosol Composition and Sources of PM2.5 in Ulaanbaatar, Mongolia, Meeting of Korean
Society for Atmospheric Environment.

Dambajamts, N., Ulziibat, B., Tuuguu, E., Natsagdorj, A., Daichaa, D., Altantsetseg, D. & Soyol-
Erdene, T.O. (October 14, 2021). Chemical compositions of fine aerosols (PM2.5) in Ulaanbaatar,
Mongolia. 5th International Conference on Chemical Investigation and Utilisation of Natural
Resources, Ulaanbaatar, Mongolia.

6. Media reports, videos and other digital content
Not available



7. Pull quotes

I did my master's thesis work on this project. | learned many things about air pollution issues in
Northeast Asia. The project grant gave me an excellent opportunity to make my master's thesis
successfully - D. Narmandakh (Masters's Degree student)
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Appendix 1. PM sampling and treatment protocol

OPYHBI ATAAPAAC HAPUIH LIAPXITJIIJIT TOOCOHIPHIH COPbI]
OYTJAYVYJAX, COPBUBIT XAAT'AJAX, INTUHKUJITIIH/ BIJTIIX

CTAHIAPT AXKJIBIH 3AABAP

Xyp33/13H Toaopxoiy10X Y3YYJ/I3JIT HInH343r1C3H OrHxoo Copua
Oyii Op4YHBI ayraap TYPUIHJITHIH
XUMH, aprsin HTBB
reoXuMHUiiH
HaﬁopaTop“ PM2.5 macc aryyJjamix ISO]_6362
Opraruic Goxupayynaraun (IAH) 01 2020.10.21 | USEPAI13A
Metaux USEPA 1.0.3.1

VYycaar opranuk OWII HOHYYA

BoaoscpyyJican:

I[.Coén-OpanHn
b.bapxacparuyaa
. Xynan

Bb.bapc6onz
J.Hapmangax

MVUC, XypoaamdoH Oyl OpUHbl XHMH, TEOXUMHIH J1abopaTopuitH
yAHupAard, JOKTOp

BOAX, LYOILUT-uitH xappsa baiirasb Op4HBI XOMXKWJI 3YHH TOB
n1a00paTOPHIAH araapblH X3CTHIMH axjiax HHKEHep, MarucTp
MI'AMJIC-uiiH Tyciax Oarii, MarucTp

MVYMUC, Xypaa:m3H Oyit OpuHBI XUMH, F€OXUMUIH TabopaTtopuiin DA
MVYUC, XypaamaH Oyt OpuHBI XUMU, T€OXUMUIH abopatopuiin DA




OPYHBI ATAAPAAC HAPUIH HIAPXITJIJIT TOOCOHIPHIH COPBI]
OYIJAYVYJAX, COPBUBIT XAAT'AJTAX, INUHKUJITIIH/ BIJTIIX
CTAHIAPT AKJIbIH 3AABAP

XYp33J3H TomopxoiI0x 3j1eMeHT I HHIWITACIH Ornoo Copun
Oyii OpUHbI ayraap TYPIIWJITBIH
XUMH, apreiH HTBB

TeOXUMMIH

naGoparopn | PM2.5 macc aryymamx 1SO16362
Opraiuitk Goxwpayynartua (IHAH) 01 2020.10.21 | USEPAL3A
Merazn USEPA 1.0. 3.1
Yycnar oprauk OUII HOHYYT

Xampax Xxyp33: OH? apra Hb araap Jaxb TOOCOHLPBIH COpBI[ LYIJIyyJaXx, TOOCOHLIOPT
aryyJjiarjax yycjaar HOHyyaA, XYHI METaJuTyy[, OpraHuk 60xupayyiardus (0JI0H HaruparT YHIpT
HYYpPCYCTOpOrdua)-blH aryyjaaM>kKUHAT TOJOPXOMJIOXOJ 30pUYJDK ycaH XaHJ Od31TraX, OuMumi
OOJTMOHBI 3yyXaHJ XYWI3dp XaHAJIaX, OpraHuK yycrardaap XaHjylax yii siBIaj xamaapHa.

1. OPYHBI ATAAPAAC UX D3DJIXYYHTDM COPBI] ABATY
AT JIAH HAPUITH IIAPXATJIDJT TOOCOHIIOP (PM2.5)-bIH
COPBII LIYTJIVYJIAX APTA

APrbIH 3apuuM: Araapbeil’ HACOCOOp TOAOPXOM XypATaiiraap copyyiaH, GUIbTP AYHAYYP
HABTPYYJ/K TOOCOHLPHIT (UIBTPUHH IaacaH] TOTTOOH Oapuxaj YHIICIOHI. XO0OCOH 0a
coOpblUTON (UIBTPHUIH XUHTHUHH 30pYY, COPCOH araapblH AI33JXYYHJ YHADCIYK araap 1axb
TOOCOHIIPBIH AryyJIAMKUWT TOOLIOOJIHO.

Caaxg 0os10X XyuyMH 3yiiic: AraapblH TOOCOHIPHIT adpOJUHAMHK JAHAMEPTIIP SUITaH
COPBIUIOXOJ] sUITard 4yxayl YYpIrTdd TyJ sUIrard 30B aXWUIaX OyH 3COXHHUT TOTTMOJ XSHAX
XOpArTIH. AraapeiH OOXHUPAYYyJIardaslH (TOOCOHIPHIH OOJIOH TYYHJ aryyiaraax XUMHKWH
OYpAIIRXYYHUIR) aryylaMKHIT TOYOOOXOJ] COPBIIOJICOH araapblH 333JIXYYH 4YyXal TyJ araap
COPOTYHITH XypJ TOTTMOJI 06ree;] 36B XAOMKHTIK 0aifx IIaapaiaratau.

1.1 Xaparisradx maTepuali, ypBaaKyyl

- Copsbl aBax GUITHD
- Xsamcaa
- boonnit
- CopbIbIH r3p (MEHTeJIer 11aac)
- Coppll T29BIpIIdX Xaupuar
- CopsbI1 xagaranax xaipuar
1.2 ToHor TOX0OPOMIK

- DJIEKTPOH KUH




[TaTaax 3yyx
Hecukarop (Xascpanr 1, 3ypar 1)
WX 33351xyYHT copbll aBary (Xascpant 1, 3ypar 2)

1.3 ®uabTpHiir copsu aBaxaja 03J13X, KHHIIX

13.1

1.3.2

[IMHXUATIIHT TOXUPCOH MaTepranTaid GUIbTpuiT cOHroHo (XaBcpanr 2).

byx TepnuiiH GUIBTPYYAMNUT alIUTiaH COpbll aBaXbIH TYJIJ YPbIUHIICAH OOJOBCPYYJIIK
OdnITraX mmaapaararaii Gadmar. YyHA: MacChlH XOMKUITIA UYUUTHIH HOJIOOJUIUNAT
apuiIraxbiH Ty QUIBTPUNT HOXLEJDKYYJIIX YT aXuilaraa, KBapl GuibTpT IHUHIICIH
6aii 00I30LITYH OpraHMK YypbII apuilraxajl ypbAuWIaH KUTHAX YT aXXKUJUIaraanyyn
XamaapHa.

QDunvmpuiiz noxyoenxcyyaix/filter conditioning/

Q@WIBTPT LyTaapcaH TOOCOHUPBIH MACC aryyJaM)KMHUI TOAOPXOMJIOXBIH TYJIJ COPbI
aBaxblH 6MHO OOJIOH COpBIl ABCHBI Jlapaa TeMIIepaTyp UYMHTMHAH XSAHAITTAll OpUMHA
GuIBTpUIT eHIlep HapHMBWIANTalraap >KUHISX IIaapanarataid 6aigar. ToocoHLpbIT
X3MXKHUX CTaHAApPT apradjajiblH jaaryy Tortmon temmeparyp (20°C ~ 23°C) + 2°C
yuidrmmmit (30% ~ 40%) + 5% opumna 24-48 paruiiH TypLI HEOXIEJDKYYJIIX
H1aapJiaraTaid r3»K y343T. DOH3 Hb COpbIL JaXb YYpPIIMMTral HATUIYYIUNH aJlJarijibir
Oaracrax OOJIOH yCHBI YYpPBIH HOJOOJUIMUAT Oaracrax 3opuiarotoit oM. Copbll aBaxas
aIIUriIax MUHD GUIBTPUIT 30pUyTANTHIH CaBaH XUIDK (CaBHBI TATUHT HIK (PUIBTPUITH
OpYHMM araap 4eJjieeT3i cIIraxkK Oaiixaap OaipayyiHa) TOOCTYH OPUYMH] HOXILIOJDKYYIIHD.
QUIBTPUIH HOXLOIDKYYJIX XyralaaH/] CaBHBI TarWWT Xarac HI3ITTIH Oairana. DH)
yilll akuiularaanbl YeJl XOHJUIOHTMIH HeJIeellell]] ©pTCOH 3CIOXUUI TOTTOOXBIH TYJI
nabopaTopuiiH OJaHK UIBTPHUIT amUTIaHa.

Keapy gpunvmpuiiz xamaax/filter baking/

KBapu marepuanaap XUHracsH (GUIbTp Hb OPraHUK YYpbIT YPIaJDK IIMHIDIK Oaiinar.
Witma GuabTp MIKMHIACOH OPTaHUK YYPBIT apWIraxblH TYJA X3MXKWITAHJ allUriaxblH
emMHo Tmartaax 3yyxaHn S550°C  rtemmeparypr 4 UaruiiH Typil — IIaTaaHa.
XaTaacaH/’KMUTHACOH (WIBTPYYIUIT OpraHUK yyp JaxWH IIHHIIXI3C COPTUIIK
MOHTeJIer 11aacaap J0TOPIOCOH 30pUYIAITHIH CaBaH I XUIK TAarUNUT cailTap OUTYYMIKIIDH
COpBII aBaxX XYPTAJI XOprerynH 1 XxaarajiHa.

1.4 OuabTPUIAT KUHIIX

JKuHr yruupras JOPruoH, araapblH ypcrajiaac caitap TycraapiacaH, MeH J1adopaTopuitH
©OpUIH araapaac TOOC TOOCOHIIOP, XM IIMHXWDK Oyl QuiabTp Heneenexryil Oaiix
HOXIIOIMUT OYpAayYsIcoH Oaiaar.

JKunruitn apraap GuIBTPUH MAaCCHIT TOJIOPXOIMIIOX @KU caaj 00JI0ry XYUuH 3YIHI Hb
CTaTUK IPHATUUH Heseesen Oaiinar. GuiabTp IP3PX YIASTARI LIPHAT Hb CTATUK IPHAT
YYCT2K JKHHTHHH METaT XACTYYATINA YHTWIIICIHIIP XYHIUHH XYy4HHA Oyc
HOJIOOIUTMHAT YYCraJor. UiiMa GUIBTPUNT KUHIDXUHH OMHO CTAaTHUK LPHAT apuirard
aIIMTIIAX XOMXKIIMIH ajjaar OaracraHa.

QOWIBTPUIT JIEKTPOH KHUH JI33p 3 yJaa >KUTHIXK, KUHT TAMASIIIK aBHA. ToOI0OHA
QYHJ@X yTra aluriasa.



1.5 Copbu aBax

CopbIl mynityynax GuibTp OYpUHUT J1aOopaTOPHI MIOIITOIK, XIMCaa allTUuTiIaH TOXUPOX
¢unbTpuitH rapau] OalipnyyiHa. Lllomro OypaH, TOA, 36B XMITCIH 3CAXUMIT MIANraHa.
Araap HIBTPIXTYH caBaH] (Xalprart) 0alpiyysK COpPhIl aBax razap pyy aBaadmHa.
CopsIl aBax 1aT 193p PUIBTPUNAT TIPHIIC Faprax, COPOX XOOJIOHUTON XOJIOOTICOH COPBIT
aBarduitH TOJTOU]T XUIDK 03X3ITHD.

30puIT00C XaMaapy COphIl aBax Xyramaar 1-,3c 24 mar XypTan TOXUpPYYJIHA.

Coporu Hacoc OOJIOH Xyralaa X3MKUTUUNAT aKUJUTYYJTHA.

X5p3B  ypcrajn XsHaX TOXOOPOMKHHUI HUUT 933JXYYH XOMXKHUIYTIH XOCIyyJjaH
XOPATIAIBAL  COPBIMMH 333JIXYYHUIT COpBI] aBax Xyramaanbl 5X3H 0a Tercreiuj
933JIXYYHUH TOOTYYPBIH 3aaJIThIH 36PYYI33p raprasa.

X5p3B ypcrail XsHax TOXOOPOMKUUI YPCTajblH XYPIBIT XAMXKHX TOXOOPOMKTIN
XociyyJcaH Oo0Jl COPBLUMIH 333JIXYYHUHI IyHI@X YpCrajJblH XypA (XdMKWITHUIH
XyramaaHbl 3X3H 0a Tercrejj XaMruiH Oarajaa ypcrajiblH XypJHaac TOOLIOOJHO) Oa
COPBLMJICOH XyralaaHaac TOOL00JIHO.

Coppl1 aBax XyramaaHsl 3X3H 0a TOrcresi yperaja XaMKUX TOX0OPOMKUNH akuijiaraar
LIAJIFaXbIH TYJIJ YPCTaJIbIH XyPJ X3MKUTY TOXOOPOMKHUIT allIUIIaxX Xdp3rTai.

Copbl1 aBCHBI 1apaa HaCOCHIT YHTPaaHa.

Coppl1l aBar4uiii TONTOWHOOC PUIBTPTIH (GUIBTP TOTTOOTYHIAT rapraxk aBHa.

Coppi Oyxuii GUIABTPUIT MOHTeNer maacaH IrIpIHjA OylaaH XUk, araap HIBTPIXTYH
TIIBIPIIX caBaH (TIIBIPIAIX Xalpuart) OaiipiayynaH, COpbIl OYXHMH TaJbIl 33U
XapyyJaH T39BIPJIdHI.

T29BapiaX caB (Xaipuar) -bIr X9BTI? Oaifyraap TIIBIPIIX XIPIrTIH.

JlaGopaTopun wupcHU napaa copbll OyXuil (QWIBTPUNAT TIPHIIC XsAMCaa alluriiaH
raprasa.

1.6 Copbu 0yxmii pUABLTPHUIT XaAraaax, ;KUHIIX

CopsIl aBcaH QUIABTPUIH TOOC XyPUMTIIAT/ICAH TAJBIT JIJII XapyyJdaH 30pHYJIaIThIH
CaBaHJl XWIDK KWUHJIAIX XYpTdan jabopatopuiin xepreruywsa (4°C) xaaramk OOJHO.
Jrmpmxuit opranuk 6oxupayyaard (ITAH 33par) togopxoiinox 60y coppruir -20°C-
93c Oara TeMIeparypT XajaraiHa.

Copall OyXHii CaBHBI TAaTMUT HI9X33C OMHO TacallraaHbl TeMIEPaTypT 1-2 MUHYT Oalarax
XOPATrTAd. YUup Hb TarMHT 1IYY]T H33B3J XOPrerdHeec rapyd UpCiH XYHTIH QUIbTp 133D
YCHBI Yyp KOHJIEHCAIJIar/1ax coper HeleeT3i Oaiinar.

Copbll aBCHAAC XOMIII HAT KWJIMKWH JOTOP MIMHKUIITID XUNHH?.

Copbibia 10-aac moomryit XyBb, 3CBA TyXaH marT 10-aac 11eeH copbll aBcaH 001
Oaragaa HOT MIUPXAT XOOCOH (OJIaHK) COpbIl aBHA. bIaHK COPBIMIH (QUIBTPHITH
COPBILTON U HOXIOJKYYITH?.

Copbll  Oyxuil (QUIBTPUIT JKUHIDXUHH OMHO MOH OMHOXTIN WXKWI HOXIOI]
HOXIIODKYYJIPX 0a CaBHBI TarMUT HAIXIIC OMHO TacajraaHbl TeMneparypT 1-2 MUHYT
Oailrax X3partil. Yuup Hb Taruir myyJ H33B3J XOpPreriHeec rapuy UpCiH XYHTIH
GUIBTP 3P YCHBI YYp KOHJEHCAIIAT/IaX COPOT HOJIOOTIM Oaiiiar.



- Copsl Oyxuit GUABTPUIAT ITEKTPOH KHUH AP 3 yIaa *KUTHIK, )KUHT TAIMAITIIIK aBHA.
ToorooHa AyHIax yTra aniriana.
DuaLTPTIN AKNILIAX

- OunpTpToi 36BX6H 30pUYJIANTHIH XYPYYyBY 3CBAJ BUHWJ (HYHTArTYi)-uiH 03371UNTHi
aXWUIaHa. DHA KYPMBIT X39pUMH COPBLUIONATHIH yea O0JI0H )KMHTUITH epeeH/]] 3aaBajl
MOp/IeHe.

- @uupTp IPX COPHLOHJ METAUIBIH IUHXWIT? XUHX 00J1 METall XsMcaa aluriaxaac
3aiyicxuitHa. banmuiTail Xypyyraap 3CBaII sMap HAI3H TOPIUNH XaMcaaraap GUIbTPTIN
QXKUJUIAX TOXUOJIO0JI COPBIL LyTJIapcaH X3CAIT XYPIXd3C 3alICXUIH).

1.7 Macc aryyJaM:Kuir ToI0pX0ii0x

ToocoHIpBIH Mace aryyiaaM»Kuir gapaax Oaiiimaap TOOLOOHO.

C = (Mp;—M,)—(B2—Bq)
Vo !

me/m3

- Ona C- TooC, TOOCOHIPBIH Macc aryyjiaMmK, Mr/m3

- Ma2- Tooc nyrayyncHsl napaax GUIBTPUIH KUH, MT

- Mi- Tooc myriyysiaxblH ©MHOX GUIBTPHUIH KUH, MT

- B2- Tooc nyrinyyncan GuiIbTpHIT KUTHAX YeUIH OaHK QUIBTPHUIH KUH, MT
- Bi- Tooc nyrnyynax ¢puiabTpuiiH KUTHIX YeUilH OaHK QUIBTPUITH KUH, MT

- Vo- X3BuilH HOXIOJI IIIJIKYYICIH COPYYICAH araaphblH HUHT 333/IXYYH, M°

Tooc TOOCOHIIPBIH Macc aryyJaMKUUT TOJOPXOHJICOHBI Japaa copbll Oyxuil GuiabTpT Oycan
XUMUIH 3a/171aH MIUHXUIIAT XUHK O0JHO.



2. ATAAPBIH TOOCOHIIOPT OJIOH LIATUPAT'T YHDPT
HYYPCYCTOPOI'YM/I TOAOPXOMJIOXO/ 30PUY.JIK COPBLBIT
XAHJIJIAX APTA

2.1. Yycrarumja

VY1 mepuiiH Tenuit aryynaraax OOJUCBHIH IIMHKHIIIH] X3PATIATIAT OHIep LPBIPIIUIATTIN
TOJIyOJI, IAKJIOT€KCAH, JUXJIOPMETAH, al€TOHUTPHII 39PIT YyCTardbIl' allluIJIaHa.

