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TANAPXAN

OHaxyy cypanraaHg AHY-biH bBepkenen xoTblH AraapblH X3MXKXWUATUAH ©ar MaproxnuiH
O9MXKIIar, 3eBferee erdy axunnacaH 0a cypanraadHbl sBuag Mapua XepHanHgas, Axan
Munnapucattn, Hukonac Jlanm Hap xamTpaH axunnacaHg Tanapxan unapxunnoe. Men Capart
yTTMKyHOa eepuiiH 60noBCpyyrcaH 3arsapbir 6GUA3HTIM XyBaanucaHna Tanapxanaa.

MsaHranel CopuntbiH CaHruiH 3puum xyd, banranbe OpYHbl TOCAWWH YHINMA3 XUWX aXnblH
xypasHg Cowwman VMIMnakt KOMNaHWAH T'YMUSTracaH ann epxXuinH M3O33NNunr awmrnax 6onomx
onrocoHa Tanapxax 6arHa.

OHaxyy Tannang 2014 oHbl 2 gyraap capbiH 7-Hbl egep OMWYWNC-g 30xmMoracoH yynsantaHg
OpornuorcablH caHan, 3eBAeMXUNIT TycracaH GorHO.

Monron YncelH YHaacHun CrtatuctukmiHd [asap, HumncnanunH CtatuctukmnH asap, 3pyyn
MaHannH AamHbl xapbaa Apyyn ManguiiH XenknunH Tes 6uaaHa xXyH am3ynH 60NoH apyyn
M3HOUNH M3433M3 6r4 O3MXKMH aXunnacaHa tanapxan Unapxunnoe.

Monron YnceiH Bavrans OpunH, HorooH XenknuiiH AamHbl 3axnanraap 3acruinH ra3pbiH Tycram
caH 6onox Ljagap Araap CaHMMMH CaHXyyXUNTTINraap aHAXYY cydanraar XUmK rynyatranas.
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YnaaH6aatap XOTblH XYH amblH AyHO HapPUMH LUMPX3rnarT ToocoHuopooc (PM2.5) yyacaH
©BYMeN HWUN33L XYBUWr 333n4ar 6ereeq TYYHUIA OPTONTUNH XUMUNH OYHAQX XOMXK33 Hb 70
Mkr/mM® Gaiiraaraac lwanTraanaH XyyxauiiH yywruHel xatranraa (uar 6yc Hac 6apant xung
onponuooroop 130 Toxuongomn), HacaHg XypardaumH 3ypx cydacHbl eBuynen (uar 6yc Hac
GapanTt xwung onponuooroop 1440 TOXMONZOM) 33par aMraryyqd Tapryy/pk OarHa. YTaaHbl
anrapansir Oyypyynax Tanaap aBy X3panKyyImk Oyn O4OOMMAH apra XaMKadHyya Hb JapaarumnH
10 xung araapblH ©OXMPANOOC YYAINTIN 3pYyynl M3HOUWAH Ceper Heneennunr xaHranTttan
TYBWUWHA XypTan Gyypyymk 4Yagaxryn 60n0x Hb JOOPX 3yparT y3yyJiCaHI3p xapargax banHa
(8ypar, Tenes 2013).
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3ypar. YHanras xunrgcaH gapaarviiH 10 XuUnumH araapbiH 60xXMpanooc yyaanTan apyyn MAHOUNH
Heneenen, xyBunbap Tyc 6ypasp. OAAXK/ xun. 3eBxeH Xysunbap 2-1 OAAX Gyypuy GanHa.

YnaaHb6aatap xoTog araapbliH 6oxvpansir Gyypyynax u4urnanasp XUMWUrgax OnoH candapbir
XxamapcaH yWn axwunnaraa TeneBnergceH Xx3OuMM 4 OHeervH Hexuen, uaawibliH Tenes
Oarignaac OYrHAx34 XYH amblH HapUWH LWIMPX3rnarT ToocoHuopt (PM2.5) eptex 6ampgan Hb
HAMAragax xangnaratan 6avHa. Ann epxyyasg awmvrnargax oym Hyypcaap rannagar ynamknant
3yyXHbl Xaparnaar Oyypyymx, Oycag canbapyydad OpuYMH YEWUWH LWIMH3 A3BLUMATAT apryyabir
aMXunTTan HIBTPYY/ICHI3P ©HeernmmH ragaaj OpYHbl araapblH GOXMPANbIH XYH aMblH
eptentuir 70 xyptan xyBuap Oyypyynax Gonowmxtom tom (XyBunbap 1). MnHXyy HapwiH
LUMPXIrA3rT TOOCOHLOPbIH OPTONTUNH XUNUAH OYHOAX XOMXI3r 45 MKr/M® XypTan OyypyyncaH v
3H9 y3yynanT Hb danxunH Qpyyn MaHannH banryynnarsiH (A3MB) araapbiH YaHapbiH 36BEMX
(10 mkr/m®) 60n0oH AHY-bIH YHASCHUI CTAHAAPT XaMX33H33C (12 MKr/M®) Ux xaB3ap Gaiix oM.



YnaaH6aatap XOTblH araapbiH 6OXMPANbIT ONOH YACBIH XULWWIT XYypTan 6yypyynaxbiH Tyng ann
OPXYYAUNH XaTyy TYLWHUA (HYYPC, MOA) Xaparnaar OypaH xamxk, ragaag opudHbl 6oxupgyynard
3X YYCBIpyy4s4 xaTyy XsiHanT TaBux Laapgnaratav oM (XyeBunbap 2). UHracHasp xatyy
TYJWH33C YY43NTan araapbliH 6oxupgon 6yypy, 4am TamxuaanTtaac YYA3NTan epTenTuinH 3313ax
XyBb HOMIrA3HA. QHI yea TaMxXMHbl 3CPar YN axunnaraar ynam 3punuMxyynax waapanaratan.
Opooroop 3yyxHaac rapy Oyn 6Goxupgyynarygbir XaHranTTan Xamkaarasp Oyypyynax
OonoOMXIyn Tyn ann epxyyaumH xanaanTbir XUWH Tynw, uaxunraad 60noH TeBnepceH gynaaH
XaHramxmg OypaH LWWIDKYYNA3X Tenesnereer OAOOHOOC OOMOBCPYYIDK,  X3P3aNKyynax
Wwaapanaratan 6avHa. QHaxyy cyganraaraap 6ua onoH canbapbir xamapcaH H3r4c3aH 30XMOH
Oanryynantrai LOrL apra XSMXK33r amXuiTTah Xdparkyyspk yagsan gapaarmiH 10 >xkung
araapblH 60XMPANOOC YYOA3NTAW 3pYy/l M3HAUNH COeper HemneenMnr eHeernnH TyBLUMHIeec 25
XYPTan xyBuap Oyypyynax 60MomMKToN 60MoXbIr Xxapyynnaa. XapuH nnyy apuymmTan, Lory apra
XAMXKI3I aBy aMXUNTTan Xapankyyrmk yagsan 2025 oH raxag 3eBX6H XYH aMblH 3pyyn M3HAUAT
Xxamraanaag 30rcoxryn, >XWnuuH AyHOaX 3pyyn MIHOUWH ceper Herneennunr ogoormmHxooc
aapyn 60 opunm xyBuap Oyypyyk Yagaxaap OaviHa. XapuH O33pX XyrauaaH gaxb XYH aMblH
ecenTunr Toouooneosn 1 XyHA Horgox Heneenen 70 opumMm xyBuap Oyypax om.

OHaxyy cypanraaraap cyynunH xoép xyBunbapt (XyBunbap 1, 2) araapbliH Goxupanbir
Oyypyynax 3apanbiH AyHr Toouooryn 6a yyHuir 604noreiH cTpatern TenesnereeHn HUNLYYIaH
aBY Y39X Hb 3yNTan oM. bugHuin awmrnacaH Gyx XamXunT, TOOLLOOMNOS Hb OfOH yncag XynaaH
3eBLUeeperaceH, Typwuntaap 6atnaracaH apryyn 6eree TEXHUKUIH XyBbA 6ONOMXUT, xsanbap
apradnan oM. inma cyganraadbl GarMmH 3yraac eHeernnH apyyn M3HOUNH YHOC3H Heneenen
OonoH cyganraaraap rapcaH YHanrasHui garyy Ynaan6aatap xoTelH xonborgox 6anryynnarsiH
yovpgnaryya XysBunbGap 2-T TycrargcaH apra X3MXK33r LOrLoop Hb X3P3NKYYIIAXMIT 36BMex
6anHa.



TAHUNUYYINTA

YnaaH6aartap XOT Hb A3NXUNH XaMIMUMNH UX araapbiH GOXMPAONTON XOTyyAbIH HAr y4paac mprag,
opwuH cyyrung, 6ognoro 6onoBcpyynarygblH XyBb araapblH 60XxupAon Hb yrnam Mx caHaa
30BOOCOH, aHxaapan xaHayynax waapgnaratan acyyaan xapaap 6avcaap 6ariHa.

LlaxunraaH ctaHu, TI3BPUWH X3PIrcan, yypbiH 3yyx, Oycaa ynnaBaprianasac yyAC3H araapbiH
OOXMpAnbIH 33p3rL33d rap XOpPOOSbIH ann epxXyyauriH xaTyy TYMWHUIA X3P3rnadH33C YYACIH
0oxmpaon wux3dp  HAaMargax OarHa. MWIXaHX axwurnard, cyanaadug  yTaaHbl  X3MXKI3r
Waapanaratan TyBWWHA XYpTan Oyypyynax X3partaw ragruir Magax Ganraa xagum 4 ygaad
XyrauaaHbl Typw 6yypyynax acBan xypaaH xyrauaaHg 6yypyynax xyeunbapyyabiH anb Hb Unyy
YP OYHT31 B3 rSArMNAr ogooroop TOAOPXONIMK Yagaaryn 6arHa. Yump Hb YYHUIT TOLOPXONIoxos
30MWH 3acrUnH XyBbA 3apdan gamap 6anx, cTtpaTerMnH 3eB OOAMOr0, YUINANUAT XIPXIH
X9P3NKYYNax 33par TOMOOXOH ©6pYnenTyyaunr Loruoop Hb TOOLIOX LWWaapanaratan oM.

AraapblH 60XMpANO0C YYA3H Y33r43X OpYMH XA3raapnargMan, XepeHrmiH yHanamx oyypax, uar
YYp eepunergex 33praac ragHa XyH amblH 3pyyn M3HA34 Heneenex bangan Hb XaMrmnH Yyxan
acyygan oM. YnaaHb6aatap XxOTblH araapblH ©oxupgnbeir Oyypyynax eep 60noMXuTt
cTpaTteryyablH yp Heneer xapyyrnax 30punroop cyganraaHbl 6ar gapaax acyynraj xapuynaxbir
30pUNoO0.

“2025 oH raxag ytaar 6Garacraxtam xon6orgyyrnaH rap XOpoOoOsSibiH ann epXyyaAunuH
X3p3rnax 3yyx, TYNWUNAT canxkpyyik bycaa canbapbiH yin axunnaraatam yanayyrncHaap
3pyyn M3HA34 AMap Yp Henee y3yynax Ba?”
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XYBUNIBAPYY[

Bug aHaxyy cypanraar xmnxgaa 2025 oH xypTan gapaax rypeBaH xyBunbap Ttyc 6ypasp AyH
LUNHXUATI3 XNNNaa. YyHA:

* Tener 2013: OHeeruH TeneBnenTeep xypax yp AyH (Business as usual — 2013 oHbI 6
gyraap capblH 6ananaap) — MoHron yncbiH Xxamx33Ha 2013 oHbl 6 gyraap capbiH
farignaap YnaaHbaatap xXoTbiH yTaar 6yypyynaxaap aB4 X3panKyyraxaap TeneBneceH Gyx
apra XaMmxa3 amMXunTTal X3pPanKMXa3ap TOOLCOH. YYHA: rap XOPOOSfblH ann epxyyaunH
Hyypcaap rannagar 3yyxoir MsHranbl CopuntblH CaHrunH (MCC) camxpyyncaH 3yyxaap
OYpP3H CONUX rax mMaT.

e XyBunb6ap 1: Unyy A3BWUNTIT TEXHONIOMM HIBTPYYJICHI3P XYpax yp AyH — [ap
XOPOOSMbIH ANl epXYYAUAT WYY CaMmKpyyncaH TEXHOMOrMWH A3BLIMATAT 3yyxaap OypaH
XaHrax rax maT 6yx uurnan, canbapt Tenes 2013-aac unyy xypgauTan apra XxaMmxa33 aBax.

* XyBunbGap 2: dpc wWMNA3IMIUnA camxpyynantaap Xypax yp AyH — bonomxuTt Gangang
CyypwrcaH 3pyyn M3HAWWH yp awrmir 6un 6onrox 6a amn epxuinH xaTtyy TynwHUR (Hyypc,
MOA) X9parnaar OypaH xanax 33par O6yx uurnan, canbapt Xyeunbap 1-33c unyy apc
LWNNAIMINIA ©epynienT XUNX.

XyBunbap Tyc 6ypuiiH XamMKunTt 60M0H TOOL0OHbI 6ary, Magaannunr Xascpant A-g y3yynas.

CYOANTAAHbI APTA APTAUYNIANDbIH TAUNBAP

CypanraaH XxaparnargcaH MIA33MnuvMiH 39X YYCB3p, TOOLI0O, apraynanyyabir XxaBcpanTtaap
y3yyncaH bereen YnaaHbaatap xOT Tegunryin 6ycag rasapTt xaparnargax banraaryn xag Xo4sH
TOPJIUINH LUMHS M3AJINTMIAT allnrnaH yYHanraar 60n10BCcpyyncaH.

2012 oHg Num HapblH, 2013 oHa BypHeT HapbiH, 2014 oHg CMUT HapbliH cyganraaHbl GarmMmnH
bonoBcpyynaH xaBnyyncaH “‘OanxvnH ©BunenuiH AdvaannblH  XapbuyyrncaH JpcaanuinH
YHanraa — OOA/XJY” (Comparative Risk Assessment of the Global Burden of Disease —
CRA/GBD) cyganraaHbl apradnansir bug cyganraaHgaa awivrnacaH.

AraapblH 60XMpAN00OC YYA3NTIN IpYYN MIHAUNH HENESNNUNT TOOOPXONNOXA00 epTenT — xapuy
YANAAUAH MypPYWr awmrnacaH. OH3 Hb 6GOXMpAnbIH 6pTeNnTUIAH TYH eepynergexes TyH Tyc OypT
3pyyn  M3HOAUMH  Heneemnenl  X3px3H eepunergex Oanraar snraatan 6angnaap
TOAOPXONNAOroopoo AaByy oM. YnaaHbaatap XxoTo4 XMArAC3H 9HAXYY YHINMA3 Hb A9NXMIL aHX
yoaa xuirgax oynm Gereeg 604M0rbiH yp AYHI YHAM3X34 awwurnargcaHaapaa gaByy TanTtan
(onoH xyBunbapT) WKHI cyhanraa 6omnoo.

OOA/XJY cypanraaraap ONOH OpHbI 3PO3MTAH CyAnaavup araapbiH ©60Xupanooc yyasanTan
3pyyN M3HOMWAH HEMNeensnMnr YHanaxX Ttanaap epreH XypasaTanrasp axunnacaH 6angar. VnHxyy
araapblH ©6oxmMpaon GOMNOH TYYH33C YYASNTIM YHOCSH TaBaH TOPNUNH ©BYNeNIMAH XOOPOHAbIH
TOOH XamaapnbIlr TOFTOOCOH.