2.2. XaHmuiajar
CopbIIbIT Japaax apryyjaaap XaHiallHa:

Hapasruitn xanant

CoCKIIEeTBIH XaH JIaNnT

TypracracasH yycrarauitH XaHajiaJjir
VY IbTPAaCOHUK YUUHPIIOH XaHJIANT
boruno noArvoHkI XaHIaNT

DAr’3p apryyasbH Tajuaap JA00p Taiibapias.

I39pxu apryyn Oyra araapblH TOOCOHIIOPT aryyJiariax OJIOH Iarupart YHIPT HyypcTeperd
00J10H Oycat 00IUCHIT OPraHKK YyCrardul yycrana. X3paB XaHIbIH 3ICUIH 333JIXYYH M3IATIK
Oaiiraa 0ereeJl HAMAJIT IPBIPIX MIAT IaapUIararyd TOXHOJIONA MAacC NETEKTOPTOW XHIH
xpomarorpad (GC-MS) OGaraxk ammuriiaH HMIUHXWITAT MYy XAK 007aHO. DiIropecreHi
JIETEKTOPTOW IUHIIHMIA XpoMaTorpad Oarax amuriax 001 XaHbIT Xyypaid 00JITOJ yypIIyyIDK,
TOMOPXOM 9I33NIXYYHTIH ameToHUTpuia yycraruuj yycrana. [laapmmaratait 601 XaHJIbIr
KOHIIEHTPAIMKYyJIaxaac ©MHO ILPBIPIHA. XaHAA MIyyJ IIHHXKUITD XUUXTYH yel yycrard
yypumx, 00auc 3aapaig opoxooc capruilink 6°C-aac 6ara xapaHxyi OpUYHH] HAT cap XYpTAI
Xyraraaraap xaaramK OOJTHO.

OHaxyy xamianteiH apryya EN 15549, EN 15890 cranmapt apraap jiabopaTopblH OOJOH
XOHJUIOHTHIH OaTalnraakyysaajlT XUUTACIH.

XaHAnanThlH sBaricaHbl Japaa yycManJ (QUIbTPUIH OOJOH TOOCOHLPBIH JKMXKUT X3CIYYI
6aiiBai XaHIBIT 30XUX GUIBTP (yycrardaap ypbIuujaH yraacaH HIMJI3H XOBOH (UIBTp) - 39D
myyx Imaaparatail. Illyyx sBumag rapax angaragaac CIpruiipk  Xiparidrayk  Oaifraa
MaTepHaJIbIl' yycrardaap XaHrajirTai 3aiiiHa.

Hspnseuiin xanonanm:

QOUABTPUNT SKWKUT XACTYYIRA XyBaaH, XaldwiHa. OUIBTPUMH XACTYYIUWUT HAPJISTUNH
anmapathlH 00/ KOJOOHI OalpiyyiHa. 7 MJ TONYOJ HAMX, XaHJUIANTBHIT HAT Lar sBYYJIHA.
XeprecHuil Jaapaa XaHIbII TACTEPblH NUIUTKA AalIUIJAaH Xypyy MWAIAHA UIWDKYYJIHD.
XaHAJaNThIH KOJOBIT OWPOIIIOOroop 3 MJI OpYMM TOJIYOJIOOp TypBaH yiaa 3aliDK, 3aiiyicaH
YYCMaIIyyAbIT XaHJ J133p HAOMHA. Macc cnekTpooToMeTp AETEKTOPTOM XuilH xpomarorpad
Oaraxaap IMHKIPX TOXUOJION] XaHBIT L[PBIP a30ThIH 360JI6H ypcranj oipoinooroop 1 mi
XYPT3J1 KOHIIEHTpaUnxKyyiHa. DiopecleHI] 1eTeKTOPTON MUHIIHUA Xpomartorpad Oaraxaap



MIMHXKIIIX TOXUOJAO0J] XaHABIT Xyypail 001T0sI GOIrOOMKTON YypUIyyJDK, YIIATAIUNr 1 mi
933JIXYYHTIH alleTOHUTPUII yyCraruuj yycrasa.

Cokcnem xanonanm:

Vycrardaap yraacaH XsMmcaa AallWrjaH (UIBTPUMr COKCIEThIH ammaparaj OalpiuyysiHa.
OunpTpuiir 200 M1 opuuM TOIYOJ00p XamMruiiH Oaragaa 20 mar xaHrana. COpbIOHI HTYY/T
I3p3J1 Tycax, anmnapaThil TyjaaH Oaiiarax XaHJUIardiiH HUKIMAH Hargir 6aracrax 30puiroop
anrmaparthIr MeHTeJIer aacaap OypHd. Yycrard XepceHHil gapaa anmnapaThIl cajarasa. Y JII3ran01
yycrarauir 0eepeHxuil €poosiToii KOMOOHA XWHH, XairaaHa. Macc cHekTpopoToMeTp
JETEKTOPTOW XMHH Xpomarorpad Oaraxaap MIIMHXKISX TOXHUOJIOJI XaHIBIT L3BIP a30ThIH
300JI6H ypcraji oupoanooroop 1 Mia XypTann KOHUEHTpaLuuxKyyiHa. diropecienn JeTeKTOpTon
MIMHTHUE  XpoMartorpad Oaraxkaap MIMHXIDX TOXHONIONI XaHIBIT Xyypail Oomron
00JATOOMIKTON YYPILYYJIK, YA IUIMUT 1 M 333JXYYHTIH alleTOHUTPUII YyCTrarduJl yycrasa.

bocuno ooncuonvt xanonanm:

XaHAJanThIr 0rMHO JOJATMOHBI 3aJJapraaHbl 3yYXbIT alllUTJIaH SABYYIHA. XaHJIANTHIT 30XHUCTOM
SBYYJaXbIH TYJJ YHIABIPIArY3AC rapracal 0araxHsl 3aaBpbIl’ MOPAeXK axuiuiaHa. GuibTpuir
teduon (monuterpadropatuiieH - PTFE) caBang xumitk, 15 mia yycrard H3MH?. XaHAJIaIThIH
Jlapaa, COpbUTON TE(PJIOH CaBbII' OHTOMIITOX00C 6MHO ©POOHUIN TEMIIEPATyp XYPTAJ XOProHe.
Macc cnekTpooTOMeTp IETEKTOPTOH XWifH XpomaTorpad Oaraxxaap MIIMHMKIDX TOXHOJIOII
XaHJBIT LIPB3P a30ThIH 306JI6H ypcrajj oMposooroop 1 M XypTaia KOHUEHTpPALMXKYYJIHA.
dmropeceHI] IeTeKTOPTOHN MUHMHUN XpoMaTorpad Oarakaap HIMHAKIIX TOXUOIIOI XaH/IbIT
Xyypaii 00ATON OONTOOMMKTON YypUIYYIDK, YIJATATUUT | M 333IXYYHTIH aleTOHUTPHI
yycrarduj yycrasa.

Xangnanteir 400 B-1 20 MUHYTBIH TypIn sSiByyJiHA (8 caB).
Typ2aczacan yyceacuuiitn xanonaim:

: XaHTaNThIT 30XUCTON SIBYYJIaXbIH TYJIJ] YHIIIBIPIIAIYIAC rapracad OaraxHsl 32aBpbIl MOPIOXK
aXWUIaHa. YycrarduiiH XdMKI3T OaracraxblH TYJA DJC X3pAriadk OosnHo. DunbTpuiir
XaHAJaNThIH KaMepT (extraction cell) 6aiipmryymx 120°C, 140 Gap mapanrtag 5 MUHYTBHIH TypII
xaHanaHa. XaHUIaNThIT TypBaH yJaa sByyJHA. YJIJIATIDI XaHAyyJl aBTOMaraap HAMATIDHD.
Macc criekTpoOoTOMETp IEeTEeKTOPTON XUilH xpomaTtorpad Oaraxkaap HIMHXKIIX TOXHOJION]
XaHJBIT 1PB3P a30THIH 306JI6H ypCrajj oMponooroop 1 M XypTdin KOHUEHTpPALMXKYYIIHA.
@dropecieHI] IeTeKTOPTOM IMUHMHUM XpoMaTorpad Oaraskaap MIMHKIIX TOXHOJJION] XaH bIT
Xyypaii 00aTOJI OOJTOOMIKTOW YYpPIIYYJDK, YIAIATIUIMHT 1 MIJI 333JIXYYHTIH aleTOHUTPHI
yycraruuji yycrasa.

Yaempaconuk xanonanm:

OWIBTPUIT KMKHUT XACTYYIRA XyBaaH, XM ajjaxryd Tarjaatail muia caBaH OaiipuryyiHa.
@OUABTPUMH XACTYYIRA 5 MJ yycrard Hamx, tariana. 10°C-g 15 MUHYTBIH Typill YIBTPOCOHUK
OaHH] XaHAJaHa. XaHABIT 193D AYypbJCaH aprawiaiblH Jaryy myyH?. OUuiabTpuir yuar e
naxuH Xxo€p yaaa xananana. lllyycoH rypBaH XaHIbIT HHITYYIH?. Macc crnekTpodoTomMeTp



JIETEKTOPTOW XHMHH Xpomarorpad Oaraxkaap HIMHMKIJISX TOXHOJIOJA XaHIBIT LBIP a30ThIH
300JI6H ypcrajl OMpoaooroop 1 Mia XypTan KOHUEHTpauuxkyyiHa. iaropecienn JeTeKTOpTon
IMIMHIHUE  XpoMartorpad Oaraxkaap MIMHXJISX TOXMOJJOIA XaHABIT Xyypall Gonroi
00JITOOMXKTON YYPIIYYIDK, YIATAIHAT 1 MIT 333JIXYYHTAH alleTOHUTPHI Yycrardus yycrasa.

2.3. Toxupox yycrarayyna

Xycnart 1. Xanananrang TOXUPOMIKTOM yycrardyyabslH M3

XaHJIAJITBIH apra Yycraru
Hoapmaruiin TOJIYOII
CockneTsiH TOJIyOJI, T€KCaH/alleTOH XonuMor 1:1, nuxnopMeran
boruHo nonaruoHsl rekcas/aneToH xonumor 1:1
TypracracaH yycrarduiia TOJIYOJI, IUXJIOPMETaH, TUXJIOPMeTaH/Tekcan xonumor 1:1
YapTpOCOHUK JUXJIOPMETaH, TOJIyOJ




3. TOOCOHIPBIH COPBIBIH YCAH XAH/I BOJITIIX, YYCAAI' HOHYY/IbIH
ATYVYITBII TOAOPXOMJIOX

Aprbiz yaad¢: CopbIl 1axb HOHYYIBIH TOOHBI 00JIOH YaHAPBIH aHATTU3 XUHX STH3 OYpUIH apryy I
Oaifnar. DArnpadc XaMIMiH TYT33MAJ1 allMIIarjjiar TexeepemMx 00y HOH XpoMarorpad oM.
XpomartorpaguifH aprblH YHASC Hb XO/OJTeOHT OOJIOH XOIeNreeHryil IacoH 2 ¢a3biH
TyCJIaM)KTairaap Xousbll 1axb OOTUCYYABIT suraxaj opiaor. COpbLbIT TOX00POMKUI OTCHUN
Jlapaa Xeerd yycMmajaap TYyrJAaH HOH sirax OaraHaja o4HO. Slnrard GaraHblH LPHITIIATICOH
X6J0IreeHTYH (ha3bIH YHITWIAIIGP COpPhLL 1aXb HOHYY/ IIyBaaH { OpIOT. DAr33p LyBaaH ] OPCOH
WOHYYZ  Hb  JETEKTOpOOp  OYpIrdradxad>  XyramaaHbl — XyBbJ  IlyBaa  YYCIIC3H
XpOMaTOrPaMMYYIBIT XapyyJiaar. X3MKWIT 3XJIIXUHH 6MHO OJIOH IPIT KATMOPOBK XWX 0a
CHUCTEMHUITH aKHMijIaraar majraXxbliH TyJa A0TOOJ CTaHAAPT alllvIjiaHa. AFaapI)IH TOOCOHIPBIH
MacchIr Oypayysard rojuiox HOHYyA Hb yCaH]l yycaX IIMHX YaHapTail 6aiinar 0a COpbIbIT ycaH
OpUYMHI XaHJA’K IIWHXKHJIT29T FYI\/’III3TF3}13F.

3.1. Barax x3p3rJnJ, W1 caB

- Honsl xpomarorpaduiin cucrem

- 50 MI-uitH XypyyH LN

- Coarcpard 3¢Bai yiIbTpa COHUKATOP

- Hbor ygaarwniia 0.45MKkM-uitH MeMOpaH myyaTyyp, Tapuyp
- 25 MJ XOMIKIICT KOJIOOHYY/T

3.2. YpBamxk 6omuc

- MertaH cyab(QOHBI XYUHJI (KATHOHBI X00X YyCMal) X.II
- Hatpwuiin runpokcus; (AHHOHBI X06X yycMai) X.I1
- 7 aHUOHBI XOJUMOT CTaHIAPT yyCcMall

- 6 KaTMOHBI XOJIUMOT CTaHAAPT yycmall

- HonryixyymncsH yc

3.3. Copbu xaHAJdaX, IHHKWIT? XHHX.

50 MI-uitH XypyyH LIWI3H] COPbI] OYXUil (QPUITHPIIC TOOCOHIPHIH XAOMKIIHIIC XaMmaapyysaH
2x2 cM-33¢ Oararyi X3MKI9TIH X3pUrK XUUrana 20 MII HOHTYHXKYYJICOH yC XUk 30 MUHYT
yJIbTpa COHUKATOpP OaraXMHI XaHJATHA. XOMKHUIT XUUXUIHH 6MHO COPBLBIH YyCMalbIl HAT
ynaaruitH 0.45 MKM-uUiH MeMOpaH WIYYATYYpIdp LIYYII3 HOHBI XpomaTorpadaap cOpbIloH
JlaXb AHMOH, KaTUOHBI aryyJaMXUUT KULIUX MYyPYH alIuriiad ToJOpXOoHiaHo. 50 133K TyTam]l
HAT XOOCOH COPbI] XaHJAK ITUHKUITH).

3.4. HIMHXWITIIHUN TYHT TOOL00J0X:

Araap naxs | nonsI aryynamx Ci-r japaaxb TOMBEOTOOp OJTHO.



~ Cxnx20

'V x1000
DHIT:

Ci - araap 1axb | HOHBI aryynamxK, MI/M>

V - copyyJcaH araapslH 3379XYYH, M°

C - COpbIIOH /1aXb | HOHBI aryyiaaMiK, Mr/J1

N- GUIBTPUITH HUUT Tanbail 0a XaHTaNnTaHa aBcaH XICTHIH TanbaliH Xaphliaa
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4. ATAAPBIH TOOCOHIPBHIH COPBHIBIT XYUYJIMHH XOJIUMI OOP BUUN.I
NOJIT'MOHBI 3YYX AIIUTJIAK 3AJIVIAX, METAJLJIBIH HIUHKWJITID
XUNX

ApreiH 3apunM: BOrvHO [OJTHOHBI 3yyX AaIIMIVIaH TOOCOHLIOP OYXMH KBaplblH LIWIH
GbuabTpI3C Opranuk O0yc 0oAMCHIT Xy yycraHa. COpblbIT HHTMK YyCMaJl ITHWDKYYJICHUMA
napaa ICP, ICP / MS, FAA, GFAA 33par 6araxaap MeTaJIyyAblH aryyJrbir TOAOPXOMIHO.

Caap 00s10X XY4HH 3YHJIC:

OpuHBbI araapblH KBaplblH UIWJISH LIYYJITYYPUHT TOOCOHLPBIH MaTE€PUAJIBIT JOTOTLOO ypTaall
Hb Xarac HyrajbK, XaMraajalTblH IYTTYWHJ Xuik aBax €croil. Jlyrryit OyXui A32:Kuiir
HIMHXKWI? Xuix xyprain 15-30°C-n xaaransa.

CopsIbIr Xaaranax xamruiiH ux xyramaa 180 xonor OaitHa. Copeubir 180 XOHOTHIH JOTOP
A HKAITHD.

AraapblH TOOCOHIPBIH COPBIUNT TaclaH aBaxjaa COpPbLl IIMTIX, OOXHPAOX00C CIPTUilX Oa
COPBIMIT OYPAH yycCrax, )HHTHIH angarjanryi Oaiixas anxaapHa.

4.1. X3parariagx Mmatepual, ypBaaKyyI:

Buuun ooncuonwl 3yyx 6a oycao mamepuan
- buuun gonruonsl cuctem. 600 BaTT XYpTAJ1 YaJIblH, MpOrpaMujariax ToXupyyJraTtai,
[aXWUJITaaHbl TOTTBOPTOM, CaifH X YYCBIPTIi Oaiix.

[Auxaapyynra: XyHCHUH OOJIOH TAp axXyWH XdIPATIIIHHUA OOTHHO JIONTHOHBI 3YYXBIT
3K GonoBepyynaxan ammraaxk BOJIOXTYI. 3yyxHel XeHAMii Hb 33BPANTIHN
TICBIPTIM, araapKyyjailT caiitail Oailx €cToi. ArOyaryi axuuiaraaHbl XyBbJl OyxX
LAXWJITaaH X3pATCIUIT 39BPAIITIIC XamraajacaH 0aix €cTo. |

- PFA Teflon® mprax 3ammax caB. 120 psi XypTaiax AapaidThIr TICBIPIIX daaBapTai. 120
psi (60-120 mu Garraamskraii) -aac A331II JapayiTTai ye/I JapaiaThil XsIHaX CaB

- Teflon® PFA 3anapraaunsi caB. (60-120 mu1 Oarraamkraii), OUTYyMAKIIAI Malll caifH Oaix.

- Opraaar TaBuyp. 3yyXHbl JOTOPX JIKHUUT KHUTTT XOJI0ITOX.

- Xomxoacr wuHap. 50-100 mut 6arraamikraii (6opocuHKar).

- JP»k Xxanrajmax 30pUyJANTTail LW, IMOJMATHIEH 3CB3J1 HIBUMITTYH OypXyyaTaid
MOJIMIIPOIUIIEH CaB.

- Uenrpudyruitn xoomoi. 50 MJI TOJUMPONIIEH XOOJOW, TOJUIPOIIICH 3PIr3JAT
TarjaaTau.

- Nylon acBan Teflon® 0.45 um TapuypbIH myyJaTYYP.

- VYraax O31TracH 15 MIT HOJIUMPOITUIIEH X000, MOTUIPOIIUJICH IIypar TarjaaTau.

- Tunerka. 0.1 M 6a TYYH?3C 23111 HApUHBUIANTAM, CBAJT aBTOMAT MUTIETK.