5 XypTan HacHbl Xyyxaa  YywWwruHbel xaTranraa 6yly ambcranbliH 40O 3aMblH LLOMMOT XanaBap
(AO3LX) — 2 Oyeaapm 3pamb31320CaH

HacaHg xyparung 3ypxaHg uyc xomcpox amrar (3LUX3) — 1 dyaaspm apamb3na2dcaH

Tapxu, cygacHbl amMrar (Lumnrgaac) — 3 dyeaapm apamb3na2dcaH
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YyuwruHbl apxar 6ernepentet eBuYnH (YABO) — 17 dyeaapm 3pamb3nacdcaH
YywruHbl xaBgap — 18 dyzaapm 3pamb631320CaH

OAraap TaBaH eBuneneec rypas Hb MOHron yncbiH XyBbA MX33X3H Yyxan a4 xonboraontou oM.
HonxviH ©BnenuinH AdaananeiH (O©A) cypanraaraap MoHron yncblH eBYnenuiH adyaannbir
2010 oHbl Gamgnaap Hb xarcaaxag 3UX3, AO3UX, Tapxm, cygacHbl amrar 9XHWA rypeaH
GaripaHa apambanaracaH 6anHa. 3eBXeH 3HAXYY FypBaH 3Mrar Hb TyXalH XWNUMH angargcad
ambgpanbsiH xkununH (AAX) rypaBHbl Harunr Oypayymk 6amHa (Opyyn MaHgunH Xamxunrt,
YHONraaHum XypaanaH, 2010)1. AraapblH 00XMpOON Hb A33pPX ©BYNeNyYAWWH LIOPbIH raHy,
wanTtraaH 6uw 60n0BY cyganraaHbl Yp AYHIA3C Xapaxaj YHACSH wantraaHyyabiH Har 60nox Hb
xapargax 6anHa.

Xaamiirasp araapbiH GOXMPANOOC YYAINTIM Cypbed?, 6ara XUHTIN TOPenT 33par OfoH TOPMUIH
amraryya 6anpgar Gonoey OOA/XJY cymanraaHbl yp OyHrasp LWyyh XamaapanTal 3cax Hb
HoTnorgooryn ©GavHa. TuAMaac 3A4rs3p eBuYNenyyauiH Tanaap uaawwg unyy A3nrapyynaH
cypanx, araapblH 60OXMpPANOOC YYASNT3N SMraryyauir HapumBynaH TOMTOOX, ©BYMeNuiH
Tanaapx HoTtonroor ynam 6amkyynax waapgnaratan 6amHa. Unmasc 6ug cymanraangaa
36BX6H [133p AypAcaH TaBaH ©BYNenuinr COHroH aBcaH.

OHaxyy cyganraaHbl 6ac HAr WMHANAM Tan Hb YHAMr3ar 3eBXeH ragaaj OpYHbl 3CB3aN 40TOOA4
Oop4Hbl Boxupgong cyypunax 6yc ragHa 60noH JOTOP OpYHbl AnrapanT, T3ArI3PUNH XapunuaH
YANUN3NUIAr TOOUCOH aBaan oM. XXuwaanban ragaag opuyHbl araapblH 60XMpaon ambgpax
OPYMHA X3OMIA XOMXKI3ra3p HIBTP3IH OpX Bawraar yHanax rax MaT y3yynanTUAr TOOLICOH XYH
aMblH HUNT OPTeNTUNI YHIMC3H. Ipyyn M3IHOUNH Ceper Heneennunr ToOLOXA400 araapblH
0oxXmpanbIr TOOOPXON OanpLUMAry HUNT X3MXKI3raap Hb aBax bOyc 6Goxupgong eptex Oyw
XYMYYC ©ApuiH Typlw eHrepeex Oyn raspyygaap Hb TOOOPXOWMICHOOP XaaHa YyTaaHbl
anrapanTtbeir OyypyyncHaap unyy yp AyHa xyp4 6onoxeir 60ANTOOp XapyyJsik yagcaH oM. OHS Hb
xaaunrasp 6ua aHxHaacaa Teneeneeryn dancaH xagun 4 40OTOOL OpYHbl araapbliH OOXMPASbIH
3x yycBap Oonox gam TamxmganTtbir cyanaxag XypracaH oM. Wnyy ganrapsHryn Tanndapbir
XascpanT I'-g y3yynas.

YnaaH6aaTap x0Tog, LUMHI3P XMNCIH XIMXUNTYYA:

* Heneennuir nnyy yH3H 36eB raprax 30punroop xXyH am3yuH G0foH 3pyyn M3HAUNH LaalgbiH
TeneB OGanmanbir ©BYMENUNH Tepneep Hb HapuiBunaH rapracaH 6onHo. [anrapaHryn
M3J99Nnuir XascpanT E-a yayynas.

* MCC-unH camxpyyncaH 3yyxHbl TOCIWMWH H3r X3Car O0Mnox 3yyxHaac snrapax 6oxupanbir
TOrtoox 6onoH Oycag epxuWH XyyYuH 3yuncunr yHancaH Cowwvan WMMnakt KomnaHu
cypanraatbl yp ayHr awwurnanaa (Cowwvan Umnakt, 2013).

* MeH 3H3 cyganraang awwvrnax sopunroop MCC-uiiH camxpyyncaH 3yyxHbl X3parnas 605oH
ropT ambgapy 6y avn epxyyauvH [OToOon4 OpYHbl araapbliH OOXMPASbIH  aryynamXunr
X3MXC3H.

* DJHaxyy cypanraaHg awwrnax sopunroop 6onoscpyyncaH xyBunbap Tyc OypuiH ragaapg
OpYHbI araapblH BOXMPASILII TOOLCOH.

! XaBcpant [O-r y3H3 vy.

? AraapbiH 60xvpon GONOH Cypbed eBYHMII XamMaaprbiH Tanaapx cydanraa 6ycaj eBUMHTSW Xapbllyynaxaj XaHranttai 6uil
baviHa. Wiima 6ua xaguMinrasp cypbea eBYHMIA Tanaapx Too BapuMmTbir xaBcpantag AypAcaH 6omnoBY cypganraaHbl TOOLOOHA
opyynaaryi 6onHo.
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XOMXUTO3XYYHUN TANAAP

Watantaac yyccaH araap 6oxupayynardy HapunH LWMpX3arnart ToocoHuop (PM2.5) Hb xyHun
YYLWIIMHG TYH HOBTP3H OPX, 3pyyn MSHA3L Ceper Hemnee y3yynaar yHACIH boxupayynard om.
Araap 6oxupgyynary 6ycag 6oaucyyartan xapbuyyrnaxaj HapuiH LUMPX3rNarT TOOCOHLOPbIH
(PM2.5) apyyn M3HOMWAH Herneenen xapbUaHrym ux cyanargcaHtam xonbooTomroop TyyHUIA
3pyyn M3HOMIMH Tanaapx naenaraa anb6ar 6angar. HapunH Wwmnpxarnart ToocoHuopbiH (PM2.5)
epTenT-xapuy yuWnanunH MypyrnH xamaapang YHOSCM3H TOXMONAOX eBYNenyyaunur unpyynax
bonomxTon yunp 6mg HapwuiH LWIMPX3rnarT ToocoHuopblr (PM2.5) yHacaH ©oxupgyynaryaap
COHroH 6onoBcpyynanTtaa XMnnaa.

CypanraaHbl 6ar apyyn MSHATAM XonbOOTOM yp AYHr rypBaH XxyBunbap Tyc Oypasp eB4YHWIA
Tepen 6onoH HacHbl Oynraap Hb anrad uar 6yc Hac 6apanT 6a eBuneneep angcaH ambaparnbiH
xunyyamnr (©6AAX) (Disability adjusted life years — DALY) Tyc Tyc TooucoH. ©AAX Hb OnoH
yncag apyyn M3HOMIAH cyganraang Xaparnargaar HacHel 6ynar Tyc 6ypT xamaapax uar 6yc Hac
Gapant 6GONOH TyxawH ©BYNeNUWH XYHA4 XeHreH OGananeir gaBxap XapransaH Toougor
XOMXUIO3XYYH oM. AraapblH Goxmpanooc yygantam ©AAX 6GonoH 6Gycag apcaanT XyyuH
3YWICUIT TOOLIOXA00 Aapaax X0Ep XaMXUrOIXYYHUIT aBY y34ar.

AAX - anpgargcaH ambgpansiH xunyyg (YLL — years of life lost) ragar Hb 49NXMIAH XamMrminH
eHAep AyHOax HacTanm (~86) xapbuyyncaH uar 6yc Hac bapanT

TOAX — taxup ayTyyraap ambgaapcaH xunyya (YLD — years lived with disability) ragar Hb eB4YMH
3Mrar, OCoM FAMTAUMH yrMaac yycaxX 3pyyn M3HOMWAH HOXUJMIT TyXalH aMrar Tyc oypT
TOOLICOH ambapcaH Xunyyg

[93pXx X0€p XaMXKMIA3XYYHUI HUMNBAP Hb eBYNeneep angcaH ambapanbiH xunyya 60Ho.
BOAAX = AAXK + TOAXK

Wiimg ©AAXK Hb eBunen Tyc Gypaac (YywruMHbl xaTranraa, xaBgap rax MaT) YYA3MTan 3pyyn
M3HOUNH Heneenen 60MoH HacHbl Bynar Tyc BypT (Xyyxad, HacaHg Xypardymza rax mMaT) TOOLCOH
HarOMan XaMXKuraaxyyH oM. ©OAAX Hb 50MIAH 3aCMMMH TOOL00 XUNX34 XaMIMAH TOXUPOMXKTONA
Toouoragor. XKnwaanban apyyn MIHAWWH canbapT opyyficaH XepeHre opyynanTtbir TOOLOH,
apyyn 6anxbiH yp awrMir Har am.gonnapT WUImKYynaH Toougor. nyy ganrapaHrynr Xaecpant
A-n y3yynas.

CYOAINTAAHbBI YP AYH

CymanraaHbl XypasHA HargyraspT, ogoorviH Garraa araapbiH 6oxupaneiH TyBwuHL (Cyypb
TyBWUH — Baseline) HUNCNAN XOTbIH MPragUNH HapPUKAH LUMPXArNarT ToocoHUopblH (PM2.5)
OPTONTUMIAT YHIN3H yNMaap araapbiH 6oxupanbiH TyBWWHE Oyypyynax rypBaH xyBunbap Tyc
Oypa3p TOOLIOH 3pyyn MSHAMWH avaanibiH Y3yYNanTyyaunur yHannas.

OPTONTUNH X3MX33

OHaxyy cyganraaHg HWWAT epTenTuir Toouoxdoo ragaag OGonoH [oToo4 OpYHbl araapbliH
6oXMpanbIH aryynamx 433p YHASCNACAH 6ereeq XyH am3ymrasp Hb sinraH eaepT X343H Larunr
XaaHa eHrepyynaar 33par y3yynantyyaTa Hb xonboH cyaancaH. [JoTood Op4YHbl araapbiH
GoXMPAnbIH aryynamxXuiir TOoLoXx400 TaMxu TaTanT, 3yyxHaac Wwyypy sinrapax ytaa 605moH
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CYyUHbl Tepneec xamaapaH ragaaj OpYHbl araapaac rop Inyy H3BTpax araapblH 6oxuppon,
HapUMH LWKNPX3rNarT ToocoHuopbir (PM2.5) tyc TyC Toounoo®. Mapaan OpuHbl araapblH
SoxvpanbIr 3arBapynanbiH apraap TooucoH 6Gereen OanrapaHryn Tanmnbapeir XaescpanTt b-g
y3yynaB. [lotooa opuHbl araapblH 6oxupgnbiH aryynamxuiH Ttoouoor XascpanTt B-g, Hunt
epTONTUNH X3AMXKI3r Laraap Hb TOOLIOX rapracHblr XascpanT -4 Tyc TyC y3yynaB.
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3ypar 1. XyH amMA >XUHN3C3H HApWIAH LLMPXArarT TOOCOHLOPbIH (PM2.5) )unuiiH gyHgax xamxa3a. Cyypb
TyBLWUH 6onox 2014 oHooc 2024 oH XypTan ragaag opyYHbl araapbiH 60XMPANbIH HAPUAH LUMPXIrNArT
TOOCOHUOPLIH (PM2.5) epTenTuintH oyHAax XaMxkaar xyBunbap Tyc 6ypasp HUNCHAINUNH HUAT XYH amg
XWHM3C3H AYHT WyramaH Gaiignaap yayynnas®.

3ypar 1-T cypanraaHbl sBUAL X3MXKC3H XyBunbap Tyc Oyp 43X ragaag OpYHbl araapblH
0oXmMpAnbIH aryynamxug YHO3CN3H XYH aMblH OPTONTUNH X3AMXK33, 3pYYN MIHANNH HONOeNMNNnH
YP AYHI TOOLOH XapyyncaH. YyHa uaawug 6un 60nox 60nomxTon araapblH 6OXMpAnbIH 93X
yycBapyyaunr toouooryn ©onHo. [33px 3ypraac xapaxag Xysunbap 1-unr xaparkyynaxag
X3OMNIaap ragaan opyHbl araapblH 6oxupaneiH aryynamxk 6yypy 6avraa 6onosy Xysunbap 2-
TOM Xapbuyynaxaj araapblH 60XVMpANbIH aryynaMXunr OfoH YNCblH CTaHgapTagd HUMLAXYWL
X3MXKI3H, XYPrax 6onomxkryn Hb xapargax 6anHa.

XycHart 1-1 CyganraaHbl axnblH SUCUNH LIaTaHg XUArOC3H XYH aMblH araapblH 00XupanbiH
OPTONTUIAH XUMUAH AYHOAX XAMXKI3r xyBundap Tyc 6ypT opudHbl OOMOH Aam TamxuaanTbiH

® AxriblH 6aiipaH Aaxb 6PTENTUINH X3MXK33T 3H3 CyanraaH/ TOoLooryi GorHO.

* 2014 oMbl 3arBapT ONOH TOPMMIAH XYUMH 3YMMCUIT TOOLICOH 6a yyHA 3arBapblH GYC 59X YYCBIPYYI, PSHXUI TypLUMMTLIH 3arsap
39PTUIAr TOOLICOH. 2024 OHbI 3arBapT HUNT XYH aM[] XUHISCIH XUMNUAH JyHAaX epTenTuiir 10 MKr/M® XypTan HapUiH LIMPX3MMarT
ToocoHLopT (PM2.5) xapbLyynaH TooLox aBcaH 6a 6ycaa yninaBapnan, 3aMbiH OOMOH canxvHaac yycy Oy TOOCOHLOPYYABIT 3H3
3areapT opyynaaryit 6onHo. OHaxyy 10 MKr/M® gaxe epTenTuitH xamxaar 2024 oHA TOOLCOH XysunGap Tyc GypuitH epTenTes
LLUWITDKYYITISH YHIMN33.
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epTeNnTUMH XyBuap y3yynnaa. HUACNanuinH vpragunr ambpax CyyLHbl Tepneep Hb aHrunax
xyBunodap Tyc 6ypasp xapbLyyncaH A3Mrap3aHryn magaannuir Xascpant -4 y3yynas.