- XamraanantsiH Mack. Copbll OyXuil pUIBTPUIT OT'TIOX Yea OMCOX.

- X5BMXI3CT TaBuyp. OUIBTPUNAT OTTIOXOM XIPITIIIHI.

- Ilunua tacnard, HUMMH ayryid. Upuiir TorrMon 1peapinHd (<1 MM 3y3aaHTaii).
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Opryynsrait Xxonury (vortex mixer).

JlaBCHBI XY4mII. AHAJIM3BIH IPB3P OYI0Y TYYHI3C 331 IPBIPIIUITTIM.

ABOTBIH XYUYWI. AHAIHU3BIH IPBIP OYI0y TYYHIIC AT LPBIPIIUITTIN
Nownryiixyyiacsu yc (Milli Q Oytoy TYyHT?# ay#ipxyiiin)

Xanmiax yycmai (5.55% HNOs / 16.75% HCI). ~ 500 mui-uiiH HOHTYIKYYJICOH ycaH
19p 55.5 mn xonnentpamutait HNOs, 167.5 mn konuentpanutail HCl-uiir HIMIK,
MOHTYI)KYYJIC3H ycaap HAT JIMTP XYPTAT MIMHIAIDK O3ITIH?.

4.2, AXKIBIH ABIL:

(I)I/IJ'ILTP TacjJaxk aBax.

Jlarmaraa apraj 3aacHbl Jaryy cyyps 0a 3ycard ammriax 8 "x 10" ¢pmibrpasc 1 "x 8"
Tyy3aH X3109p T3l Xaitunok aBHa. JIabopaTopuitH OMYMII TOJATUOHBI XaHJIaX CUCTEMHIAT
aIlIMTIIaH METaJUIBIT JaBCHBI/a30ThIH XYWIMHH yycMajaap yycraHa. XeprecHuil aapaa
HIMHIHUNAT calTap XOJbX, YyCHarryd MaTepHANIbII 3aiiIyyJIaxblH TYJIJ TapUypbIH
nIyyJatyyp amurias myyHd. Yycmansir ICP, ICP/MS, FAA, GFAA-aap IMHXII3HD.
X3P3rIdXUIH OMH6 IIYYX X3P3rcadl, MOJIUCYIb()OHBI HEHTPUPYTUNHH X00JIO0U, Tar 00JI0H
Oycan 1abopaTOPHItH XAPIMKIYYAUNUT PHKUINH OOXUpAyyIaxaac COPTUNIIH XYUIdIP
yraasa.

['anrap yyTtas (BUHWIT) 093511 amuriad GUIbTPUHIT MPHAIC raprax XyByypHUT CYyypUH/L
TaBUHA.

J33:KUiAT G0XUPATIOOC YPbIUMIAH COPTUMIBXUIAH TYNI CyYypb, OYPXYYJl, 3YCIX XYTThII
11PBIP, Xyypai Kimwipe®-33p apuunHa.

XyBaax 8 "x 10" kBapubIH HIYYJTYYPHHT Taprax, 93’K aBCaH TAJIbIT I3 XapyyjiaH
HIYYATYYPHIH CyypuHA 60Ir0oMXKTOI OaiipiyyiHa.

Xaitd acBaa 3ycard ammriaad 1 "x 8" XxaMkdITHIH Tyy3 Xa03pTHi Xalumik aBHa.
BosnuiiToii rapaap GasH XyyphIr X3JI03pT Hyralk 3CBAJI caitap XyWDK, apuiaarryi
XapaHjaaraap TAOMAIIIIICOH, XYWIIIP IPBIPIICIH MOJUCYIHPOH® XO0O0N0MI XHIH?.
Boruno nonruonsl 3yyxaHn Oap kojn, Oycan maTtepuan OyXWi MIOIITO AIIMIIIAaX
00JIOXTYH.

Hlyynryypuiin cyypb, xaiis 39pruiir xyypaii Kimwipes® ammurian copbll XOOPOH]
1PBIPIIHY. (COpBIBIH XapWIIaH OOXHPJUIBIT OaracraxbliH Tyha S0 cophIl TyTamj
022JIMUAT COJTUX XIPITTIM.)

20 mrox TyTamna | gaBranTTail 139K OaiiHa.

XO0OCOH COpBIIOOp CyHalraaHj amuriacaH (QUIBTPUHT XdpArdHA.  Meramn
TOAOPXOUJIOX 30pUyJaNTTail (QUIBTPUMH Tyy3 aBaxaaCc rajgHa MOH TOJOPXOH
KOHIICHTpAIIMTail METaluT HAMK IITMHKHIIDK, apThIT manrax 6omHo (spike).

Xo00coH copblbIT 20 193k TyTaml 1 maBTaMiKTail aBax, 3CBAJI 3ajapraa Xuix eaep oyp
xaMTHuitH 6aragaa 1 X0ocoH A33k Oaitxaap OAITrIH).
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PFA caBbIr 13B3pJX apra

3amapraanbl OyX CaBBIT XIPATIIXIIC OMHO XYWIIIP IPBIPINK, HIPMIJ ycaap 3aiiDK yraaHa.
Hursxnoo:

- PFA caB Oypwiir 30puyJIajThlH CaBaHTaap yraax, H3pMAJI ycaap 3aiiiHa.

- Cas oypr 10 ma konnentpanutaii HNO3 HIMXK, Tarnaaa O0THMHO JTOJTHOHBI 3YyXaH]
XUWH).

- boruHo noarvoHel 3yyxbI 3aaBpblH jgaryy 10 munyTbiH Typmt 100% -uiiH Xy4s3p
XanaaHa. AnMBaa MIMHXHITI9H] allUTIaXblH ©MHO CaBBIT 33aBajl IPBIPIIK, HIPMOI
ycaap UX X3MXKI3II9p 3aiJDK yraana.

Op4HBbI TOOCOHUPHIH (PUIBTP COPbUBIT OMYUJI JOJITHOHBI 3yyXaH/l 3a/4J1aX

[Anxaapyyiara: A30TBIH XY4WJI, JABCHBI XYWIMHH yyp Xoprtod. MilMa Tatax mnryyrassp
@KWUIaHA. D33P YpBALKYYABIH YycMad O3JITraX3[ 3K30TepM YpBall sBarjax, IyjlaaH
sIrapHa. Y jaaHaap XyTrasa. |

6.2.5.1 Bunwmn 6337uit 5¢cBA XyBaHIAp XsMcaa aluriaH QWIbTPUWH TYY3bIT XOPYIK aBaas,
mouiroroir PFA xoonoiin Gaiipnyynna. XyBanuap xaMcaa amuriaad ¢puibtpuiir PFA xoosnoitn
JIOOJT X3COTT AAPK XYUWIT OypaH JaJl OpOXYHIl OOJITOHO.

[Anxaapyynara: Xyypail GuiIbTpTIi axuuiax yel aloyiaryd Oalasplr XxaHrax YyJAHI3C Mack,
BUHUJI 033J11H 3aaBall XIPITIdHA.

Mack Hb HIWIBH XOBOHTMWH XAITIPXUM, TOOCOHLUOP MaTEpPUAbIl aMbCrajaxaap H3BTPIX33C
copruiadr. basnuii Hb apbChIl MOH MaTepuaiaac Xamraajbk, JPKUWAT apbCHAac 3JA3B
00XH1pI0J1 OPOX00C XaMraanar. XapaB 00JIOMKTOMN 00J1 TaMUHAP IIYYTI3H QUIBTPUIT 3YCOX,
HIMJDKYYJI9X VI @Kuiaraar TyHIpTrX XaparTil. |

[Anxaapyynra: IIyynaTyypasc HAr33C WIyy X3C3TUMIICIH 33K TacabK aBax X3parTdi Oereen
TYYB3p 6a QC MMHXHITIIHA XaHTanTTal XOMXKIIHHHM 333/IXYYHTIH Oaiix &ctoil. X0OoCoH
HIYYATYYPUIH A29KUNAT MOH aaui apraap OOJIOBCPYYJDK rapcaH yp AYH JIPKUHH Yyp AYHIDIC
Xacaxk TOOITHO. |

6.2.5.2 Using a preset calibrated automatic dispensing pipette or Class A glass pipette, add 10.0
mL of the extraction solution to each of the centrifuge tubes. The acid should cover the strip
completely. The sequence of adding the filter strip and acid to the centrifuge tube may be
reversed, if more convenient, without affecting the results. Place the centrifuge tube in a Teflon®
PFA vessel containing 31 mL of deionized water. Continue this process for a total of 12 samples
to maximize microwave capacity.

6.2.5.3 Place the PFA vessel caps with the pressure release valves on the vessels hand-tight and
tighten using the capping station to a constant torque of 12 ft-lb. Weigh and record the capped
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vessel assembly to the nearest 0.01 g. Place the vessels in the microwave carousel. Connect each
sample vessel to the overflow vessel using the Teflon® PFA connecting tubes (see Figure 3).

6.2.5.4 Place the carousel containing the 12 vessels onto the turntable of the microwave unit.
Any vessels containing 10 mL of acid solution for analytical blank purposes are counted as
sample vessels. Irradiate the sample vessels at 486 W (power output) for 23 min. (Based on the
calibration of the microwave as previously described). If fewer than 12 samples are to be
digested, adjust the microwave system by reducing the power so that equivalent digesting power
is delivered to the smaller sample batch. Generally, each vessel represents approximately 5%
power. Therefore, a reduction in W would be reduced by 30% if only 6 vessels are digested. This
reduction is only approximate, and each microwave unit will produce a different level of power
output.

6.2.5.5 At the end of the microwave program, allow the pressure to dissipate (venting may be
utilized with caution), then remove the carousel containing the vessels and cool in tap water for
10 min. Weigh the capped vessels assembly to the nearest 0.01 g and compare to the initial
weight to verify no loss of sample. The initial and final weights should compare within 0.1 g. If
the initial and final weights do not agree within 0.01 g, the appropriate action must be taken
which may include rejecting the digested sample. Using the capping station uncap the microwave
vessels, remove the labeled centrifuge tubes containing samples and discard the water in the PFA
vessels.

6.2.5.6 Using a calibrated automatic dispensing pipette or a Class A glass pipette, add 10 mL of

deionized distilled water to each centrifuge tube. Cap the centrifuge tube tightly and vortex (mix)
the contents thoroughly for 2-3 minutes to complete extraction. Using a nylon or teflon syringe
pull-up a volume of sample from the centrifuge tube, place Acrodisc filter on syringe and
dispense into a prelabeled sterile 15 mL centrifuge tube. Continue until the centrifuge tube
contains 10 mL of filtered digestate.

6.2.5.7 The final extraction volume is 20 mL based upon the above procedure. The final
extraction solution concentration is 3% HNO3/8% HCI. The filtered sample is now ready for
analysis. Store for subsequent analysis by one or more of the Inorganic Compendium methods.
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XapcpaJr 2. AraapblH YaHAPBIH CYAAJITaaH/l TYTI3MIJ almurjaaraiar GuibTpYYAUuitH TOAOPXO0MI0IT

(Silver membrane)

- [laraan caapai TaruI reiarep rajgaprarai

OuiabTpuiiH | ®U3UK IMHK YaHAP XMMHUHH IIAHK YaHAP HInHKnar’Huit

DOuIbTPUIH TOPOJI, | XHMKI)I apryya 2
YAIABIPIIATY
Larapurt - 25 MM - @uIbTp TOrLI reJarep rajaprarau. - IpBopmnr ennep. Kunruiiz ,
cyypunyyican Tteduon |- 37 MM - Tooc Gapux yp ammr eHjep. - SIMap HAr XUM WUHTAAIIITYH IC, ICP/MS,
MeMOpaH GuiIbTp - 47 Mm - Xaiinax temneparyp ~60°C. - Yc mmHr3x ya”ap Oara. ICP/OES
(Ringed Teflon - Araap HIBTPYYJI9X 3COPIYYLII OHAOP.
membrane) - CyBIIWIT 2 MKM

- CTaTuk LPHAT YYCIOT.

- 47 Mmm 3y3aaH MOJIMIPONWICHT Cyypuiyyicad | - L3BapmmnT engep. Kunruiin, INAA,

Tednon membpan MeMOpaH GUIbTP - Hyypcreperu aryyican AAS, ICP/AES,

- Ilaraan Tarm reirep ragaprarai. Matepuanaap XMicoH Tyl ICP/MS, IC, AC
(Teflon - Tooc Gapux yp amur eHaep. HYYpCTOpOrduiin
Membrane) - Xaiinax Temmneparyp ~60°C. IIMHKUIITIYH]] TOXUPOMKTYH

- Araap H3BTPYYJI3X 3COPrYYLI OHIep. |- SIMap HAT XUW MIMHTIIIATTYH.

- Yc mmHr»x ya”ap Oara.

Hunon memOpan - 25 MM L[»B3p HUIIOH MeMOpaH - HNOs m33:x19X "ajBap caiiH. IC, AC
(1)I/IJ'IBTp, - 37 MM - HaraaH TOrual reJjirep razlapraTaﬁ - V¢ mmHmnx JaHap Oara
(Nylon membrane) - 47 mm - CyBumnr 1 HM

- Xaitnax Temnepatyp ~60°C.

- Araap HAIBTPYYJI9X 3COPIrYYLRII OHIOp.
MeHrener MemOpaH - 25 MmP MeHreHHU KUKUT XICTYYIAIIP KU - XVMHUIH ypBAIDKYYyIaL Kunruiin, XRD
bupTp - 37 Mm°© OYp K HUMIDKYYIICOH MeMOpaH UJPBXTYI




- Xaiinax Temnepatyp ~350°C.
- Araap HIBTPYYJI3X 3CIPIYYLII OHIep.

- 3apuM OpraHMK YypbII IIMHIIX
YaHapTau.
- Yc mmHr»x yanap Oara

[{ennron036IH HUTPAT - 37 MM - Llemtrono3slH HUTpPAT XOJIMMOT 3¢Hup, | - bara 33par yHcHmii aryynraraii | XKunruiin, OM,
XOJIUMOT 3up - 47 mm© HEJITIOJIO3bIH areTaThIH aumroH | - OJIOH TOPIMIH OpraHuK TEM,
MeMOpaH GUIbTP MeMOpaH yycrarduz yycjar SEM, XF\’_D
(Cellulose esters - Iaraan Torm rearep rajgaprarai - Ve mmHrdX yanap Gara t Blo_me_dlcal
membrane) applications

- CyBmmir 0.025,0.05,0.1,0.22,0.30,

0.45,0.65,0.80, 1.2,3.0, 5.0, 8.0 MmKM™.

- Xaitnax Temnepatyp ~70°C.

- Araap HIBTPYYJIIX 3CIPIYYLII OHIep.
[TonuBuHMI XJIopT | - 47 Mmm - Ilemnono3b6lH ~ HUTPATHIH HUMI3H | - 3apuUM OpraHMK yycrarduj XRD
MeMOpaH MeMOpaH yycnar
(Polyvinyl chloride - [laraan Tarm renrep rajgaprarai - YC IIMHII9X YaHap uxX
membrane) - Cysmmnt: 0.2, 0.6, 0.8,2.0, 5.0 MkM

- Xaitnax Temnepatyp ~50°C.

- Araap HIBTPYYJI3X 3CIPIYYLAII OHep.
[TomukapGoHaT - 47 MmP - HumraH, renrep monukapboHat - LpBapmmnr engep. XKunruiin, OA,
MeMOpaH GUIbTp rajiapryy Hb KaluJuisip CYBYY/J HIBT - Hyypcreperu aryyscan oM,
(Polycarbonate rapcaH MaTepHaiaap XuHCoH Ty SEM, XRF, PIXE
membrane) - TOOCOHIIPHIT X3M3KI3I33D Hb SIraxas HYYpCTOPOrdniin

alrMriargaar .

LIMHKWITHA TOXUPOMKIYH
- Yc¢ mmHrnx yanap Oara




- 3apuM CYBIIWJIT TOMTON (MIBTPUNRH
XYBbJ] TOOCOHLIOp O6apux yp ammr Oara,
<70%

- Haxunraamxkaar

- CyBmat: 0.1,0.3,0.4,0.6, 1.0,2.0,3.0,
5.0, 8.0, 10.0, 12.0 Mxm

- Xaiinax Temnepatryp ~60°C.