XycHarT 1. HUAT XyH aMblH HAapWIAH LWNMPX3MN3rT TOOCOHUOopbIH (PM2.5) epTent

KunninH [oToon op4HbI Magaan op4Hbl [laM TaMXMaaNTbIH
AyHOAX araapblH epTenT araapblH epTenT oDTONT (xﬂsma )
(MKF/MS) (xyBuap) (xyBuap) P yBnap
Cyypb TYBLUMH — 68.0 71.9 7.3 20.8
HuiT xyH am ' ' ' '
MopT OpLumH 78.6 75.8 6.2 18.0
cyyrumg
AMWHBI OanLnHA,
OPLLIMH CyYyrIng 78.0 75.2 6.7 18.1
Opo cyyuarn 57.0 66.7 8.5 24.8
OPLUMH Cyyrung, ' ' ' '
Tenes 2013 — 74.7 71.9 9.2 18.9
HunT XyH am
MopT OpLumH 85.8 75.7 7.8 16.5
cyyrumg
AMWHBI OanLnHA,
OPLLIMH CyYyrIng 83.0 74.5 8.5 17.0
Opo cyyuarn 69.8 69.9 9.8 20.3
OPLUMH Cyyrung, ' ' ' '
Xysunbap 1 — 46.9 62.7 6.8 30.5
HunT XyH am
apT opwimnH 70.3 75.5 4.4 201
cyyrumg
AMWHBI OanLnHA
OPLLIMH CyYyrIng 58.1 67.8 6.2 26.0
Opo cyyuarn 38.4 55.3 7.9 36.8
OPLUMH Cyyrung, ' ' ' '
Xysurbap 2 - 215 29.8 4.4 65.8
HunT XyH am
["apT opuivH 23.5 35.9 4.0 60.1
cyyrumg
AMWHBI banLnHA,
OPLLIMH CyYyrIng 21.0 28.1 4.5 67.4

OpLUVH cyyrymg
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Cyypb myswuH: HWACN3MWAH XYH amblH HaPWUMH LUMPX3rNarT ToocoHuopbiH (PM2.5)
OPTONTUIH XUNUIAH AYHOAK XIMX33 0A00rWitH Gaitanaap 68.0 mkr/m® (MCC-nitH caibxpyyncaH
3yyxaap 6ypaH conbcoH Toxuongong) 6amHa. Huat eptentumH omnponuooroop 71.9% Hb
aotoon opunHg, 7.3% Hb ragaag op4yHOOC yyaanTam GarHa. [9pTaa Tamxu TaTcaHbl yrnmaac
YYCCOH daM TamxuanTblH epTenT Hb [33pX Y3YYNaNTyyATOM 3H 33pParusax XaMxkaaHg Oyroy
20.8% 6Ganraa Oereen yyHO 36BX6H WMO3BXTAN TaMxu Tatardygaac ragHa gam Tamxupantag
epTercea Gyly Xyyxaa, HacaHg xypardug meH agun bartax GanHa. QHAI3C OyrHAX3g 40TooA4
OpYHbl 6OXMPAON Hb 3PYYN MIHASA XaMIMAH X ceper Henee y3yyrx 6arnHa. MeH rap, 6onoH
OanWwunHA OpLIMH CyyryablH 6pTONT Hb TOBMOPCEOH XanaanTtTanh OpPoH CyyuaH OpLUMH CyyryablH
epTeNTTaN xapbLuyynaxag eHgep 6anHa.

Tenee 2013: JapaarmniH 10 >xung pgotoon OOMOH ragaag opuHbl YycBapyyd 6G0noH Tamxwu
TaTtanTbliH Xapblaa x3B33p 6arx 6a epTenTuinH xaMmXxa3s3 ogoo bGarraa TyBwuMHreec 6ara 33par
eepunergex Xaaun 4 XyH aMblH ©CcenTTan xonbooTonroop ragaag opyHbl araapbiH 6OXMPANbIH
X3MXK33 MX3CHI. MinMa araapblH 60xMpaon 6G0MOH TYYHI3C YYOSNTIN 3pyySl M3HAUNH Heneenen
HOMIrgaHa.

Xyeunb6ap 1: OH3 xyBMnbapbiH TOOLOOHbI Aaryy rap 6onoH 6anwmHg OplwiuvH cyyrygag ytaa
Oara snrapyyngar wnyy A3BWWATIT 3yyx Tyrasdx, xanaantblH 3yyxbir 70%, uaxunraad
CTaHUyyAblH yTaaHbl snrapantbir WUHYKMImMK 50%, T93BpunH xaparcnunH yTtaar 80% Tyc TycC
OyypyysK, TOBMOPCOH XanaanTTal OpOH CyyuaHd ambapax UpragunH Toor 3% HAMargyymnx,
LWMH33P YYCAX 3PUUM XYHHUIA XIPIrNI3r CIPraargax IpUMM Xy4a3p XaHrax 33par apra Xamxaar
aBY X3P3ANKYYJICHI3P ragaaj opyHbl yTaaHbl snrapanTtbir 6aracrax araapbiH 60xmMpansiH epTent
47%-aap OyypHa. OHS yeqd O0TOO[n YYCBIPYYAIAC YYASMNTIN epTenT xapbLUaHryh eHgep Oanx
bonoBy potooa (ragHaac H3BTPAX 3amaap [AOTop OpPcoH) OOMoOH ragaag YyCcBapyy4aac
yyaantam eptent OyypcHaap araapblH 4YaHap 6oguTonroop camxupHa. WHracHasp Tamxu
Tatantrak xonbooTonm epTenTuH 33N3X XyBb MX3CH3. 2013 oHooc YnaaHbaatap xoTtof
X3PANKUXK 9XINCIH ONOH HUWATUIH ra3ap TaMxu TaTaxbir XOPUIMOCOH 30XMLYyYynanT Hb eHaep Yp
OYHTaNM Ganx M. HUAT XyH ambiH AyHA TaMXuganTbiH 3CPar apyyn M3HOMIAH 60N0BCPOnbIr
093Lnyynax waapanaratan.

Xyeunbap 2: JOH3 xyBunbapblH Aaryy araapblH Goxvpanbir Oyypyynax 4urnanasp wunyy
IPUMMTIN YN axunnaraa sByyrcHaap XyH amblH 3pyyn M3HOMWAH araapblH ©0XupAanbiH
Heneeneng eptex 6angan 71.2%-aap 6aracHa. XyBunbap 2-T rap XOpOOMnfbIH ann epxyyaunr
XWUAH TynwuHg OypsH LIMIDKYYNA3X 3CBaN TeBMNOPCOH XxanaanTtag xonbox, 6yx xanaanTbiH
3yyxblIl almrnanTtaac raprax, T93BpPUAH X3P3rCNuUnH yTaaHbl anrapantbeir 25%-aap 6yypyynax
33par 3pcC LWNNG3IMININ apra XaMXaaHYyaunr TycracaH 60mHo.

3PYYJ1 MOHOUWH Heneenen

AraapblH 60XvMpAnbIH 3pyyn M3HOUNH HEMeensMUr HOTOMrOOHA TyNryypnaH, X3TUWH TeneB
GONOH 3pYYyN M3HAWIAH ayaannbir TOOLOX apraunanbiH 3agapraar XascpanT [-93C y3H3 yy .
Bbug YnaaHGaatap XOTblH ©HeervrWH araapbiH GOXMPAMbIH 6pTeNnT 3pyyn MIHO3L XIPXSH
Heneermx OGanraar Torroox, ynvaap Tenes 2013-aap gapaarviH 10 xung TyxanH y3yynant

® Opyyn MsHOMIH Cyypb Y3yynanTyyauwiAr 6ua Opyyn MIHAWAH SaMHaac rapracaH MaA3arnuiAr ONoH yNckiH Opyyn MaHauiiH
Xamxunt, YHanrasHu XypaanaHraac (Institute for Health Measurement and Evaluation — IHME) rapragar oyH magasaTtaun
XapbLyyficaH. OH3Xyy OfOH YNCbIH M3A33MMUAH caH Hb [anxuviH ©BunenuiniH Advaannbir TOOLOX aprauynanbiH garyy ync
OPHYYABIH 3pYYN M3HAWUMAH Y3YYNANTYYANAT HIrTraH rapragar om. XascpanT E—4 AanrapaHryir ysyynas.
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X3pX3H eepunergex, MeH 60XMpAnblH 3CP3r 3PUYMMTIN HIMINT apra X3IMXKI3HYYA aBCHaap
(XyBunbap 1, 2) apyyn MaHA34 Heneernex 6anansir TyC TyC AYrHanaa.

Cyypb myewuH: YnaaHbaaTap XOTbIH araapblH 60XMpAon Hb ©BYHMI YHACSH WanTtraaH 605k
XYCHAIT 2-blH 3XHMIK GaraHaHg y3yyrncaHunaH uar 6yc Hac 6apant 6onoH ©AAXK-g Heneenx
bariHa. 3ypar 2-T eBunenunH oytumnr xapyyncaH 6ereen yyHg uar 6yc Hac Gapantag 3ypx
CyOacHbl ©BYMH (3YpX3HA LYC XOMCPOX 3Mrar, LWWrasac) gasamravmk bawmraa 6on ©AAXK-g
XYYXAWVH YyWwruHel xatranraa 6yoy AA3LX gasamrannk 6avHa.

©OBuUNenNUIH 3pPCAdNT XYYMH 3YWINCUMWAT TOOLIOX ©6p HAr apra Hb “XyH ami HOrgox 3pCOdnwinH
xacar — XAHX” (polultation attributable risk fraction — PAF) 6yioy TyxaH XyH ama 33nax
©BUNIONUNH XYBUWT TOOLOX KOM. XYCHArT 3-T AypAcaH YHAC3H TaBaH eBunenunH XAHX-unr
xyBunbap Tyc Oypasp gapaarunH 10 xung rapax eepunentunr y3yynnas. Cyypb TyBLMHA
XAHX-g 3ypxHui wurgaac 42%, yywruHel apxar 6ernepenteT eBuYMH 17% 6anHa. QHA33aC
OYrHaxag araapbliH 60XMpAnbIr amxunTTam Oyypyymk YagBan TyxalH eBUYnenyyaunH apcanumnr
TOONN X3MXK33raap Byypyynax 60NOMXKTON oM.

XycHarT 2. Lar 6yc Hac 6apanTt 6onoH ©AAXK, xysunbap Tyc 6ypaap

2014 — 2024 oHp ecceH 2014 OHbI HAr XUNUIH 2024 oHbI HAr XUNWUNH
AyHraap, 6oauT T00O XyrauaaHbl oyH, 6ogut XyrauaaHbl oyH, 6oaut
(1000 xyH ampa) T00 (1000 xyH ampa) T00 (1000 xyH ampa)

Llar 6yc Hac bapanTt
Tenes 2013 16,200 (10.1) 1,710 (0.92)
Xysunb6ap 1 14,400 (9.0) 1,250 (0.92) 1,340 (0.72)
XyBunbap 2 11,600 (7.4) 580 (0.31)

BAAXK

Tenes 2013 510,000 (310) 54,000 (29)
Xysunb6ap 1 440,000 (270) 38,000 (28) 40,000 (22)
Xysunbap 2 340,000 (220) 15,400 (8.3)

17



XycHarT 3. AraapbiH 60XMpAN0OOC YyA3NTAM YHOC3H TaBaH ©BUYNONUAH XYH aMi HOTgOX X3CTUnr
(XAHX) TooucoH ayH (%), xyBunbap Tyc 6ypaap.

Cyypb TYBLUMH Tenes 2013 Xysun6ap 1 Xysunbap 2

(2014) (2024) (2024) (2024)
YyLwruHsel xasgap 19.5 21.2 13.6 4.3
3UX3 18.8 19.7 15.3 6.8
Wurgsac 41.7 42.6 37.2 18.0
AO3LX (0-4 Hac) 32.0 34.7 211 4.6
YABO 16.6 17.8 12.0 4.2

Cyypb TyBLWKWH A3X Hac 6apant (2014) Cyypb TyBWUHH A3x BAAX (2014)

77

N ] YAB®
S NN AO3LX (0-4 Hac)
—++H LWwurasac
B 3UXO
(S50 YywwurHel xasgap

3ypar 2. YnaaHbaaTap XOTbIH araapblH 6oxupanooc yyaantan uar 6yc Hac 6apanTt (3yyH) 6onoH ©OAAXK-
unH (6bapyyH) eBunenuiiH GyTau.

Tenes 2013: Tenes 2013-T gapaarunH 10 xung apyyn MaHAuNH Heneenen Hb ©AAX-uiH
XOMXUINTUIAH faryy aaxmaap Hamarganas (3ypar 3). OHO xyrauaaHa araapbiH ©0xupAfibiH
epTenT 6ara XamMXxaarasp aaxxmMm HAMargax (XycHart 1) 60noBY 3HAIXYY Heneenen Hb AapaarvnH
10 xung 35%-aap ©Ccex XyH aMblH ©CONTTa XONOOOTOMroOp HAMIrA3X M (O3NTr3PaHIyNr
XascpanT E-c y3H9 yy). XYCHAIT 3-T y3YYIIC3HUNAH araapblH GOXUPANOOC YYAINTIN 6BUNENMUIAH
XAHX-niiH xyBb 2024 oHA Cyypb TYBLUMHT3W Xapblyynaxag ecceH AyHTan 6arHa.
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3ypar 3. YHanras xunracaH gapaarviiH 10 XunumH araapbiH 60xmpanooc yyasnTan apyyn M3HOUMH
Heneenen, xyBunodap Tyc 6ypasp: ©OAAXK kun. 3esxeH XyBunbap 2-g ©OAAX Gyypy baliHa.

Xyeunbap 1: 3ypar 3-T gapaarunH 10 Xuna TOOOPXOW 30XMOH GawnryynantTam apra XamKaar
aBY X3P3NKYYJICH33p araapbliH 60XUpAMbIH XaMXK33 Garacy XWNunH apyyn MIHOAUNH Heneenen
Tenes 2013-1a1 xapbuyynaxag aaxmaap 6yypy Gawraa Hb xapargax 6GamHa. 3ypar 4-T
Y3YYyncHaap Xysunbap 1-unr amxmniTan xapankyyncHasp uar 6yc Hac 6apant Huit 2000 rapyn
HaPk33p B6yypHa. 3ypar 5-T y3yyncHaap 5 XxypTan HacHbl XYYXOMWH YYLIMMHBI XaTranraaHaac
yyaantanm ©AAX Garacax Tegunryn HacaHA Xyparygag Y4 MeH aaun apyyn MIHAWAH 3epar
Henee y3yynaxaap 6anHa. Xysunbap 1 Hb ©BUNENUINH X3aMX33HU byypanTtaap Tenes 2013-Tai
xapbLyynaxag vunyy yp oyHtan 6anraa xagun 4 Cyypb TYBLUMHTAN Xapbuyyraxag XUMUAH XYH
aMJ >KMH3MACOH 3pYyyNn M3HOMWAH ceper Heneennunr 6ogutoop Oyypyyrmk 4dagaxryn GawnHa.
Oepeep xanb3p 3H3 Hb 36BXOH XYH aMblH ©CONTUNH TYBLUMHA OYWLUIXYNAL Xamx3aHA Ganraa
oM.