- Araap HAIBTPYYJIIX 3COPIYYILDI OHI6p
JYH][ 39par

Ksapu ¢punstp -25mm - KBapu marepuanaap xuiriacon - Xenren maraan, wnaxuypsia | ICP/AES,
(Pure quartz-fiber) - 37 mm - OUIBTPHIAH raiapryy TIrI Oyc . aryyJiaMx eHjiep. ICP/MS, IC,
- 47 mm - Tooc Gapux yp ammur eHuep. - Opravk yyp IIWHTI3X IITHHK AC, T, TOR,
. . TMO,
- 20.3x25.4 | - Xaiinax temnepatryp >900°C. yaHapTaiu. TOT, OA
cm - Araap mIBTpYYRX scopryyipa ayean |- HNOsz, NOz, SOz Gara 33par
39pOar. IIMHII9H?
- Yc mmHr’»x ya"ap Oara
XonuMmor KBapuTai - 20.3 x 25.4 | 5% GopcunukaT KBapi GUILTP - Na, Al, Si 6050H 3apum XKunruitg, XRF,
MsHIAcTar GuiIbTp cm - Ilaraan Tarm renrep ramaprarai METAJUIBIT SH3 OYpHIiH PIXE, AA,
(Mixed quartz-fiber) - Tooc Gapux yp aimr eHaep. XOMIKIOIIIP aryysicad ICP/AES,
- Xainax temnepatyp ~500°C. - OpraiuK yypsIr IIHHII9X ICP/MS
. - for some metals,
- Jlynaansl HYYpcTeperuuiid | “aHapTan IC
HIMHXHWITIOH XOPXOH HOJIeeyaer Hb |- HNOs, NO2, 6001 SO2-r bara Aé, T TOR,
TOZIOPXOiryit 39p3r IUHII3IOT, T™MO, TOT
- Xamax yen  xoBpor  GommorAraap | ¥ ImuArssx wanap bara

HABTPYYJIX 3CIPIYYIDRII Myy




Hemmono3-maupacnar | - 25 MM - [aacan ¢puibTp. - LpBspmmnr engep. XKunruniin, XRF,
GuneTp - 37 MM - '>paITean ToruI resirep rajgapraraii. - Hyypcreperu aryysncan PIXE,
(Cellulose fiber) - 47 Mmm - Tooc Gapux yp ammur myy <70% MaTepuaiaap XuhUCIH Ty INAA, AAS,
- High mechanical strength. HYYPCTOPOTrYUiiH ICP/AES,
- [Tarax remneparyp~150°C LIMHKUITIH TOXUPOMKIYH ICP/MS, IC, AC
- Araap HIBTPYYJIIX 3COPIyYIDdI sH3 Oyp |- Xuil OOJIOH yCHBI yyp HX33p
IIMHTI13T
- XMMUIH ypBaJKaap JIPBTIOH
HNOs, SO2, NHs, NO2 33par
XUAHYYIUWAT  [IAHIA9XK — aBax
00J0MTHKOU
- Y mMHr»X 4aHap ux
Tedmon O6yparcToii - 37 Mmm Tednon 6ypI3CTIi MIMIPH MSHAACTAT - L»BapmmnT cax Kunruiin, IC, AC
LIWJISH MsAHAacaar - 47 MM GuibTp - HNOs, NO2, SO2 xuiinyyauiir
bunbTp - Tooc Gapux yp amur cailn ITHHTITTYH
(Teflon-coated glass- - Xainax Temnepatryp ~500°C. - V¢ mmHr»x yanap 6ara
fiber) - Araap HIBTPYYJI3X 3COPryyIRa Oara
[IwmsH Margacnar - 20.3 x 25.4 | - bopcwIMKaTBIH MWIYH MSHIAACTIAr - IBopuunt myy Kunruiin, OA,
(Glass fiber ) cm - I'>poiITeaH ToruI resrep rajgapraraii - HNOs3, NO2 SOz, 6oson XRF,
- Tooc Gapux yp ammr caiin OpPTaHMK Yyp HIMHTIDIAT PIXE, INAA,
- Xaiinax temnepatryp ~500°C. - Yc mmHrsx yanap Oara AAS, ICP/
- Araap HIBTPYYJIX 3CIPryy1pa Oara AES, IC, AC

2AAS

ATOM MIUHTIINTHIH CIEKTPOHOTOMETP

AC ABTOMAT KOJIOPUMET]
IC Hon xpomatorpad
ICP/AES NHaykumifH X0JI000CT MIa3MaT aToM IalapyyaaldThlH CIEKTPOHOTOMETP




ICP/MS
INAA
OA
oM
PIXE
SEM
T
TEM
TMO
TOR
TOT
XRD
XRF

NuaykiuiiH X01000CT m1a3mMar Mace CieKTpopoToMeTp
HelTpons! XypaacryypT IIMHKUITID

ONTHUK IIMHTIAJIT 3CBAJI IIPAIT HIBTPYYJIIITHIH IHHKHIT) (babs)
OnTHK MUKPOCKOIT

Proton-Induced X-Ray Emissions

Scanning Electron Microscopy

Jyjtaanbl HYYPCTOPOIYUMH IIUHKUITI)

ONEeKTPOH MMWDKUITUIHH MUKPOCKOI

JynaaHbl MaHTaH UCAIIIIITUIH HYYPCTOPOTYUIH aHAIIU3aTOP
[ynaaH 00JIOH ONTUK OMJITBIH HYYPCTOPOIYUIH aHAJIU3ATOP
Jlynaan G0JIOH ONTHUK HABTPYYIIITUNHH HYYPCTOPOTYMIH aHATIU3ATOP
Hudpakusn X-Ray

dmroopecuennuiiy X-Ray




Appendix 2. Abstract of domestic conference (paper title: Sources and chemical composition
of atmospheric fine particulate matter in Ulaanbaatar, Mongolia)

“XYP33/3H BYW OPUYNH-2021" YHAICHUMA SPA3M LWHUHXUNTI3HWA Il XYPAN
XaHnaH unmaan

YNAAHBAATAP XOTbIH ATAAPbIH HAPWUIH LIMPX3rNanT
TOOCOHLPbIH XUMUAH HAWPNATA BA 3X YYCB3PUWUH
CYOANTAA

J.Hapmandax'-2 L|.Coén-3pdsns’*, H.AmeanaH®, A.fsnespxapaan® T.3Hxden*
A.Homur*

'Moneon Yncein Ux Cypeyyns, XypaanaH 6yl opyHbl xumu, 2eoxuMuliH nabopamopu

2 Morzon YnceiH Ux Cypayynb, Xumu BuonoauliH MHXeHep4nanuiH maHxum
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4 Mownzon Yncein Mx Cypayyns, XumudH maHxum

"soyolerdene@seas.num.edu.mn

XypaaHrywn

Mounron YncblH Huicnan YnaaHbaatap XxoT Hb araapbiH GoxvpansiH
TYBLUHA3P A3NXMAQ A33rYYPT Toouoragor. AraapbiH YaHapbir XxAHaxaaa Tyraaman
3ypraaH Goxupayynaryuiti (xyxspnar xuin-SO2, asoTelH Aasxap wucan-NOz,
ToocoHuop Gyiy PM10, PM2.5, HyypcTteperuuiti aytyy ucan-CO, 030H-Os)
aryynamxuiar xamxaar. ToocopupbiH (PM10, PM2.5) aryynraac ragHa AoTop Hb
aryynargax XMMWiH HIranyyauir cyaancHaap XopToin Heneennuir 6ypaH yHanax,
MeH Tepen OypuiH 3X YyCBIpYYAMIH oOpyynax XyBb H3MPUIAr TOOOPXOMMX,
Boxvpanseir 6yypyynax apra xamxaa Tenesnexeq a4 xon6orgonTtomn om.

JHaXyy cyaanraabl axnaap YnaaHbaartap XOTbIiH r3p XOpPOOMon, XOTblH TeB
opumooc 2017, 2020, 2021 oHyyaaa HapwiH WKMPX3ArnarT ToocoHuop (PM2.5)-biH
[23XUAr uyrnyynad, ron moHyya (Na*, K*, Ca?*, Mg?*, NHs*, CI, F-, SOs%, NOs",
NOz)-biH  aryynreir ICS-3000 /Dionex Corp./ uoH xpomatorpacd 6araxaap
TOAOPXOMMX, YNUPAbIH ©6PUNeNTUAH cyanas. ©BNUItH ynupana cypbdar (S0s%)
MOHBI X3MX33 3yHbIXaac Maaraaxynu ux, xapuH xaseap, 3yHel ynupang Ca, Mg-uitH
aryynra Bycan ynupnaac eHpep OaitHa. YnaaHwGaatap XoToA TYYXWIA HYYPCHWIA
X3parnaar XOpWrNoX, CamXpyyncaH waxman Tynw X3parnax 9X3ancaH yeasc
araapbiH HapUIAH LWMPX3rNanT TOOCOHUPbLIH XNOPUA UOHBI aryynra HaMarAc3H XapuH
Bycan uoHbl aryynra GyypcaH AyH axurnargax banHa.

Tynxyyp y2: PM2.5, uoHsi Hallpnaaa, op4Hbl azaap



Appendix 3. Domestic paper (paper title: Chemical composition of atmospheric fine
particulates (PM2.5) in Ulaanbaatar, Mongolia)

Yiaaan06aarap XOTbIH araap 1axb HAPMUH MHUPXITJAIT
TOOCOHUPHIH (PM2.5) xuMmuiiH HaMpJIara

I .Hapmangax'?, © Bunryyu'?3, H. Amranan?, T.Duxger’, A.Jlpnrspsxkapran?,
b.bapxacparuaa®, I.Coén-spaoua’*

Xypaonan 6yii opunt xumu, 2eoxumutin nabopumopu, Monzon Yacwin Hx Cypayyis

2Xumu Buonoautin Musicenepunautin manxum, Xopo2ndoHutl WUHNCIIX YXAGH, UHICCHEPUIINULIH cypeyyilb, Mouzon
VYacein Ux Cypeyyne

3T azap3yii, 2eo-sxonozuiin xypaonau, Llunxcnox Yxaanor Axademu

Xumuiin monxum, Ilunocnsx Yxaanv: Cypayyib, Xopoensonutl WUHNCIIX YXAAH, UHICCHEPUIIIULIH cypyyib, Monzon
Yacvin Ux Cypeyyno

SXypa2asu 6yii OpUUH, OUH UHIICEHEPYNINULIH MIHXUM, XIPIZAIIHULL WIUHIICTIOX YXAAH, UHICEHEPYUAITULIH CYP2YYb,
Moneon Yacoin Ux Cypeyynv

Baticany opuun, xamocun3yiin mee nabopamopu

*Xonboo bapux 3o0xuozuutin yaxum xasz: soyolerdene@seas.num.edu.mn

ABSTRACT

The determination of the chemical composition of particulate matter is important to predict the sources, formation, and
effects of pollutants in the atmosphere. In 2019, the Mongolian government banned the use of raw coal in Ulaanbaatar
and promoted the use of an improved briquette fuel. As a result, atmospheric PM was reduced by approximately 50%,
and ambient air quality was improved. On the other hand, the atmospheric sulfur dioxide concentration was increased
more than two times. However, the chemical composition of the particulate matter (PM) has still not been evaluated
since 2019, when they started the use of briquette fuel. This study focuses on the seasonal variations of the chemical
composition of PM2.5 using ninety-five daily PM2.5 samples that were collected in Ulaanbaatar between 2017 and
2021. lon chromatography and a carbon analyzer were used to examine the major nine inorganic ions and
organic/elemental carbon. In warm seasons, magnesium, sodium, calcium, and potassium ions are higher than they are
in cold seasons and are possibly dominated by natural origins, while sulfate was dominant during the cold season. The
carbonaceous composition, sulfate, nitrate, and ammonium accounted for the majority of fine particles in winter. Except
for summer, sulfate ions predominated, possibly due to fuel combustion. Chloride ion concentrations were increased in
the last two winters, 2020 and 2021, when compared to 2017.

Tyaxyyp yec: naputin wupxsensem mooconyop, PM2.5, xumuiin natipraea, azaapvin naupiaea, XomoiH
azaap



1. OrPHINJ

36BX6H araapblH OOXHPIBIH HOJIOOHOOC 00K KU OYp
Asun 1.5 casg xyH Hac 6apaar rICOH TOOLOOT JDIXHUIH
9pYYA MPHAWNH Oaifryyniara, IPAXUAH OaHK OOJOH
Oyca 0JIOH yJICHIH GalTyyuiaryy, rapracas Gaimar [1],
[2]. VmaaumbGaarap xotr Hb Tyynm TOmBIH caB rasapr
yyJcaap XYpAUIAPH OPIIAOT TYJ CaJXHHBI Xypl
Oararaii Oaiimar. MaHnail yncelH XYH amblH 46% Hb
VYmaanbaaTap XOTOJ OpIIMH Cyyaar 0ereej XOT)KWIT,
YHIABIPXKUAT, Ta3ap3YMH TOITOL] 33praiC IIajTraajaH
araapblH OOXHMPION YyIaaH XyramaaHA  XOTBIH 93P
TOITOH XypumTiaraiar oumortoi [3], [4]. 10 mukpon
6a TyyH?3c Oara amametptai (< PM10) ToocoHIOp HB
XYHUI yymru pyy opzxor 6on 2.5 MHKpoOH 0a TYYyH33C
Oara muamerp Oyxwuii (< PM2.5) ToocoHIIOp HB IycaHn
HIBYMK XOpAyyJiax I[IMHX YaHapTail Oaiimar [5].
MoOHTOJI yJICHIH araapblH YaHAPbIH XSHAJITHIH YHI3CHHI
cymx33r3p PM10 60mor PM2.5 TOOCOHIpEIH MacChIH
aryynaMkuir xomkmer [6]. Araapeia Goxmpmon 6a
TYYHHI XOp HOJIeer 36BXOH TOOCOHIPHIH aryyjiamxaap
Hb MIYYA WDPXUAIIX Hb MXI9XOH YUUp HyTarmantai
oM. XapHH 6ep eep X3IMKIICT TOOCOHIpYyasH (PM2.5,
PM10, PM1 33par) XuMuifH HalpJarsIr CyulaH araapbiH
OOXHPAIIBIH XOP HOJIeeNeN OO0IOH 3X YYCBIPUIH Tyxail
HapUABWIAH TOTTOOX 6omomxkroi [7], [8]. Cyynuitn yen
omoH ymncax PM2.5 -aac ragpa PM1 (1 wmwmkpon
IUaMeTp)-Uilr 4 cynammk Oaiiraa 601 PM1 ToocoHIpEIH
Tamaapx cyjajraa MaHail yican myrtarmantait 6aiina [9],
[10]. VnaamGaatap XOTBIH TOOCOHIIPHIH 3X YYCBIPHUitH
CyAanraaHyynaac xapaxaJ Laxwiraal CTaHIyyxd, axyiH
3yYXHYY, 3aMbIH TOOC)KHJIT, aBTOMAIIINHEI yTaa 39p3r 53X
YYCB3PYYX JaBamraiiaar rask torroocos [4], [11]. 2019
OHBl CYyJl yesc MOHIoa YICBIH 3aCrMMH Tra3pblH
IAHIBIPA3p YraaHOaaTap XOTOX CalbKpyyIIcaH MIaxman
TYJIIMAT axXyiH X3P3ria33H HIBTPYYJICHIIP araap 1axb
TOOCOHIIPBIH aryyrsir oponooroop 50% Oyypyynacan
[6]. Caibkpyyscan maxman TYJII Hb YMHATHHH aryysra

~—___ Ymnuranvaii CyxGaarvap
D
=Y
TR
} N
Comi 0 xahpxan

Ilar yyp, opuHbI
HHIRHISHIN [a3ap

Oararaif, MITWIAT OHAEPTIH ydpaac araapblH OOXHPIOIN
Oyyp4, Y39rmdx opuMH caibkupy Oaiiraa rax3s [12].
MoHron yaCBIH araapblH  TOOCOHLPBIH  XUMHIH
Hallpnarell CyJajicaH Xd3J X3J3H CyAairaa XUMracoH
Garimar 1 2019 oHOOC XOHII XWHTACOH araapblH
TOOCOHLIPBIH XMMHUHH HaWpiarelH cyjanraa Oalxryid
OaiiHa. DHAIXYY cyaanraansl axiaap PM2.5 ToocoHIpbIH
Jxkuir 2020 oHJ TP XO0pOoOoUTEIH Oyc3ac, 2017 GonoH
2021 oHAa XOTBHIH TOBUIH OycldC LyriyyjlaH XUMHHH
Halpnarslr cygamiaa. PM2.5 TOOCOHLpBIH MacChiH
aryyJgaMyKuil XOTBIH araapblH YaHapbhlH XapyyJblH
M393H3C aBY ammriacad. Cynanraassl yp AYHT ©MHOX
CyJaraaHyyAbIH YP IYHTIH XaphllyyJlaH XJIUILYYICOH
6o1HO.

2. CYIAJITAAHBI APTA3YMH

2.1.  J3301c yyenyynanm

2017 oupm 12,2020 oup 68, 2021 oup 15, HuiiT 95 mmpxar
araapblH HapUWH IHPXA3TIIAIT TOOCOHLUPBIH I3KUNT 24
LaruiiH xyramaanjn nyriayyjaaH ascad. 2017 own 16.7
J/MUH XypaTail 6ara 333/xyyHT 139k aBardaap (Partisol
2025, Thermo Fisher Scientific Inc.) Lar Yyp Opuns
Mumxmirasauit [azap (UYOILT) (47.9207665N,
106.9106782E), 2020 6omon 2021 onbl oHp 1 M3/MuH
XypArail mx 9333axyyHT mk aBardaap (TH-1000C,
Wuhan Tianhong Instruments Co. Ltd) xoTsiH TeBeec
xo#m 4.3 kM 3aiin rap xopoosusH 6yc 6onox Cyxbaarap
ayypruitn 13-p xopoonna Oaiipmax 248-p 1pIppIar
(47.9539654N, 106.9177139E), Monron Yucem Hx
Cypryyns (MYUC) (47.9230352N, 106.9167062E)-niin
J99B3p A93p33¢ (~8 M eHIep) uyriyyncan (3ypar 1).
PM2.5-p1 maaxuiir 450°C -1 6 mar ypbI4riiaH mataax
69:1TracoH 47-MM (6ara 337I3XYYHT JIIIXKITYUIH XyBbT)
6a 8x10 mHY (MX D33IIXYYHT MAIKIBTUHHAH XYBBI)
XoMk939ToH KkBapuaH ¢uibtp (Merck Millipore Ltd.)
X3pOIJIPH aB4 MeHrejer mnaacann Oarman, -20°C -n
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3ypar 1. PM2.5 TOOCOHIIPBIH A33XK LyTIIyyJIcaH OalpIuIbIH 3ypar



3ypar 3. (a) TH-1000C engep OarraaMm>kKu araapblH COPBI] aBarduitH JOTOOA OYTAII OOJOH 133K OyXuit GUibTp,
TYYHHHT XyBaacaH Oaiinan, (6) Dionex ICS-3000 non xpomaTorpad
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3ypar 2. J[»3xuitH xpomarorpamyy/l. (a) KaTHOHBI CTaHapT, (0) aHUOHBI CTAH/IAPT, (B) OBIMHH 393K, (T) XaBPHIH
JI3KHUK XpOMAaTorpam.

aHaIIN3 XUUX XYPTAI Xanaraicad . 3ypar 2a -1 araapbiH
TOOCOHIIPHIH 33K aBu Oaifraa Gaiiman 6a MX 33IIXYYHT
JIP%K aBarddifH TOTOO OYTIIHHT XapyysaB.

1.1. Xumuitn wunstcunziy

Ycann yycamTraid MOHBI LIMHXKUJIIIAT XUHXIDID 99K
Oyxuit puibTpasc 2 x 10 cM XIMKIITINrIIP TaclaH aBy,
10 mMn woHTYIXKYY/IcoH ycana 30 MUHYT yIBTPAaCOHHUK
ammapaTaHn  xaHmamk, 0.45 MKM  CYyBIpXSrMiH
XIMIKIITIH TapuUyphlH (GUIBTP amdriaH myycdH [12].
lyyrmer aryymarmax F, CI, NOs, SO, Na*, K*,
Mg?*, Ca?*, NH4* 33par nonyyasir MYUC-pin XypaoisH
Oy# OpYHBI XMMH, TeOXUMHUIAH 1aboparopun lonPac TM
AS23 (4 x 250 mm, Dionex) annonsl, lonPac TM CS12A
(4 x 250 mm, Dionex) KaTHOHBI aHAIM3BIH OaraHa OyXui
Dionex ICS-3000 3arsapsid HOH XpomaTorpad daraxaap
(3ypar 26) anmonx 10 MmkM NaOH, katnong 10 MmxM

MSA (MmeraH cynb(OHBI XYUHIT) TYC TyC X06rd yycMal
GOJITOH X3PITIIK TOAOpXOoIcoH [13].

Dionex ICS-3000 won xpomarorpad Garaxaap F, Cl-,
Br, NO2, NOg, SO.%, Li*, Na*, K*, Mg?*, Ca?*, NH,*
X 12 HOHBIT TOJOPXOUIOX OOIOMKTOH U copbron Br,
NOy, Li* noHyyn wiapssryii GomHO. 3apuMm IR3KHiAH
XpOMaTorpamMeIr 3ypar 3 -T XapyyJias.