XYCHArT 3-T y3YYyNC3HUM3H araapbliH 6oxupgnooc yyaantan esunenuiiH XAHX-uinH xysb 2024
OHO Cyypb TYBWUWHT3AM Xxapbuyynaxag 6yypHa. WUinHxyy XAHX-g 3sypxHunm wwurgsac 37%,
YYLWruHbl apxar 6ernepentet eB4MH 12% 6ornHo.
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Llar 6yc Hac 6apanTtbir Tenes 2013-Tan xapbuyynaxag,

2014-2024
4,000 1 B YABO
3,500 - O AO3LX (0-4 Hac)
B urassc

3,000 -
%:i 8 3UX3
Q. —~
& 2,500 O YywruHel xaBgap
®
3 2,000 A
S )
(o
= 1,500 -

1,000 A

500 A
0

XyBun6ap 1 Xysunbap 2

3ypar 4. YHanras XunrgcaH xyrayaaHd gaxb Xysunbap 1, 2-bIH yeunH uar 6yc Hac 6apanTbiH TOOL00T
ecceH ayHraap Tenes 2013-Tal xapbuyyncaH ayH. XyBunbap 2 Hb XyBunbap 1-Taii xapbuyynaxag Hac
BapanTbir 2.6 gaxuH 6yypyynHa.

SAAX-nir Tenes 2013-Tan xapbLyynaxag,

2014-2024
160,000 1 " VAEO
140,000 - | O AO3LX (0-4 Hac)
B Wwurpsac
120,000 A
8 3UX3
; 100,000 1 O YywruHbl xaBgap
0}
80,000 -
60,000 -
40,000 -
20,000 A
0 :
XyBunbap 1 XyBunbap 2

3ypar 5. YHaNras xunracaH xyrauaaH gaxs Xysunbap 1, 2-biH yennH ©AAXK-MIH TOOLL00T 6CCOH OYHIa3p
Tenes 2013-tan xapbuyyncaH ayH. Xyyxauid AO3LX unyy 6yypcaH 6aiiHa.
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Xyeunbap 2: Ain epxXyyAUWWH X3ParfnasH3aaC XaTyy TYMWHMIA 3yyxblr OYpaH xanax rax mat
6oxvpaona unyy apUUMTINraap XAHaNT TaBbX TOAOPXOM 30XMOH Banryynantram apra XaMxaar
aMXunTTan aB4y X3panKyyncHasp XyeBunbap 1-Tanm xapbuyynaxag 9pyyn MIHAOWWH ceper
Heneenen Cyypb TyBwMHeec 60%-aap Oyypax om.

3ypar 5-T y3yyncHasp xyBunbap Tyc OYpWUAH X3P3DKMMT Hb XYYXOUWH YYLIIMHbI XaTtranraa
GONOH HacaHA XypParyaunH 3ypx cyaacHbl ©BYNenuiiH 6yypantag XaMrmnH Nxaap HemneesHe.

160 T T T T T T T T T T
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3ypar 6. YHanraaHui xyrauaaH gaxb XOTbIH XYH aMblH 6CONTUIAH XaHanara 60MoH Har XyHA, HOrgox
OAAX-unH Toouoo, xyBunbap Tyc 6ypaap. 2014 oHbir 100%-4 TOOLIOB.

OHIXYY YHINMA3HUN yp OYHr GOAMT TOOH yTraap MNapxXunnaxasac ragHa Har XyH4 HOr4ox xysuap
UIAPXUINAX Hb MYy OHOBYTOM toM (XycHarT 2). 3ypar 6-4 cyganraaHbl XyrauaaH gaxb XyH
aMblH ecenTtea TynryypnaH Har xyHg Horgox ©AAXK-unH uaawablH XaHanarbir xapyyrncaH
bereen yyHO YnaaHbOaaTap xoTblH xXyH am 2014 oHg 1,4 caa 6awncaH 6on 2024 oHa 1,9 casg
Xypd ecexeep TooucOH. WM Hexueng Har xyHg Horgox TeneB 2013 epeHxungee
eepunergexryn Har tyewmHA 6anxaap axurnargax 6aviraa 6on Xysunbap 1-uiH xyBba 3pyyn
M3HAWWH Ceper Herneernern XyH aMblH 6CenTTan mwxun xyesunap byypd 6anraa 6on Xysunbap 2-bir
X3PANKYYNCHAI3P HAr XYHA HOrAOX 3pyyn M3HAWWAH Ceper Hemeenesn M3A3rgaXyWL, X3MXKI3HA
Oyyp 4 6anraa Hb xapargax 6ariHa.
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AYTHINT

OHaxXyy cydanraa Hb HUNT XYH aMblH LUWMITDKUNT XO46MTeeH, epXUnH am OYNUnH TOO, CYYLHBbI
Tepen, 3pyyn MaHauH 6argan, HANCNANUnH ragaag 60noH A0TOoA OpYHbl 6oxupansiH 2014-
2024 oHbl TeNeBUNr xapyyncaH rax M3T ONOH TOPMANNH M3OISNSIUAH 3X YYCBIPUMNT HAITIOH, AYH
WNHXUNT3 XUACHUI YHOC3H A33p 6GonoBcpyynaracaH yHanras tom. [1aspx 6onoscpyyncaH
M3O33MMNYYAUAT HAITr3H OMNOH yrncaj awwurnargax 0ym eBYnenunH Tepen 3ymnasp Hb epTent-
xapuy YUNANUAH MypYyWr awmrinad apyyn M3HOWMWAH HeneennuiH YHINraar rapracaH. daraap
M3O33MNYYAUAT LyrnyyncaH 3x cypBamxkyyd Hb ©ep XOOPOHOO0O0 3epyyTan GamncaH 33praac
wantraanaH 6wg uyrnyyncaH M3A33M5133 JaxuH HArTamk, OOAWMT 36eBUWN Hb COHIOX aBax
Wwaapanaratan Tynrapy 6arncaH. Tunmaac 6ug 3uCWMAH Yp OYHIMAH X3CArT 60aMT Taamarnan
O9BLUYYIK Yagaary 6onosy XascpanT -4 xa3raapnaraman Tanyygaa gypacaH 60rHo.

Xa3ounraap uyrnyyncaH erergen, M3433MMyy4a Hb XapunuaH agunryn gyHtam GamcaH 6onosu
OMOHWA XXMM XWN33p TOOUOH rapracaH uar 6yc Hac Gapant 6GonoH OAAX-MiAH TOOH
Y3YYNANTYYA3L UX 36pYYTIN eepuUnenT opoxryn rax éug y3ax 6arnHa.

TYYHUN3H TOOH Y3YyYyNanTyyaOuWH 3epyy Hb XyBuNnGap Tyc OYypunH 3pyyn MIHOWWAH ceper
HeNeennNMnH y3yynanTyyaunH sinraar UNTraxXd4 YMIMacaH oM. YnaaHbGaaTap XOTblH araapbiH
6OXMPANbIH HAaPUH LUMPX3rNArT TOOCOHUOPbLIH (PM2.5) epTenTtuiH OyHAaX X3MX33 ONOH
YNCblH CTaHOapT TYBLUMHIE®C OMOH [daxuH X3TIpPCaH OamHa. XapB3aa sAMap HIrdH 3pc
WNAOSMIVIA LIOTLL apra XaMXKa3 aBy X3pankyynaxryn 6on gapaarunH 10 Xung 3HS XaMXK33 Hb
aaxmaap uMxcax 6a apyyn M3HOMWAH HUNT HeNeennuiH Har XyH4 HOrgox XyBb MOH agwn
HOM3araax 6onHo.