WoHBI DIMHXKWUIT9HUN SBIBIT OJIOH YJICHIH CTaHAAPT
3arBapeiH SLRS-5 (romem yc), Burtap05 (ymassr yc)
JPKYYIRp mmianran OGaramraaxyymaxan [14], [15]
CTaHAapT JIKYYIUHH Oartanraar yrtratad =+10%
aIIaaHsl yIratail Toxup4 6aiB (Xycuoem 1, Xycusem 2).

Hou xpomarorpad 6araxuiiH yp AYH Hb yCaH XaH/
JlaXb aryyjiaamx (Mr/i) 0eree YyYHUIT araap 1axb
aryynamku (Mkr/mM3) mamkyymxaz (1) Tombséor
X9porIBesH [16].



Xycenart 1. SLRS -5 cranpapr 3arBapbiH 133:KUIHH
WOHBI IWHKHIIT9HUH Yp OYH

Hon X3M:IKC3H yTra, baraaraar yrra,
MI/J1 MI/JI

F 0.35+0.03

CI 5.12+0.22

SO4* 475+0.18

Na* 4.69 + 0.04 5.38 +0.10
K* 0.80 £0.07 0.839 +0.036
Mg?* 2.39+£0.08 2.54+0.16
Ca* 9.98 +£ 0.56 10.5 + 400

XycHarT 2. Burtap05 cranmapt 3arBapbiH A3KUHH
HMOHBI IIMHXXUJITI9HUHI Yp IYH

Vair —HUIT COPCOH araapblH 332IXYYH, M

Ox copbrooc 12.5 x 20 cM X3MXKIITIUrIP TaciaaH
aBy  opranuk  Hyypcreperdy  (OC),  3memeHT
Hyypcreperuniin (EC) aryynamoxuiir  Basxunruita
Barmmitn Mx Cypryynean DRI 2001A carbon analyzer
3arBapblH Oaraxkaap Togopxoiiryynacan [13].

3. CYJAJI'AAHBI YP IYH,
XOJ12JI0YYJI2T

AraapblH YaHapBIH XSHAITHIH CYypHH XapyyibH PM2.5
TOOCOHIPBIH XAMXHITHIH TYH, TOOCOHIPBIH XUMHHH
Halpnarsir H3rTraH 3ypar 4 -1 y3yyms. 2017 onsr EC,

Hon  X3MiKC3H yTra, Mr/a Baranraar yrra, OC 6a PM2.5-pIH 3apuM ©JpUIH XOMXKIIT TacalAcaH
MI/J1 6ouHO.
F 0.46 +0.05 0.55 +0.08
- AraapeiH PM2.5 TOOCOHIPBIH aryyiaaMX eBeJ > Hamap
cl 28.7+0.72 295+ 1.6 > xaBap > 3yH TI3COH Japaamiaap Oyypu OaifHa.
NOs" 2.27+0.16 Caibkpyysican  TYQI — XOpOII®K  OXDJCOHTOI
SO+ 422+15 42.0+22 xonboototiroop 2020, 2021 oHsr eBnuitH capyyaan 2017
Na* 204+ 0.5 188+ 13 OHTON Xapblyynaxag PM2.5 TOOCOHIPEIH MacChIH
K 174+01 aryynamx Oyypcas. Copbll aBcaH HUHMT XyranaaH Jaxb
on ' ' opranuk (OC), oprammk 6yc (EC) myypcreperuwmiin
Mg 8.50+0.26 8.92+0.63 aryyJamMX Hb HHMT HOHYyATal Xapblyyiaxaj 4-8 naxuH
Ca* 33.5+0.14 36.0 2.1 ux Gaiiraa 6a 2020 60mon 2021 onbl eBen Tyc 6yp 81.1
NH4* MKr/M®, 152 mxr/m® Gaticraac 53.9 mkr/m®, 90.4 mxr/m®
6omx Oyypcan. OC, EC Hp araapr 0aiix
HYYPCTOPOIUMilH aryyiamk ©HAOpPTIH TOOCOHILPHIT
Sa WIPXAHAIAST 06ree]i HYYPCHHH MIATalNTTail TOIWIOH
(CXV3X§) xonbooroit OGaiimar [17], [18]. Araapein PM2.5 -bin
E— Q) aryynamk 2020 onst esexn 182 mkr/m®, 2021 onbl eBe
Vair
C — yycman 1axb HOHBI aryyiamiK, Mr/i
Ve - XaHAAJICaH yCHBI 333JIXYYH, MII
Sa - TacnaH aBcaH (PUIBTPBIH XOMKII, CM?
St — HUIT QUIBTPBIH XOMKDI, CM?
-OC wmEC Hutitr non  —PM2.5 200
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3ypar 4. Copsbl1 aBcan xyramaad Jaxb PM2.5 TOOCOHIIOpBIH XMMUITH Halpiara.
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3ypar 5. CopsIl aBcaH xyraraan gaxb PM2.5 TOOCOHIIPBIH HUMT MOHBI Halpiara

Hp 133 Mkr/m® 6ok Gyypcan xaauil 4 MOHIros1 yiachiH
araapblH YaHApbIH CTAaHAAPTAJl 3aacaH 36BIIOeperIex
TIP3 XAMXKIHIIC (24 maruitH nyagax 50 Mkr/m®) 6onoH
JpmxuiiH 3pyysl MPHOUHH OalryyijiarsiH 36BIOMKHA
3aacaH yrraac (24 marwmifH gyHmgax 25 MKr/M®) XITIPCIH
X3B29p Gaiina [6], [19].

VYmupan Tyc OypuilH XyBBJI araapblH HapHilH
HIMPXATIIAIT TOOCOHIPHIH HUHT HOHBI Xapblaar 3ypar 5
-0 oyryid pmarpamaap y3yysdB. Copell aBcaH 3yHBI
capyynan PM2.5 TooconupsiH HUitT nonst 90% opumeir
cynbdar (28%), xambuu (22%), Hurpat (21%), HaTpu
(19%) 33par wmonyyxd, ynacdH 10% opyuMbIl aMMOHH,
XJI0pHJ, PTOPHL, KaJIM, MarHu HOHYY]] OypAYY/DK OaiiHa.

MKT/M? =504 mNH4 mNO3 (a) MEr/e?
20 5
16 4
12 3
8 2
0 1 I,

2017 2020 2021

OpnuiiH capyynan 80% opumbIr cyiabdar (~45%),
ammonu (~22%), nurpar (~13%) 33par wonyyx, 20%
OpuMbIl' OycaJ HOHYYZA 333K OaifHa. XapuH XaBpBIH
capyyaan 65% opumsir cymbdat (35%), xambuu (18%),
xyopun (14%) noHyyn, HaTpu, aMMOHH, HUTPAT UOHYY T
Hb TyC OYp ~10%, Kamu, Marau, GTOpua HOHYY[ TyC OYp
~1% Oaiina. HampsiH capyyznan 76% opuMsIr cynbdar
(40%), ammonu (20%), xmopux (16%) 332/DK, Kaibly,
HUTpAT Hb Tyc Oyp 9%, Hatpu 3%, GpTOpUA, KaiaH, MarHu
Tyc Oyp 1% Oaitna. Epenxuiinee araapein PM2.5 -biH
WOHKI Haifpmaran cynbdat nor 2020 oHbl 3yHaac Oycan
Oyx ymupanm xamruiiH eHpmep OaiiHa. CynbhaTeiH
sITapajl Hb Tepell OYpHIH MaTainThH mporece (Hyypc

uCl mCa mNa mK mMg =F (6)

2017

2020 2021

3ypar 6. HuliT HOHYY/IbIH OBIHIH yIHpan naxb JyHAax aryyiamk. PM2.5 naxe aryyara ue (a) 0-20 Mxr/m®,
(6) 0-5 Mxr/m® aryysamsxraii.



6osioH Onomacc), TaMXHHBI yTaaTaii Xoa000Toi Oaiiiar
[7], [20]. Huiit woHm 33m9X XyBHap aMMOHH WOH
XyiTHUi ynupang (eses, Hamap) 20-22%, xaBap 9%, 3yH
1%, xmopun non 2017 onst eBesn 600 2020 oHbI 3yH 4-
5%, Oycan ymmpang 13-16% O6o0mK ©cceH, KalbIu
XYHUTHHA yiupang 2-9%, qymaaHsl yaupainy (XxaBap, 3yH)
20-22%, HaTpH Hb 36BX6H 3yH 19%, HUTpAT OYX yIupaizg
(3ynaac Oycam) 9-16%, 3yn 21% Oomk eccen. Kanm,
MarHu, QTOPUI HMOHYYA XOMXKWIT XHHUIICOH Oyx
xyranaana 0-3% 6aitB (ypar 5). XJOpua HOHBI
aryynmamk eHaep yed araapbiH ToocoHmopT NH4CI
HArIRA yyeaor [21].

Huiit wonyymein 2017, 2020, 2021 oHBl eBIHMIH
YAUPIBIH AYHAXK aryyiaamkudr 3ypar 6 -1 y3yyJaB.
Cynbdar, HUTpaT, aMMOHH HoHyyn 2.31-18.5 mxr/m®,
Oycan uonyyn Hb 0.03-4.88 Mkr/m® aryynamkTaii 6aiiHa.
Kanbuu 6008 xmopug 2017 ong 0.78 mxr/m3, 2.05
MKr/M® GaiicHaa 2020 onbl 2.81 Mxr/m®, 4.38 wmxr/m®
6o70H ecu, 2021 onsl eBen 0.34 Mxr/m®, 2.31 Mkr/m®
aryyjgamkrtaii O0oson Oyypcan Oaitna. Bycam woHyyn
2017 omooc 2021 omm xurg OyypcaH OaifHa.
ViaanOaatap XoTeIH araapblH PM2.5 TOOCOHIpBIH
XMMHUHH Halpiarelr cyJajicaH eMHeX CyJaliraaHbl Yp
JIYHTYYAMHT 5HD CyZJajiraaHbl JAYHT?H XapbllyyJaH
Xyecnort 3-1 y3yymaB. OC -nits aryynamx H6 2008-2009
oHbIXTOW Xapblyynaxaa 2017-2018 oHnx ~2 maxuH HX,
2019-2020 onx ~6.3 maxun mx, 2020-2021 omx ~3.8
naxuH ux Oaitna. EC -wmitn aryymamk wp 2008-2009
OHBIXTOM XapbIryynaxan 2017-2018 orn ~50 gaxua Oara,
2019-2020 onx ~1.07 maxuu 6Oara, 2020-2021 onx 1.6
naxuH Oara 0oJncoH OaitHa. Hutparbis noH 6ara 33par ux,
Oycan opranuk Oyc woHyymsiH aryymamxk 2008-2009
oHbIxTOU Xapbilyynaxan 2017-2018 onx 1.2-8.9 maxun
Oara, 2019-2020 oHx TyH OHMpONIIOO aryyJamKTau,
2020-2021 onx 1.02-22.6 naxuu Oara OaiiHa. bumHwii
2017-2018 ombr yp nyn Nirmalkar et al., (2020)
CyJanraaHsl Yp OAYHTSH ami Har Xyramaai OMpoJIoo
Oaiipiany XuMraceH 6a yp IOYHTYYA MOH HX39X3H
OipomII00 Tapcan OaifHa.

Haamma opuyHBl araap naxb SH3 OYpHITH XIMXKIICT
TOOCOPLUPBIH ~ XUMHUIH HaWpiarelH  HapUMBYMIICAH
cylanraar Xuix X3parT i 6a MHIICHIIP TIATIIPHHH 3X
YYCB3D, HOJIOOJUIUHT TOJOPXOUIOX GOTOMIKTOM FOM.

5. IYTHDJIT

VYnaanbaatap XOTbIH araapslH PM2.5 TOOCOHIOPT
XUMMHH IIUHXWIT? XUWK, yIupiaap Hb XapbllyyJlaH
cynamiaa. Copbll aBCaH HUUT Xyraiaasj araapeia PM2.5
TOOCOHLIOPT XYWTHHWH ynupana cyibgar, aMMOHH,
HUTPAT WOHYYJ, AyJaaHbl ynupany] cynbdaT, Kajblu,
HUTpAT, HAaTPW HOHYYX 30HXWDK OaiiHa. AraapbiH
PM2.5-pi1 copeip aBcan 2017, 2020, 2021 onyyabH
OBIMHH YNHPIBIH Yp JAYHT Xapbllyylaxaja araapblH
PM2.5 TOOCOHUPBIH MacCBHIH aryyjam, OpraHuk Oa
OpraHuk Oyc HYYPCTOPOTdYHHH aryyjiaam, HUHT HOHBI
aryynamx Hb 2017 onooc 2021 oHp woH Tyc OypwiiH
xyBpa 1.4 - 8.1 paxun Oyypcan OaifHa. DH3 Hb
calbKpyyJicaH IIaxMajl TYJLIMUI axyWH X3parJdoH[
HOBTPYYJDK, TYYXUH HYYPCHUH X3P3IJI33I XOPbCOHTOM

X0JI000TO! TK Y39K O0JIOX oM. YycamTrail HOHyyZaaac
3eBX6H xjopun noH 2017 oHroif xapeiryymaxanm 2021
OHJI 6CCOH Oaiiraa 6eree]] 3H? Hb CailKPyyJICaH MIaxMa
TYJIIHUN IIaTantaac rapax XJOPWA HOHBI sUIrapal Hb
TYYXUH HYYPCHUHM IIATanTTaid XapplLyyjaxal eHIep
Gaifk OOJIOXBIT XapyyJDK OaifHa.

TAJTAPXAJI

DHOIXYY cydalraaHbl aXuwil Hb [7100an eepuneiTHiiH
cynanraanbl A3u HoMmMXoH pamaiH OpHYYZIBIH CYJDKI?
Gaiiryymnarei  cauxyyxmwitit (PN: CRECS-01MY)
Tecen OonoH Yyp Awmbcraneii Horoon CaHrwiin
canxyyxunt»dp BOAXS, HYb-sin baiirane opunsl
XOTOI06p XaMTpaH X3P3rKYY/DK Oyit “Yyp aMbcraisiH
©OpWIeNTe]] 1aCaH 30XHUIOX TOJIOBIeJTHHH IPOLECCHIT
00J10BCpOHTY# 60NTOX YHASCHHUN YaIaBXbIT 03XKYYIIX
(NAP)” TecmuitH cymairaaHbl TITTAIIIP XUUTACOH
60sHO.
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ABSTRACT

For the last decades, Mongolia has seen an extensive escalation in population growth, urbanization,
and industrialization, together with great increase in mining and usage of vehicles. As a result, a
substantial increase has taken place in the types and number of emission sources of air pollutants,
especially in urban areas. During the cold season, air pollution level in Ulaanbaatar, the capital of
Mongolia, is frequently ranked as the highest in the world. However, due to the lack of air quality
management, the country is suffering from a deterioration of air quality.

Despite the worse air pollution situation, due to insufficient research capacity of the country,
to date, research works on characteristics of air pollution have mainly been based on current
capability and/or collaboration with foreign institutes. The research gap in this area necessitates
numerous investigations, which could have great importance in developing mitigating strategies
and minimizing the adverse impact of air pollution on local and regional scales. This paper reviews
previously available studies and reports in international scientific journals on air quality in
Mongolia. Based on the existing research works, future needs of studies on ambient air pollution
in Mongolia are suggested.

Keywords: Air pollution, Literature overview, Ulaanbaatar, Mongolia, Further research
recommendations

1 INTRODUCTION

Asian countries have experienced substantial growth in development and urbanization coupled
with increases in energy use and transportation in recent decades (Moran and Kanemoto, 2016;
Bilgili et al., 2017; Li et al., 2017). A considerable increase has occurred in the number and types
of emission sources of air pollutants in Asia (Moran and Kanemoto, 2016; Li et al., 2017). As a
result, air pollution has emerged as a significant threat to the environment, quality of life, and
health of the inhabitants in Asia, especially in developing countries where emission control
system and strategies are not usually well established (Liu et al., 2016; Moran and Kanemoto,
2016). Mongolia is one of the most rapidly developing countries in the world. As an East Asian
country located between China and Russia, it is known for pristine environments with largely
empty grassland, cold winters, and nomadic traditional culture. After the transition from a socialist
system during the Soviet Union to democratic system in the beginning of the 1990s, urbanization,
population growth, industrialization, and transportation development accelerated and created
various environmental stresses in both urban and rural areas in the country (Warburton et al.,
2013; Pfeiffer et al., 2015; Fan et al., 2016; Batsaikhan et al., 2018). Especially in recent years,
Mongolia has become known for one of the world’s worst air in the winter months (Davy et al.,
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2011; Cousins, 2019). The most polluted air in Mongolia is found in the capital city of Ulaanbaatar,
where 46% of the country’s population resides (NSOM, 2021). Furthermore, other cities in rural
areas of the country are also facing a high degree of air pollution up to and exceeding the World
Health Organization (WHO) and permissible levels of national guidelines (MET, 2019). The defining
characteristic of air pollution in Mongolia—as in many countries—is the high concentration of
particulate matter (PM) (Davy et al., 2011; Nishikawa et al., 2011; Guttikunda et al., 2013; Hasenkopf
et al., 2016). It has been considered that air pollution represents a major threat to public health
in Ulaanbaatar, the capital city of Mongolia (Allen et al., 2013).

In the last two decades, with worsening air quality in Ulaanbaatar, interest in addressing air
pollution has been increased. A number of research works has been performed on the assessment
of the ambient air quality by evaluating criteria (Luvsan et al., 2012; Huang et al., 2013) and trace
(Byambaa et al., 2019; Nirmalkar et al., 2020) pollutants in Mongolia, chemical (Jung et al., 2010;
Davy et al., 2011; Nishikawa et al., 2011; Batmunkh et al., 2013; Amgalan et al., 2016) and physical
characteristics (Jung et al., 2011; Oyungerel et al., 2012; Hasenkopf et al., 2016) of atmospheric
particulate matter, source apportionment of certain atmospheric pollutants (Davy et al., 2011,
Nishikawa et al., 2011; Amgalan et al., 2016) and other climatic and socioeconomic factors
impacting urban air quality (Luvsan et al., 2012; Ganbat et al., 2013; Huang et al., 2013; Ganbat
and Baik, 2016). To date, there have been no systematic reviews of published studies on air
pollution in Mongolia. In an effort to fill this gap in the literature, we aim to provide a systematic
literature review of air pollution in Mongolia focusing on the source apportionment, physical and
chemical characteristics of air pollutants, and identify areas for future research. The review is
limited to articles and reports in the English language peer-reviewed scientific literature. Studies
of health impacts including exposure and clinical symptoms resulting from indoor and outdoor
air pollution are not discussed.

Section 2 introduces the study area and its climate, which constitutes the important factor
affecting air pollution. Some characteristics of the air quality monitoring network are also described
in Section 2. Section 3 presents an overview of air pollution studies in Mongolia and particularly
in Ulaanbaatar. The paper recommends the directions for further research. Conclusions are given
in Section 4.

2 STUDY AREA

Mongolia is a landlocked country in the East Asian region positioned between 41°40" to
52°15'N and 87°44' to 119°54’E (Fig. 1). Mongolia has a marked continental climate with a
broadly latitudinal rainfall distribution, causing a steep climatic gradient from semi-arid conditions
in the north, with a mean annual precipitation of up to nearly 400 mm, to arid conditions in the
south, with only 100 mm (Wesche and Treiber, 2012). The climate supports three main rangeland
types: meadow steppe or forest steppe in the north, true steppe in the center and desert steppe
in the south. The highest temperatures can reach 45°Cin the Gobi region, which isin the southern
part of the country and covered by sandy desert. Very cold and dry winters occur in the Central
Northern and Northwestern mountain regions in Mongolia, with decreases in temperature to
—45°C (Wesche and Treiber, 2012). This cold weather is attributed to the Siberian high-pressure
system, which extends southeastward across the Eurasian continent in winter. Wintertime
Siberian high-pressure system is also responsible for both weak winds that prevent air from mixing
near the surface and clear skies, causing the formation of temperature inversion. This condition
plays a significant role in winter air pollution (Ganbat and Baik, 2016).

Mongolia is the least densely populated country in the world, with a total population of only
3.36 million in an area of 1.56 million square kilometers, and is the 18" largest country worldwide
(NSOM, 2021). The administrative division of Mongolia consists of twenty-one provinces and a
capital city. Mongolia’s population has undergone rapid urbanization since the mid-1990s, and
this shift has had a major impact on the capital city, Ulaanbaatar, which is now home to 1.57 million
people, equaling 45.4% of the nation’s total population (NSOM, 2021). In addition to the capital
city, each province has a city as its center, where the most populated areas within the provinces
have a population of 10.7-103.7 thousands (NSOM, 2021). Two main industrial cities, Erdenet
(#23 and #24 in Table 1 and Fig. 1) and Darkhan (#7 in Table 1 and Fig. 1), which are the centers
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Fig. 1. Mongolia’s geographic administrative boundaries and air quality monitoring sites in province centers and Ulaanbaatar.
Site identifications are mentioned in Table 1.

of Orkhon and Darkhan-Uul provinces, respectively, are the most populated and industrial hub
regions outside the Ulaanbaatar. The populations living in cities, both centers of provinces and
the capital, have increased dramatically in recent decades (Warburton et al., 2013). The urban
population occupied 57% (1.226 million) of the total population of 2.153 million in 1990, and as
of 2020, it had increased by a factor of two, reaching 69% (2.316 million) of the total population
of the country (NSOM, 2021).

Ambient air pollution is the main environmental issue in the cities of Mongolia. Because of its
high population and air pollution emission rate coupled with geographical and climatic conditions,
air pollution is the most serious in Ulaanbaatar (Cousins, 2019). Other cities (the centers of the
provinces including major industrial cities—Darkhan and Erdenet) have also been experiencing a
high degree of ambient air pollution in recent years, especially during the winter season (MET,
2019).

Through the air quality (AQ) monitoring network, which constitutes of the National Agency for
Meteorology and Environmental Monitoring (NAMEM) and the Air Pollution Reduction Department
of Ulaanbaatar city (APRD), a total of 42 sites are operating across the country (Fig. 1). At the site,
sulfur dioxide (SO,), nitrogen dioxide (NO;), and particulate matters (PMyo and PM;s) are monitored
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Table 1. List of the air quality monitoring sites with measured parameters in Mongolia.

Measuring parameters
NOy co O3 PM3 5

Site name (ID)

=
o
wn
L
o
=
S}

Ulaanbaatar city
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Mongol gazar (UB7)
Urgakh naran (UBS8)
Selbe 5 buudal (UB12)
Hailaast (UB11)
Bogdkhaanii ordon museum (UB13)
Tolgoit (APRD1)
MNB (APRD2)
Amgalan (APRD3)
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Dambadarjaa (APRD5)
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Other cities (province centers)
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regularly. Only a few sites in Ulaanbaatar measure ozone (0s) and carbon monoxide (CO)
concentrations. The numbers of measuring parameters vary between the sites. The AQ monitoring
sites of Mongolia with the measured parameters is listed in Table 1. Sixteen air quality monitoring
sites are operated in Ulaanbaatar and located in—industrial (UB1 and UB7), residential (UB4,
UBS5 and UB13), ger area (UB3, UB11, UB12, APRD1, APRD2, APRD3, APRD4, APRD5, and APRD6),
roadside (UB2), and remote areas (UB8). The current national air quality standard (MNS 4585:2016)
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designating the maximum permissible levels of pollutants in ambient air was last amended in
2016. The pollutant levels in the national standard are high in comparison with those in the WHO
guidelines (UNDP, 2019). For example, the national standard for 24-hour PM, s is 50 ug m=3, while
the WHO standard is 25 pig m™ (Table 2.2 from UNDP (2019)). The air quality index is used to
report the air quality situation to the public and has been revised and implemented in 2018 based
on the effects of air pollutant concentrations on human health (MET, 2018).

3 RESULTS AND DISCUSSION

3.1 Pollutant Sources

For decision-makers, accurate and up-to-date knowledge of the source apportionment is essential
in developing an optimal air quality management program. There is a lack of studies focusing on
the source apportionment of air pollution and emission inventory except for Ulaanbaatar. Several
published reports and studies on the air pollution sources in Ulaanbaatar are available. For the
first time, Guttikunda (2008) presented the sources of particulate matter emissions for 2006. A
local source predominates over the long-range transport (Nishikawa et al., 2011). The PM emitters
were reported to be from power plants (36%), followed by household stoves (25%) and heat-only
boilers (17%). At the ground level in the city, it was calculated that stoves and HOBs (heat-only
boilers) contribute the most to air pollution. The largest source of PMyp is household stoves and
HOBs, which were indicated at ground level in the city (Guttikunda, 2008). It was mentioned that
the PM source from vehicles is less important than that from power plants, stoves, and boilers,
however, is increasing rapidly than the other sectors (Guttikunda, 2008).

The PM pollution source from combustion processes in stoves is also found to be significant (87%)
from the analysis done in 2008-2009 (Lodoysamba and Pemberton-Pigott, 2011). The different
averaging period and spatial location showed different contributions; for example, the difference
between the contributions from combustion sources for PM; s for 1-year and 5-year is ~35%, and
locations near ger (Mongolian traditional felt tent) areas showed the highest contributions from
combustion.

The emission inventory has been updated and reported within the Capacity Development Project
for Air pollution control supported by the Japan International Cooperation Agency (JICA, 2017).
The source contributions of individual PM, sulfate, and nitrate in Ulaanbaatar were identified. The
pollution source contributions are likely to show spatial variations; for example, power plants in
southern Ulaanbaatar show the largest contribution to PM;o emission sources, along with stoves,
dust from roads and vehicle exhaust gas, while roads tend to show greater source contributions,
followed by stoves in another part of Ulaanbaatar. Contributions from different sources may also
depend on the emission height, e.g., stack height is 150-250 m for power plants, ~10—-40 m for
HOBs and ~3—6 m only for households’ stoves.

3.2 Air Quality Studies in Small and Industrial Cities

In this section, ambient air quality studies in the central towns of the twenty-one provinces of
Mongolia are considered. Within the framework of the National Environmental Monitoring
System, criteria pollutants are monitored (Table 1) at the air quality (AQ) monitoring sites. Due
to scattered sites of the national network, small and industrial cities have difficulty in getting
detailed information on air quality. Nevertheless, according to the observation results, the main
pollutants that show comparably higher concentrations and risks for human health overall in
Mongolia are SO, NO,, and PM, while CO and Os are below the national standard levels.

3.2.1 Gaseous pollutants

Fig. 2 shows the comparison of monthly mean concentrations for December of SO, and NO,
for 2013-2015 and 2017-2019 periods measured at the AQ monitoring sites in non-capital
locations. December month is chosen because it is the second coldest and polluted month of the
year in the region. The concentrations of air pollutants vary across the country which are likely to
be associated with various factors, such as pollutant sources, geographical and climate conditions,
and socioeconomic factors. The mean SO, concentrations for December varied in the range of
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2.2-117 ug m3 (not shown here) at the AQ monitoring sites and exceeded the permissible level
(50 pg m=3, the daily mean) in Bayankhongor (#5 in Fig. 1 and Table 1) and Dalanzadgad (#8 in
Fig. 1 and Table 1) in 2018 (Fig. 2(a)). The mean NO; concentrations for December of each year at
the AQ monitoring sites varied in the range of 6.4—-112 pg m=3(not shown here). In Bayankhongor
and Erdenet, high levels of NO, were observed, exceeding the national permissible level (50 ug m=3,
daily mean) (Fig. 2(b)). Air quality monitoring sites in Bayankhongor and Erdenet are located on
roadside and the numbers of automobiles in the cities are dramatically increased in recent years.
According to the National Statistical Office of Mongolia, the numbers of automobiles are increased
by factor of ~1.8 in Orkhon province (96% of population lives in the Erdenet city) for the last eight
years (NSOM, 2020). During the period from 2017 to 2019, the mean concentration of SO, for
December clearly increased for the most sites in comparison with period from 2013 through 2015
(Fig. 2(a)). Luvsan et al. (2012) discussed regular monitoring data of SO, from 10 AQ monitoring
sites in cities (Khovd, Ulaangom, Murun, Tsetserleg, Arvaikheer, Mandalgobi, Darkhan, Sukhbaatar,
Erdenet, and Choibalsan) and four AQ monitoring sites (UB1 to UB4) of Ulaanbaatar for the
period 1996-2009 to determine the source area of sulfur dioxide in Mongolia. Clear seasonal
variations in SO, associated with heating demand in harsh winter and increased emissions from
urbanization and industrialization were seen and the annual mean concentrations of SO, are
likely to rise with increasing population and industrial development (Luvsan et al., 2012). Moreover,
the steel industry, mining, and/or other industrial activities can be major contributors to air
pollution in Darkhan, Erdenet, and Sukhbaatar (Luvsan et al., 2012).

3.2.2 Particulate matter

As mentioned, particulate matter is the most common polluting parameter in Mongolia due to
emissions from incomplete coal combustion in households and soil resuspended dust. Fig. 2(c)
shows December mean concentration of PMyp at three local sites—Erdenet, Darkhan, and Murun
for the period of 2015-2019. As shown in Fig. 2(c), the PM;o concentration exceeds the national
permissible level at the sites (100 ug m™3, daily mean), with monthly average concentrations
ranging between 89 ug m= (in Erdenet in 2015) and 230 ug m=3 (in Murun in 2019) in winter.
Bolor-Erdene et al. (2011) conducted an analysis of PM;o and PM, s mass concentrations and their
elemental compositions in ambient air in the cities of Erdenet and Ulaanbaatar, but detailed
information about the sampling period and concentration for the Erdenet cities was not provided
(Bolor-Erdene et al., 2011).

3.2.3 Trends of air quality in small cities

According to a report from the Ministry of Environment and Tourism (MET, 2020), the air
quality in many cities of Mongolia is getting worse each year. Variations in the yearly mean
concentrations of SO; at three sites (Bayankhongor, Darkhan, and Arvaikheer, Fig. 2(a)) illustrate
a dramatic increase of 50-90% for the 2009-2011 period. In addition to the continuous increase in
the pollution level of ambient air in many small and industrial cities of Mongolia, detailed research
works on both criteria and trace pollutants—spatial and temporal variations, risk assessment,
source characteristics, and socioeconomic, geographical, and climatic condition impacts were not
yet systematically investigated or published in international scientific journals. Only two works
(Bolor-Erdene et al., 2011; Luvsan et al., 2012) considered a few air pollution parameters outside
of the capital city Ulaanbaatar. Both studies noticed clear seasonal variations in pollution levels
in ambient air at all investigated sites, with the greatest variations occurring from December to
February. The major sources are household and heat power stations’ fuel burning for heating,
which impacts the seasonal frequency of these air pollutants in Mongolia (Luvsan et al., 2012).
Moreover, mining waste dump can have a significant contribution to ambient PM pollution in
Erdenet city (Bolor-Erdene et al., 2011). Air pollution from SO, in small cities of Mongolia is
becoming worse as urbanization (Luvsan et al., 2012) and energy use increase.

3.3 Air Quality Studies in Ulaanbaatar City

Ulaanbaatar, Mongolia, is known as one of the most severely polluted cities in the world
(Cousins, 2019). Ulaanbaatar’s air pollution has become of increasing concern in recent two
decades. Table 2 summarizes international publications focusing ambient air pollution and related
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Table 2. Compilation of published studies on ambient air quality in Mongolia.

Study Study area . Focus Considgred pollutants and data Study period
(number of sites) collection

Guttikunda et UB e General discussion of PM e Emission inventory of PM, 2010
al. (2013) pollution S0,, NOy, CO, for 2010;

forward trajectory modeling

to estimate PM

concentration
Amarsaikhan  UB e General discussions of air e Recall of previously reported Recall studies covering
et al. (2014) pollution studies 2007-2013
Lodoysamba uB e Emission inventory e PM measurement 2008-2009
and e Multi-element analysis using
Pemberton- the ion beam method
Pigott (2011) e Source apportionment
Ganbat and UB e Weather and topographic e Meteorological condition 2013
Baik (2016) condition analysis

e Numerical weather modeling

Wang et al. UB e Impact of meteorological e Analysis of meteorological, 2008-2016
(2018) condition on air pollution air quality (PM), ground

based LIDAR, and radiosonde

data
Wang et al. uB e Impact of meteorological e Analysis of meteorological 2010
(2017) condition on air particulate and LIDAR data

pollution

Prikaz et al. UB (1) e Source area of SO, by e NO,, NO, NO,, O3, CO, PMyo, Over 2017
(2018) HYPSLIT model PM,s, PM; from National

monitoring network
Luvsan et al. UB (4) e Influence of sources and e SO, data from National Multiyear (1996-2009)

(2012)
Bolor-Erdene
et al. (2011)

Huang et al.
(2013)

Amgalan et al.
(2016)

Batmunkh et
al. (2013)

Byambaa et al.
(2019)

Hasenkopf et
al. (2016)

Provinces (10)

UB (1)

Erdenet (1)

UB (38)

UB (2)

UB (1)

UB (5)

UB (1)

meteorological conditions
on SO, pollution by
multiple regression models

e Mass concentration

e Elemental composition of
PMas and PMzs.10

e Source contributions for
SO, and NO, using land use
regression model

e Elemental composition,

e Source contributions PMF
model

e Chemical characteristics of

atmospheric aerosol during

winter

e Source contribution
prediction of PAHs in
ambient TSP

e Health risk assessment

based on concentrations

e Elemental composition of

PM2s

PM2s

Physical characterization of

monitoring network

PM10.2_5, PM;s sampling
Elemental analyses by XRF

S0O,, NO, by 2 weeks passive
sampling, analyses

Sampling of PMo-2.2, PM3.2-10
Elemental analyses by XRF

PM, s sampling

mass concentration chemical
analyses for ions, metals,
OC, EC

15 priority PAHs

PM,.s mass concentration
Elemental analyses
Determination of particle
size, shape, and ice
nucleation

No information provided

Three different seasons
(Sep. 2011-Mar. 2012)

Over 1 year (Sep. 2012—
Aug. 2013)

One season (Jan. 2008-
Feb. 2008)

1-week sampling at
three seasons (Jan. 2017,
Mar. 2017, Sep. 2017)

Nine months (Jun. 2012—
Feb. 2013)
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Table 2. (continued).

Study Study area . Focus Considgred pollutants and data Study period
(number of sites) collection

Davy et al. UB (1) PM mass concentration ® PMig.25, PM3 s sampling Multiyear (Oct. 2004—

(2011) Elemental composition, e Elemental analyses by XRF ~ Apr. 2008)

Gunchin et al.
(2019)

Nishikawa et
al. (2011)

Oyungerel et
al. (2013)

Jungetal.
(2010)

Jung et al.
(2011)

Lee et al.
(2018)

Morino et al.
(2008)
Ganbat et al.
(2020)
Batbold et al.
(2021)

Nirmalkar et
al. (2020)

Gunchin et al.
(2021)
Yamamoto et
al. (2020)

uB

UB (1)

UB (12)

UB (1)

UB (1)

UB (2)

UB (2)
UB (12)

UB (57)

UB (1)

UB (1)

source contributions by
PMF model

PM mass concentration
Elemental composition,
source contributions by
PMF model

Two seasons chemical
composition of PMyg
Monitoring PM,s and PMjg

Particle sizes and their
distributions of roadside
aerosols

Composition of water-
soluble organic acids in
atmospheric fine PM during
winter haze period
Hydrophobic property of
water-soluble organic rich
aerosols

Comparison size and
chemical composition of
< 2.5 um of road dust in
Ulaanbaatar and in
Gwangju, Korea.

VOC concentration in
ambient air

Improvement in air quality

Source apportionment of
heavy metals from ground
surface

Biomass burning
contribution OCin PMy5

Chemical speciation of Zn
and Crin PM

Chemical characteristics of
suspended PM and sources
contributions

PMio.2.5, PM2s, sampling
Elemental analyses by XRF

PMio sampling and analyses
for ions, elements, OC, EC, C
isotope composition in OC
PMa.s, SOz, PM1o

Particles in snow samples

PM;s sampling

Analyses of 40 water soluble

organic acids

Determination of shape and
hydrophobic property of
PM, s samples

Size and chemical
composition of <2.5 um
dust; metals, ions,
carbonaceous compounds

12 VOC in ambient air

Reduction of PM;5 and PMyq

concentrations
Determination of heavy
metal source from settled
dust samples

PM;s sampling and analyses
of biomass burning markers
(levoglugocsan/mannosan),
EC, OC, water soluble ions
Data analyses for
contribution of biomass
burning and non-biomass
burning sources in OC

Multiyear (Jan. 2014—
Jan. 2017)

e PMjo sampling: 1-week
each season (Jan.
2008; Jun. 2008)

(] PMz,s, SOz, PMlo-OVEF
a year (Jun. 2009—-May
2010)

January 2011 (total

accumulated snow)

Dec. 2007

Dec. 2007

Jan. 2016

No information provided

Multiyear (2014-2020)

Jan. 2020

Jan.—Feb. and Apr.—May
2017

PM sampling and analysis by Jun. 2016-Jan. 2017

XANES
PM analyses for OC, metals,
ions, n-alkanes and PAHSs

Jan. 2014—Apr. 2015
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topics mentioned above in Mongolia. Almost all studies conducted on the Ulaanbaatar’s air
pollution (Table 2), while only two works considered the air pollution in other cities (Bolor-Erdene
et al., 2011; Luvsan et al., 2012). To date, ambient air quality and its related topics including
chemical composition for both critical and trace (emergent) pollutants, toxicity, physical properties,
source characteristics and apportionment, and distribution have been insufficiently studied (see
also Fig. 1 of Hasenkopf et al., 2016) (Hasenkopf et al., 2016).

3.3.1 Impacts of climate and topographic conditions

Geographical and weather conditions are important factors affecting air pollution in Ulaanbaatar
(Guttikunda et al., 2013). Considering how weather conditions affect air pollution may help
understand the essence of air pollution and is important for appropriate reduction measures.
Studies attempting to explain the weather and geographical impacts on air pollution in Ulaanbaatar
have applied different methods. The city of Ulaanbaatar is located in the valley of Tuul River and
surrounded by high mountains (Amarsaikhan et al., 2014). Due to complex topography, the
pollutant dispersion is complex in Ulaanbaatar. The valleys, for example the Selbegol valley located
to the north of the city, play an important role in transporting the pollutants over/toward the
city (Lorentz et al., 2019). In summertime, when the fair condition for the development of local
winds is met, urban breeze circulation, mountain/valley winds are well developed (Ganbat and Baik,
2015). Well-developed winds and deep convective boundary layers are capable to transporting
pollutants far away from their emission sources. Weather conditions and air circulations on a local
scale in summertime (Ganbat and Baik, 2015, 2016) are very different from those in wintertime.
In winter, weak local winds are developed in a stable boundary layer (Ganbat and Baik, 2016)
where the motion is suppressed resulting in trapped pollutants in the shallow boundary layer.
With extreme climate, Ulaanbaatar is the coldest capital of the world; the average temperature of
January is —33°C, but the temperatures can drop below —40°C (Pillarisetti et al., 2019). Temperature
inversions are frequently observed in mountainous urban areas and can cause severe air
pollution problems, especially in wintertime (Luvsan et al., 2012).

During winter periods, the effects of temperature inversion are enhanced because of lower
mixing layer heights (Whiteman et al., 1999). Air pollutants emitted from various sources tend to
be concentrated within the valley area under the temperature inversion condition, and a layer of
cooler air is trapped near the ground by a layer of warmer air above that prevents any dispersion
of pollutants (Baumbach and Vogt, 2003). The low wind speed within the atmospheric boundary
layer accompanied by the temperature inversion condition due to the Siberian high-pressure
system contributes to the increase in air pollutants in winter in Mongolia (Wang et al., 2018;
Lorentz et al., 2019). Ganbat and Baik (2016) conducted a numerical modeling experiment to
investigate wintertime weather conditions that are favorable for bad air quality in Ulaanbaatar.
It was revealed that the air is very stable and windless within the temperature inversion layer,
which leads to the stagnation of air pollutants. Spatial and temporal variations of temperature
inversion in Ulaanbaatar for the chosen case are clearly presented in the numerical modeling
study (Ganbat and Baik, 2016). The numerical study reveals that the temperature inversion is
strong and deep in the valleys compared to that over the mountains and mountain slopes. The
temperature inversion weakens in the daytime as surface heats.

Wang et al. (2018) employed statistical methods using meteorological and air quality
observations, LIDAR, and radiosonde data (Wang et al., 2017; Wang et al., 2018). They elucidated
the formation and breakup timing of the temperature inversion layer capping the urban area of
Ulaanbaatar. A stable atmosphere persists throughout winter (Fig. 6(c) in Wang et al. (2018)) and
becomes thicker and stronger from September to January. A relatively shallow mixing layer
(<300 m), where the wind is weak and vertical convection is suppressed, allows the air pollutants
to stagnate within it. Using observational data for the period 2008-2016, the authors presented
a significant positive correlation (R = 0.595) between the temperature inversion intensity and
PM, s concentration in Ulaanbaatar (Wang et al., 2017, 2018).

Statistical analysis of meteorological impacts on SO, concentration at 14 different sites in
Mongolia was conducted by Luvsan et al. (2012). Linear regression model confirmed that SO,
levels are negatively correlated with wind speed and temperature in Ulaanbaatar and SO, pollution
has worsened since 2000s because of social impacts including urbanization and industrialization.
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The authors mentioned the importance of wind directions in the increase in SO, levels due to coal
consumption emissions in ger areas. SO, levels tend to be higher with winds from N-NNW (north—
north northwest) than those from N-ENE (north—east northeast) (Luvsan et al., 2012). Considering
the studies on relationship between air pollutant concentrations and several meteorological
conditions are insufficient, more sophisticated numerical modeling approach should be applied
to understand the complex mechanisms.

3.3.2 Particulate matter
3.3.2.1 Mass concentration

The concentration of inhalable particulate matter (PMyo and PM,s) in Ulaanbaatar is the
highest in the country, making Ulaanbaatar city one of the most polluted cities in the world for
several years (Guttikunda et al., 2013; Cousins, 2019). Due to incomplete combustion in traditional
low-efficiency stoves in ger area of Ulaanbaatar, high-concentration particulate matter is emitted
from stacks of those stoves. These emissions (from 25% (Guttikunda, 2008) to 87% (Lodoysamba
and Pemberton-Pigott, 2011)) result in extremely high concentrations of particulate matter in
the urban atmosphere.

Fig. 3 shows the daily mean PMjo, PM; 5, SO>, and NO, concentrations for 2014—-2021 averaged
over the AQ monitoring sites in Ulaanbaatar. Prominent seasonal variations are clearly seen
having the greatest concentration in cold seasons due to high pollutant emissions resulting from
fuel consumption and weather condition with temperature inversion (discussed in Section 3.3.1).
The PM; 5 concentration is greatest in winter exceeding many times the national permissible level
(50 pg m~3) while it is likely to be below/near the permissible level most of the time during warm,
non-heating seasons. Ganbat et al. (2020) reported the daily (hourly) maximum PMjg and PM, s
concentrations of 833.6 (2505) ug m—3and 511.4 (1413) pug m~3for the period, respectively (Ganbat
et al., 2020).

Many studies indicated that emissions from coal burning in ger area are the main reason for
Ulaanbaatar’s pollution problem (Guttikunda et al., 2013; Lodoysamba and Pemberton-Pigott,
2011; JICA, 2017). Over the last decade, a variety of efforts have been made to reduce emissions
from polluting sources, special attention has been paid to reduce emissions from ger areas because
of coal combustion. A city-wide substitution of raw coal with upgraded briquette coal has been
effective in reducing particulate matter pollution and largely reduced the PM,s and PMyg
concentrations in winter. In the past two winters, the air quality was improved in Ulaanbaatar to
some extent which was first documented in Ganbat et al. (2020). For winter 2019-2020, the daily
mean concentrations of PM; s and PMjo during the heating season were reduced by 36% and 40%
compared to the heating seasons in 2014-2018, respectively. The improvement was mainly by
the city-wide substitution of raw coal with upgraded briquette fuel since 15 May 2019 according
to Governmental resolution No. 62 adopted in 2018. Despite the progress in reductions in PM
concentrations, the PM concentrations are still well above the WHO guideline values and the
national standard levels.

3.3.2.2 Chemical composition
a) Elemental composition

Various organic and inorganic toxic substances can be present on particulate matter emitted
from coal combustion as soot and ash particles. The elemental compositions of fine particulate
matter in Ulaanbaatar ambient air were previously investigated in several locations by separating
two different sizes of fine (aerodynamic diameter less than 2.5 um) and coarse (between 2.5 and
10 pum) fractions (Davy et al., 2011; Amgalan et al., 2016; Hasenkopf et al., 2016; Gunchin et al.,
2019). The main discussions were conducted on the source contributions of atmospheric particulate
matter in the atmosphere based on seasonal variation and PMF (positive matrix factorization)
analyses. Based on an investigation of a multiseasonal long period between 2004 and 2008 (Davy
et al., 2011), the combustion sources, such as coal combustion, biomass burning, and motor
vehicles, dominated the fine fraction of particulate matter in Ulaanbaatar, primarily from local
emission sources, but forest fires in the north can be a significant contributor to biomass burning
concentrations over time. Crustal dust sources were the primary contributors to the coarse
particle fraction (PM2s.10). For the study period, at the site of city center (National University of
Mongolia), the distributions of source contribution of the coarse particulate matter (PM.s.10)
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Fig. 3. Daily mean concentrations of (a) PM1o, PMss and (b) SO,, NO; for 2014-2021 averaged
over the AQ monitoring sites in Ulaanbaatar.

were in the order: soil > road dust > combustion, while of the fine particulate matter (PM;s),
more categories were separated and in the order: combustion > soil > road dust > motor vehicles
> biomass burning. There was also an unknown source grouped with high Zn loading for fine
aerosols (Davy et al., 2011). In addition, the results of different studies on source contributions
for particulate matter can differ depending on time and locations of the studies. In an investigation
by Amgalan et al. (2016) using the same techniques as Davy et al. (2011), source contribution of
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PM,.s were observed at two suburban ger areas of the city over the period of Sep 2012—Aug 2013.
In the ger area, the source contribution of PM, s aerosols were determined in the following order:
combustion > road dust > motor vehicles > soil. At another site located in the eastern part of the
city, the contribution of PM, s changed to the following order: soil > combustion > motor vehicle
> road dust (Amgalan et al., 2016).

While numerous studies of approaches on elemental composition and organic compounds
(described in the next section) in PM have been carried out, the only study was recently conducted
on chemical speciation of zinc (Zn) and chromium (Cr) in aerosols. Gunchin et al. (2021) introduced
a chemical speciation analysis of two elements in fine (PM;s) and coarse (PM3s.10) particulate
matters based on the results of X-Ray Absorption Near-edge Structure Spectroscopy measurements.
According to the results, chromium (Cr) was dominant in the form of tri-valent chromium sulfate
(Cr2(S0O4)3) and chromium oxide (Cr,03) for both PM, s and PM> 5.1 fractions. Relative abundances
of those forms were varied between the samples, but no direct relation was observed with Cr
and S concentrations in aerosol. Two abundant speciation of Zn—sulfate (ZnSO,) and silicate
(Zn,Si0,4) were identified for both fine and coarse PM fractions. Zn oxalate (ZnC,04) was
determined in fine particles, while Zn chloride (ZnCl,) in the coarse particles and the relative
abundances of the species of Cr and Zn were also had no direct relation with the concentrations
of Zn, S, Si, and Cl. The authors concluded that Cr and Zn were mainly originated from
anthropogenic sources—combustion and resuspension of dust particles due to traffic (Gunchin
et al., 2021).

b) Combined approaches for chemical composition and sources

The chemical compositions of atmospheric fine aerosols (PM,s) in Ulaanbaatar city including
water-soluble organic acids (Jung et al., 2010) and ionic, elemental, and carbonaceous compounds
(organic and black carbon) were investigated during winter haze events (Jung et al., 2010; Nishikawa
et al., 2011; Batmunkh et al., 2013) and compared with those of the warm season (Nishikawa et al.,
2011). According to these earlier studies performed decade ago, ionic, metallic, and carbonaceous
compositions of particulate matter in Ulaanbaatar (PM,.s and PMyo) are attributed mostly to coal
combustion products in the winter (heating) period (Nishikawa et al., 2011; Batmunkh et al.,
2013). Carbon components (OC and EC) are dominant in PMyg for both heating (47%) and non-
heating (33%) seasons in Ulaanbaatar air (Nishikawa et al., 2011). Concentrations of OC (EC) were
ranged between 45.4 ug m= and 119 ug m™3 (18.7 ug m=3 and 30 pug m™3) in heating season and
between 10.1-27.3 pg m= (4.31-8.28 ug m=3) in non-heating season (Nishikawa et al., 2011).
During the same year in winter (2008), the organic mass carbon content in PM; s counted 62.7%,
and the content of ammonium sulfate followed, with a 12.6% contribution (Batmunkh et al.,
2013). Elemental concentration and their ratios are clearly distinguished for different sampling
periods due to their dominant sources, e.g., coal combustion in heating season, while soil dust
resuspension in non-heating season. The research by Jung et al. (2010) firstly reported the
dicarboxylic acids, ketocarboxylic acids, and a-dicarbonyls, and as well as soluble inorganic ions
of PM,s. The most part of aerosols were composed from emissions from local sources and as
well as weather/geographical condition is a key factor of occurrence of haze events. Distributions
of dicarboxylic acids and related compounds were determined to have a predominance of
terephthalic acid followed by oxalic, succinic, glyoxylic, and phthalic acids (Table 3), which
indicated a significant contribution from the uncontrolled burning of plastic materials in home
stoves for heating and waste incineration during the cold winter (Jung et al., 2010).

Recently, Nirmalkar et al. (2020) conducted research on estimation of organic carbon emissions
from biomass burning in Ulaanbaatar based on organic carbon (OC) and elemental carbon (EC),
anhydrosugars (levoglucosan, mannosan, and galactosan), and water-soluble ionic composition.
Biomass and coal burning and followed by soil dust and secondary aerosols formation were the
major sources of PM;s. Similar to previous findings, in winter and spring, the OC was found to be
a major component in PM, s constituting 64% and 56%, respectively, and 68% and 63% of the OC
were emitted from biomass burning, respectively. The indicator compounds such as levoglucosan/
mannosan and levoglucosan/K"* ratios revealed that the softwood burning aerosols in Ulaanbaatar
is a major source of organic carbon in PM, s. Multivariate correlation analysis identified that non-
biomass burning organic carbon is dominantly produced by coal burning and followed by vehicle
and vegetative emissions (Nirmalkar et al., 2020).
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Table 3. Concentrations of dicarboxylic acids and related compounds in PM; s of Ulaanbaatar
(Jung et al., 2020).

Compounds Concentration, ng m= Percentage in total organic acids, %
Terephthalic acid 130 +51 19

Oxalic acid 107 £ 28 15

Succinic acid 63+20 9

Glyoxylic acid 55+18 8

Phthalic acid 54 +27 8

Soil dust contributions existed with almost the same contributions in two seasons, heating
(January) and non-heating (June) (Nishikawa et al., 2011). The meteorological conditions were
determined to be the most impactful factor on the particulate matter concentration level in
Ulaanbaatar (Jung et al., 2010; Batmunkh et al., 2013). During high-speed windy days with low
atmospheric pressure (LP), the PM concentrations were lower by a factor of two or three than
those on high-pressure days with a comparably stable stagnant atmosphere (Batmunkh et al.,
2013). Most of the air pollutants were directly emitted from local sources such as heat and power
plants, home stoves, and automobiles during the winter season (Jung et al., 2010).

c¢) Organic pollutants

Since the main producer of atmospheric pollution in the city is coal combustion (Guttikunda et
al., 2013; JICA, 2017), trace amounts of organic toxic compounds that are emitted by incomplete
combustion (i.e., various types of PAHs) (Bari et al., 2010; Sarigiannis et al., 2015) are expected
to be present at high concentrations in the air of Ulaanbaatar. However, very few research studies
have been performed and published internationally on this topic. Total suspended particles (TSPs)
collected from five different locations of the city for the heating and non-heating period of 2017
were investigated by Byambaa et al. (2019). The total PAH concentrations (15 priority PAHs)
ranged between 131 and 773 ng m~ in winter, 22.2 and 530.6 ng m~ in spring, and 1.4 and
54.6 ng m~3 in autumn and showed a high risk for inhabitants, with the PAH levels exceeding the
World Health Organization guidelines in winter (Byambaa et al., 2019). In addition, a significantly
higher concentration of 16 priority PAHs in inhalable particulate matter (PM,;) in the ambient
air of the ger area in Ulaanbaatar was observed during the transition period between the heating
and non-heating periods (Feb—Apr 2019) (Lorentz et al., 2019). The risk level of PAHs bound to
PMio was calculated to be extremely high (with a benzo[a]pyrene equivalent factor of 32 + 17)
and similar to that in the most polluted industrial city, Tianjin in China (29.7 + 15.1 recalculated)
(Jin et al., 2018). Further detailed investigations on PAHs for fine atmospheric PM including size
and molecular distributions as well as different source contributions and impacting parameters
are urgently needed in Ulaanbaatar city to provide guidance to people to avoid exposure to such
highly toxic carcinogenic compounds. It can also be noted that in addition to evaluation of the
pollution level in ambient air, atmospheric transfer mechanisms, which depend on the climatic
factors in the city air, as well as environmental fate and transfer through the geochemical cycle
in certain conditions of the country can be important research topics.

d) Dust deposition

Lee et al. (2018) investigated size and chemical composition of a fine fraction (< 2.5 um) of road
dust collected from two locations in Ulaanbaatar and compared with those in Gwangju, South
Korea. The authors found greater fractions of ultrafine fine (~30 nm) particles in UB road dust
with comparably higher concentrations of As, SO42-, and CI~ and is indicated significant impact of
residential coal/biomass burning. In a recent study, application of chemical methods of
atmospheric dry deposited dust is used to determine the sources for the seven potentially toxic
metals (As, Co, Cr, Cu, Ni, Pb, and Zn) in heating season based on settled dust analyses sampled
at 57 sites in Ulaanbaatar (Batbold et al., 2021). The results showed that the metals composition
in settled dust are attributed to coal combustion, vehicle exhaust emission, and soil particles.
Southern part of the city is enriched with comparably high concentrations of As, Zn, Cu, and Cr
when compared to other parts of the city and are mainly attributed to coal combustion sources.
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3.3.3 Physical properties

The size distribution of the nanosized fraction of ambient air particulate matter along the
roadside was investigated by Oyungerel et al. (2012). Snow samples collected from twelve locations
of the city were used for particle size and size distribution analysis by photon cross-correlation
spectroscopy. The particle mean diameters were found to be from 1.1 to 2.5 pm, ranging between
74 nm and 4.0 um. Ultrafine particles or nanoparticles (0.02% volume percent) were found in the
range of 74-100 nm, while 83.73% fine particles (PM,s) were found in the range of 100 nm-2.4 pm,
and 16.25% coarse particles (PMjo) were found in the range of 2.4—4.0 um. Aerosols along the
road had a high content of PM; 5 particles (Oyungerel et al., 2012). Hasenkopf et al. (2016) studied
the particle sizes, shapes, and ice-nucleating properties of particulate matter collected during
different seasons. As a result, all particles are in the inhalable range, with almost all particles
smaller than 2.5 mm, composed of minerals, soot, and sulfate-organic compounds. The particle
concentration and sulfur content of particles increase in winter with lower ice nucleation activity
(Hasenkopf et al., 2016). Moreover, the hygroscopic property of water-soluble organic-enriched
aerosols in Ulaanbaatar during the winter of 2007 was investigated by Jung et al. (2011). The
authors found that hygroscopic growth of water-soluble organic matter (WSOM) in at RH 85%
(g(85%)) is ranged between 1.11 and 1.35 (avg. 1.23 + 0.10), which are comparable to those of
the biomass burning aerosols (Jung et al., 2011).

3.3.4 Other pollutants
a) Sulfur dioxide (SO;)

As expected, in Mongolia, SO, pollution in winter is more serious than that in the other three
seasons. According to the observational data from 1996-2009 at the AQ monitoring sites in
Ulaanbaatar (UB1, UB2, UB3, and UB4, see Table 1), the daily mean concentrations of SO, were
27.3 £ 24.7 ug m= and increased dramatically during the study period (Luvsan et al., 2012). The
observed results are attributed to the use of raw coal in ger area for heat production over the
years, where this coal without a washing pretreatment contains a significant amount of sulfur
(Prikaz et al., 2018). The main SO, emitters in Ulaanbaatar are combustion sources such as ger
stoves, traffic and power plants. All seasonal fluctuations in SO, emissions are shown to be due
totheincrease in fuel consumption requirements in cold weather conditions (Luvsan et al., 2012).
Prikaz et al. (2018) investigated source areas of SO, in Ulaanbaatar based on whole-year data of
air pollutants (NOy, NO, NO,, O3, CO, PMyg, PM55, and PM;) measured at the APRD3 site (Fig. 1)
and using HYSPLIT backward trajectory analyses (Prikaz et al., 2018). According to the results, in
2017, the annual average concentration of SO, at the site was 32.43 ug m=and the hourly
maximum concentration reached 233.2 ug m™3 in January. Back trajectory analyses showed that
78.8% of the total trajectories in Ulaanbaatar came from an area inside Mongolia.

Fig. 3(b) shows a noticeable variation of SO, with seasons and worsened SO; pollution in recent
years in Ulaanbaatar city. The seasonal variation of SO, is similar to that of particulate matter
showing a significantly higher concentration in winter than in summer. Compared with that in
winters before 2018/2019, SO, increased by 41% in the following two winters, which has already
elicited concerns. However, no study to date has yet elaborated and reported the recent increase
in SO, concentration in Ulaanbaatar. Sulfur content in briquette fuel is ~0.9% (MNIA, 2019) and
is not exceeding the National Standard (MNS 5679:2019, < 1.0% S), however, is approximately
two times higher than that in Baganuur coal (0.42% S) (JICA, 2013), previously used as the main
fuel of residences of Ulaanbaatar’s ger area before the substitution to briquette in 2019. Thus,
further investigation is needed by combining of fuel’s characteristics (e.g., caloric values,
compositions, and ash contents), emissions to propose adequate measures to reduce SO, pollution
in Ulaanbaatar.

As shown in Table 2, the source apportionment studies for the SO, level and sulfur compounds
in the particulate matter have not been sufficiently conducted in Mongolia. Spatial distributions
of SO, and source characteristics across Ulaanbaatar were investigated by Huang et al. (2013).
The authors collected multiseasonal passive samples from 38 locations in 2011-2012 and
evaluated the impact of land use patterns on SO, and NO, distributions by multiple regression
models. The SO, concentrations were 121.9 pg m= in the cold season and 46.62 ug m= in the
moderate season (units were converted from ppb in original). Ger area sites showed significantly
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higher SO, concentrations than non-ger area sites (60.09 pg m= and 32.78 ug m™3, respectively).
These results also supported that the main source of atmospheric SO, in the winter season is coal
combustion in ger areas (Huang et al., 2013).

On the other hand, when considering the recent increase in vehicle and fuel consumption
accordingly in the city due to an increasing population and number of vehicles, a high contribution
from fuel combustion to the urban atmosphere is expected. This expectation is supported by the
analytical results of fuels used in Mongolia. According to the Tables 1 and 2 of Bayasgalan et al.
(2018), there are extremely high concentrations of sulfur in gasoline (117-400 ppm S) and diesel
(1,135-1,165 ppm S) used in Mongolia, exceeding the Euro 4 standard (50 ppm S) by 2—8 times
and 22-23 times, respectively (Bayasgalan et al., 2018). So far, there have been no reported
contributions of SO, from other sources related to industrial activities within the Ulaanbaatar
city. Thus, detailed studies on the source contributions of SO, and sulfur compounds in the
atmospheric particulate matter would have been one of the urgently needed research topics.

b) Nitrogen dioxide (NO;)

As described in the previous sections, in addition to coal combustion, automobile emissions
play a significant role in air pollution in cities (Davy et al., 2011; Amgalan et al., 2016). For the last
ten years, the number of vehicles has increased in Ulaanbaatar by a factor of 4.5 and has reached
~540,000 (Bayasgalan and Matsumoto, 2017; NSOM, 2021). Approximately 72% of all vehicles
were aged more than 10 years, and most of them were second-hand (Bayasgalan and Matsumoto,
2017). In connection with automobile emissions, NO, concentrations detected at roadside sites
of NAMEM were in the range of 41-65 ug m= and exceeded national air quality guidelines for
97% of all measured days in 2014 (Bayasgalan and Matsumoto, 2017). The only study (Huang et
al., 2013) reported the seasonal variation in ambient NO, pollution, its spatial distribution, and
the contributions of different sources in Ulaanbaatar. As described above, through two weeks of
passive sampling at 38 locations in the warm, cold, and moderate seasons of 2011-2012, ionic
analyses of the samples, and multiple regression models, ambient NO; pollution was explained by
several land-use variables. As a result, the NO, concentrations at traffic road-side sites in the warm
and moderate seasons (24.16 pg m= and 38.51 pg m3, respectively, units were converted from
ppb in original) were significantly higher than those at urban sites (14.3 pg m= and 27.06 ug m=3).
Otherwise, during the cold season, significantly higher concentrations of NO, were observed,
with an average of 66.9 £19.9 pug m= for all sites without a clear distinction between land use
types (Huang et al., 2013). Primarily, NO released into the air from the automobiles, and is
converted to NO; in the atmosphere with the presence of oxidants (e.g., ozone). The conversion
rate is increased in warm and moderate season when level of ozone concentration is higher.
Thus, further evaluation for the variations of NO, NO; and ozone is needed to distinguish sources
contributions for NO, (NO and NO,) over the year.

c¢) Volatile organic compounds

Volatile organic compounds (VOCs) are one group of components of air pollution comprising
a complex mix of hundreds of carbon-containing gases. If VOCs occur in high concentrations in
ambient air, exceeding permissible levels, then exposure can cause health risks (Han et al., 2017;
Barabad et al., 2018; Kumar et al., 2018). On the other hand, VOCs are the main precursors that
form secondary air pollutants such as ozone through photochemical reactions in the atmosphere
especially on hot and sunny days (Han et al., 2017; Kumar et al., 2018). The assessment of VOCs
is not included in air quality network monitoring in Mongolia. Regarding the lack of analytical
capacity, there have been almost no attempts made to identify, quantify, and characterize VOCs
in urban or rural areas in Mongolia. Much earlier, Morimo et al. (2008) detected several VOCs in
urban air and reported the results in conference proceedings, but no information about sampling
sites or the duration of the study was provided. Significantly elevated concentrations of VOCs
were detected in Ulaanbaatar air. The concentrations of 1,3-butadiene, chloroform, and benzene
in the ambient air of Ulaanbaatar were much higher than those in the Japan Environmental
Standards (Morimo et al., 2008). More recently, the spatial distribution of VOCs at six sampling
sites was determined within the framework of a collaborative project between German and
Mongolia (Lorentz et al., 2019). Three main VOCs, BTX (benzene, toluene, xylene), were detected
by passive sampling in four weeks. Similar to those in other Asian cities, the VOC levels measured
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in urban areas in Mongolia appear to be affected by automobile exhaust. The VOC concentrations
near high traffic density were higher than those measured at other locations. Urban VOC emissions
often represent a complex mix of traffic, industry, solvents, waste burning, and other sources
(Barabad et al., 2018).

d) Ozone (03)

Tropospheric ozone is a main secondary pollutant formed by photochemical reactions between
oxides of nitrogen (NO,) and volatile organic compounds (VOC). The precursors, NOx and VOC,
are primarily emitted by a various source in urban area including cars, power plants, industrial
boilers, refineries, chemical plants, and other sources and chemically react in the presence of
sunlight to produce ozone. Typically, ozone concentration is increased to unhealthy levels on hot
sunny days in urban environments. Very scarce literature is available on ozone pollution in
Ulaanbaatar. Dugerjav et al. (2013) analyzed ambient O3 concentration for four measuring sites
of Ulaanbaatar and indicated that the daily averaged Os; were higher in summer season and were
exceeded the national air quality permissible level (8-hour mean) at UBO1 site and UB0O8 on some
days (Dugerjav et al., 2013). Dorligjav et al. (2014) studied temporal variation of ground level
ozone over Ulaanbaatar by using surface observation, radiosonde, and air mass back trajectory
analyses during 2014. The authors noted that there is a linear relationship between the ozone
and sunshine duration. The ozone concentration also showed a logarithmic relationship with
water vapor and a hyperbolic relationship with CO and NOy (Dorligjav et al., 2014). Based on the
measurements at three AQ monitoring sites for 2020 (Fig. 4), O3 level in Ulaanbaatar is not serious
and is well below the permissible level (100 ug m=3, 8-hour mean) for whole year in comparison
to many other cities in the world, where the O3 pollution is a serious problem. Higher level of O
concentration is possibly related to the high traffic emission density on weekdays.

4 FUTURE RESEARCH NEEDS

In reviewing the current state of knowledge for urban air quality studies and overviewing the
urban air quality in Mongolia, we found a growing interest in reporting fundamental studies of
concentrations and physical and chemical characteristics of air pollutants in Ulaanbaatar. The
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Fig. 4. Diurnal, weekly, and annual variations of ozone in Ulaanbaatar for 2020.
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frame of related scientific studies is still inadequate. Therefore, our review paper suggests several
directions for future research.

To the authors’ knowledge, there is no extensive scientific study reporting up-to-date emission
inventory and its application in numerical modeling for scenario analysis. In addition, a better
understanding of the air pollution sources and their chemical composition, stable and radiogenic
isotopes and other tracer to identify source contributions and relevant studies coupled with
modeling investigations are helpful for decision-makers to address the scope for policy interventions
and take measures on controlling the pollutant emissions. Improvement in investigations on the
source contributions of SO, and sulfur compounds in the atmospheric particulate matter should
be feasible.

Further studies on air quality issues in other industrial cities/provinces such as Darkhan and
Erdenet are recommended to systematically extend the current knowledge. The establishment
of air quality monitoring sites and improvement in air quality investigations need continued
emphasis to provide guidance in optimizing control measures.

Studies on size distribution using cascade impactors have not been reported, and size distribution
in real-time size and composition distribution measurements are also not conducted up to date.
Measurements and studies on VOC and organic trace gases are still limited in Mongolia. Further
improvement on the investigation of the emission and formation of organic compounds are
needed. Since there is a lack of control and management system on the usage and emission of
hazardous volatile compounds in Mongolia (Barabad et al., 2018; Bayasgalan et al., 2018), further
investigations through long-term and multiple-point observations are strongly needed to evaluate
major sources, risks to inhabitants, and possible contributions to the regional atmosphere. Future
research should aim to investigate the PAHs for fine atmospheric PM in details to provide a
guidance to people to avoid exposure to toxic carcinogenic compounds.

Since the introduction of briquette fuel in Ulaanbaatar, current scientific knowledge on emission
inventory and source apportionment is still limited; thus, further studies should address these
uncertainties. Beyond knowledge in sources, a better understanding of the vertical structure of
air pollution and the relationship with weather condition in Ulaanbaatar is important to explain
air pollution more in-depth. In line with the necessity of society to prevent air pollution, further
research area should be expanded into the comprehensive numerical modeling and dynamical
forecast of air quality in cities of Mongolia. The efforts on air quality modeling techniques of
computational fluid dynamics, urban air pollution and climate integrated modeling will greatly
improve understanding of air pollution behavior and its environmental impacts and enable to run
future scenarios. Apart from modeling activities, measurements of different parameters in different
areas, especially in obviously high polluted areas, should be extended and intensified.

Study on contributions of human activities on pollutant characteristics and behavior, such as
traffic related air pollution, is suggested to be conducted. Furthermore, since the surrounding
environment of the monitoring sites affect the measurement, further identification of the
influencing factors on measurement sites is necessary. Since the dust storm event, the biggest
source of coarse particles in non-heating season, is frequent in Mongolia, the detailed investigations
to differentiate the natural and anthropogenic sources of particulate matter should be conducted.

Finally, little is known regarding the impacts of air pollution on ecosystem and urban greening.
A worthwhile future endeavor would include environmental impacts of air pollution and a next
step is to identify environmental risks associated with long-term air pollution in Ulaanbaatar and
other urban areas in Mongolia.

5 CONCLUSIONS

In this paper, we present a systematic review of the studies that have investigated air pollution
in Mongolia, mainly focusing on air pollution studies in Ulaanbaatar since there is a lack of
comprehensive studies on air pollution in other cities. As extremely high pollution appears and
becomes a major concern in Mongolia, a significant body of research has addressed the problem.

Based on this systematic review of existing research works, particulate pollution is the most
severe, and it is a primary pollutant in cities of Mongolia. Studies have been adequately reported
the sources and composition of particulate matter in Ulaanbaatar. Most studies focused on mass
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concentration and the chemistry (ions, metals, EC/OC) of the TSP, PM1o and PM,s components,
however, frequent updates are essential. It is already known that an increase in NO, is closely
associated with an increase in the number of vehicles. Sulfur dioxide (SO;) emission is mainly
associated with coal combustion and partly with transport activities. Compared to a growing
number of air quality studies in Ulaanbaatar, the air quality studies in other provinces are still
limited. The findings on the urban air quality studies in Mongolia informs several directions for
future research.
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Formation mechanism and source
apportionment of nitrate in PMz s 1n
Ulaanbaatar and Beijing: comparing results
between Bayesian Isotopic Mixing Model and

Positive Matrix Factorization Model
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ABSTRCT: Nitrate as a primary component of secondary inorganic aerosol is
relevant to many atmospheric chemistry reactions. PM2.s samples were collected in

two capital cities Ulaanbaatar in four seasons and Beijing only in winter due to
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cleaner days in other seasons for learning the sources and formation mechanism of
nitrate aerosols profoundly. We measured the §'°N-NO3~ and §'30-NOs" isotopic
characteristics of nitrate so that we can trace the sources and quantify the relative
contributions of each formation pathway to nitrate in two cities using Bayesian
Isotopic Mixing Model (MixSIAR). The peak mean concentration of NO3™ showed in
winter with 3.79 £ 1.4 ug m™ in Ulaanbaatar, which was lower than Beijing with
7.11£7.4 ug m>. 8'>N-NO3™ and §'®0-NOs™ both showed significant seasonal variation
trend with higher values in cold seasons and lower values in warm seasons, the former
may be associated with the sources of nitrate, the latter with formation pathways. The
whole 8'"N-NOs™ varied within a narrower range in Ulaanbaatar from -9.67%o to
+21.92%0 compared with Beijing from +1.56%o to +35.49%o. According to the §'%0-
NOs3", *OH+NO? was main mechanism in Ulaanbaatar with 88.82%, 76.96%, 66.64%,
61.23% in summer, spring, autumn and winter, while the contribution of N2Os + H20
and *OH+NO:2 was nearly equal with 48.22% and 46.78%, respectively in Beijing,
which implies that N2Os + H20 is more dominate when high NOs™ concentration
occurred. The result from MixSIAR analyzed four sources’ contributions. Vehicles
was a crucial source in both cities, and we furtherly quantified the contributions of it
as fuel types like gasoline and diesel in Ulaanbaatar, additional LPG in Beijing. Coal
combustion would rather be important than Beijing in Ulaanbaatar in winter. The
results from PMF mainly classified the nitrate into secondary formation and could not

trace the direct sources, but it is not constrained by sources. While the sources



information is limited and MixSIAR model may arise weak evidences while the
number of sources is more than the number of tracers plus one. It therefor is vital to

combine these two models to learn the sources of nitrate.

KEYWORDS: nitrate aerosols, formation mechanism, source apportionment,

Beijing, Ulaanbaatar, MixSIAR, PMF

SYNOPSIS: The estimate of formation mechanism of nitrate aerosols and
comparison of source apportionment results from Bayesian Isotopic Mixing Model

and PMF in Ulaanbaatar and Beijing

Abstract Art

INTRODUCTION

Nitrate acting as the dominant sink for NOx (NO+NQO3) is more and more important
with the remarkably elevating in the concentration and deposition fluxes of nitrogen
oxide and its ramifications around the world '>. Particulate nitrate is associated with a
lot of atmospheric environment problems. The photolysis of NO3™ can influence the
atmospheric oxidation capacity, like in polar atmosphere, the marine and continental

6-9

boundary layer Inorganic nitrate in aqueous phase is conductive to the

photooxidation of organic compounds and then accelerate the production of brown
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Modeling of wintertime regional formation of secondary organic aerosols around
Beijing: sensitivity analysis and anthropogenic contributions
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Modeling of secondary organic aerosol (SOA) has remained a big challenge due to the
various precursors and complex processes involved. In this study, the WRF-CAMx
model was used to predict the ambient SOA concentrations in urban Beijing as well as
the North China Plain (NCP) during a polluted period in winter. Both the volatility basis
set (VBS) approach and the two product approach (SOAP) were used for SOA
simulation. Although the modeled SOA was underpredicted compared with the SOA
estimated by the OC/EC method, the VBS scheme produced higher SOA than the
traditional two-product scheme. According to the sensitivity tests with the VBS scheme,
the emissions of volatile organic compounds (VOC) and intermediate volatility organic
compounds (IVOC) as well as the oxidant levels were the key factors that affected
SOA prediction. In comparison, the predicted SOA was less affected by primary
organic aerosol (POA) emission and chemical aging during the winter time. The
potential contributions from different anthropogenic sources and source areas were
also identified using the brute-force method. Over 80% of SOA in urban Beijing
resulted from regional transport of SOA or its precursors from the surrounding areas
during the polluted period. Residential emission in the North China Plain appeared as
the dominant source of SOA in urban Beijing from the perspective of regional
contribution.
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Seasonal Variations of Aerosol
Composition and Sources of PM:zs in the
Ulaanbaatar, MONGOLIA
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In this smudv. we wused Inductively coupled
plasma mass spectrometry (ICP-0ES) to evaluae
the PM:s bound elemental composition.

The awverage concentration of PMzs was
highest in winter (92,56 ugm™ and in summer
(13.64 mgm™, with a greater abundance of
sulfate in winter (155.63 wem ™) and (G.84 pem™)
in summer. In the PM:s samples, high
concentrations  of ambient elements were
observed for Ca, Al K. Zn, and Fb. The
concentrations of toxic heavy metals such as
Pb was 1.4 higher than the Mongolian
Marlonal Standard (MNS 45852016, which is 1
pg/m?). In concluslon. the seasonal variation of
the elements concentrations mostly depended
on consumption. such as coal and wood
consumption (W/S > 1) Crustal matter elements
depended on dusting and vacuuming activitles
(W/s < 1),

For detecting potential emission mitigation
measures and for Impact assessment of
implemented alr pollution reduction measures
further components should be measured that
are typical for specific emission
Especlally the polluton load in
Ger-districts, which are not vet equipped with
automatlc monitoring  stations,  should be
further Investigated.
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