CypanraaHbl axnblH XypaaHA TenesneceH (Xysunbap 1) araapblH 60XVMpAnbIH aryynamxkunr
TOOOPXON X3MX33HA 3oxuuyynantrtam 6yypyynax 6ary apra XamKaar LOryoop Hb aBu
X3PANKYYNCHI3P Har xyHA Horgox ©AAX-uir 25%-aap Oyypyymx 6anraa 4 OnOH YnCblH
cTaHgapTaac MeH n eHaep 6arixaap 6anHa. CypanraaHbl XypaaHa TenesneceH (Xyesunbap 2)
UIyy 9pc LWMAASMIMA apra XaMXkd3 aBax XxyBunbap Hb ann epxyyauniH xaTyy TyMLWHWA
X3parnaar OypaH xanax 39par apra XdMX33r X3P3NKYYIICH33p cyAanraaHbl TOOLOOMMbIH
TYBLUMHA 3pYYST MOHAWNH ceper Heneennuir 60%, TYYHWUIA HAM XYHO HOrA0X XyBb Xamx33r 70%-
aap Tyc Tyc OyypyymK epTenTUiH TYBLUMHI OFIOH YICbIH >KULIMIT HUALYYN3X GONOMXTONM
xapyynnaa.

Cypanraar ryiuaTrax axnblH gaanrasapT O33pXx XyBunbap Tyc OypuiH araapblH 60xvpansir
Oyypyynax 3apAfibiH Toouoor opyynaaryh 6ereef YyHWAr Toouox Hb cTpatern ©604norbiH
XYP33HA aBy Xananuax acyygan tom. CyganraaHbl 6arMnH 3yrasc g3apx xyesunbap tyc OypT
TOOLIOX X3MXUNTYYO Hb TEXHUMKUMH XYyBb X3parkyynax 6onomxrow, OGycag ync opHyyadag
X3parnaragar apradnan roaruir OHUMOH X3M3X Hb 3yWTAW. ©HeernnH 6un 6onoon Oyn apyyn
M3HANNH Ceper Herneenern, 3HAXyYy cydanraaHbl yp OYHra3C xapaxaj 3pc WUAASMIUK yun
axunnaraa siByymnx Heneennuur 6yypyynax waapgnara tynrapy 6ynr xapyymxk 6anraa 6ereep
OmaHun 3yraac YnaaHbaatap xoTblH yanpanara, 6ognoro 6onoscpyynarygag aHaxyy acyyanbir
aHxaapangaa aBy Unyy apuMmTan, JOPBUTOW YN axunnaraa sisyynax waapganaratan 6anraar
aHxaapyymx 6anHa. WHraxgsa poanxuiH 6ycap ync OpHyyAblH Typwnaraac cypanuaH
X3PANKYYNaxX XaparTanm 6ereeq yyHUM HAr Tod Xuwad Hb 1950-aag OHbl ye4 MX XOMMKISHUN
6oxupgonTton 6aricaH JIoOHOOH XOT 6PXMIAH X3P3rNaaHa HYYPC awmrnaxbir 6ypaH Xopurniox 3apar
wat gapaancaH 604n0rbIr aMXunTtTan a4 XapankyyCHIdP eHeeaep O3NXMIH L3B3P XOTyyAblH
Har 6ok YagcaH asgan oM.
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XABCPANT A.
HAPUUBYUIICAH TAUNBAP, M333/IJIMUH 3X YYCBIPYY[,

AraapblH 4aHapbIr camxpyynax oAO0OrMMnH GOMOH MP3I3AYNA XIPIADKYYNIX apra Xamkad, ann
OPXYYAUVH TYIWHUIA awmrnanT, TYYHYNaH Oycag araap 6oxupgyynard ax yyceapyyn Tyxannban
uaxunraaH CTaHu, TI3BPUIAH X3PArcrnyyn 33pruir XonboH TOOLOXIynrasp araapblH 60xMpanooc
Xamaapax 9dpyyn M3HOUNH ceper Heneennunr yHanax 6onomxrym tom. buag xyBunbap Tyc
Oypuir TOOLOOr XMix433 canbapbiH MIPraXWnTHYYATSM WaT gapaaricaH gapununara Xunix
TOOr33p XYMYyyC CYYNWAH yen Malwl XypgaurtanWraap ©CeH HaMargax Oyrh apuMm  Xy4YyHUn
Xaparyad’, waapgnara OoOnoH araapblH  OOXMPASbIH - acyyanbil  X3pPX3H  LWMWAABIPNAX
bonomxyyablH Tanaap eepcaunH  060Anoo  UNAPXMUACHUAr  TycracaH. MeH  gaapx
apununaryygag yHaacnaH xysunbap tyc 6ypuir 2014 oHbl 1 oyrasp capaac axnaH gapaarumnH
10 XunNunH xyrayaaHg Toouox Gonoscpyynaxaap TortcoH 6onHo. CyganraaHbl Cyypb TYBLUMH
OOMOH eHeerMNH XanaanT, LaxunraaH CTaHuyyAblH axunnaraa, aBTo T33BPUNH X3P3ArcnyyannH
Tanaapx M3433IMIAr 3acruiiH raspaac rapracaH TannaH mMa3g33 60MoH CyynuiH yeq X3BnarasH
rapcaH 3pasM LUMHXUITTIHUIA eryynnaryyn 3spraac aBd awmurnacaH 6ereeg Tenes 2013-bir
3aCrMH raspaac Xapankyymk Oywm Oycag TecnyyauwH yp OyH, 3eBnemx OOMOH cyganraaHbl
GarmiH rvwyyaMniH caHanbiH garyy 6onoscpyyncaH. Xysunbap 1, 2-1 Tenes 2013 pga3p
aypacaH 3 yHAcC3H 6oxupayynary ax yycBapT WYy O3BLUMATAIT TEXHOMOrM HIBTPYYNax 60noH
3pC WMAAIMIMIA CamXpyynanT XMACHI3p araapblH YaHapT X3pXaH Heneenex Gananbir TOOL0X
YHOMNC3H.

Cyypb TyBWUMH GonoH xyBunbap Tyc OypT XMWrgaxaap TycrargcaH yun axunnaraa Hb ©pXuiiH
OpOoH cyyy 60noH 3yyxHbl Tepen, rajaag 6a [ortood Op4YHbl araap Aaxb TOOCOHLIOPbIH
aryynamxaap yHanargaHa. CyganraaHa HUNT epTenTUAr HacaHg Xypardyma OOMOH Xyyxda4 rax
Tycag Hb ToouCOH Bereeq aryynam, epTent, apyyn M3HOWIAH a4aaniblH YHINMA3HUA apryyabir
XaBcpantyyaan Togopxon TycracaH 60nHo.

XanaanTbiH xan63pyya’

Cypanraang YnaaH6aaTtap XOTbiH r3p XOPOOMMbIH AWyl epxXyyauur CyyuHbl Tepreep Hb rap,
©alLWKnH, OPOH CyyL, F3C3H rypBaH YHAC3H 6ynar 6OMroH y3ax HapuUiH LUMPX3rNarT TOOCOHLOPbIH
(PM2.5) ax yycBap 60510H ©pTenTMir TOOLCOH.

3p ragar Hb TeB A3UNH yNCyyablH CyyL X3n63puiiH Mo, 3CTUNIa3p XMWAC3H ynamxknanT cyyl;
baliWuH raaar Hb HAr amn Cyyx UX3BYM3H MOJ, LEMEHT, Toocroop GapbcaH 6apyyHbl MasruiiH
rapaac bycaa xanbapuiiH cyyL; OPOH Cyyu r3Aar Hb XOEp BOMOH TYYH33C 433U TOOHbLI ann epx
ambpaH cyyx 6anwunH 6ereen NX3BYNSH X343H apBaH ann ambgapaar 6apunra om.

3p GonoH OanwmnH cyyu Hb TYYXMA HYYPCUNI LlaTaax 3amaap xanaantaa wingnar 3yyx
awwurnagar. MoHron ync cyynunH 10 rapym XunuinH xyrauaaHz 3HIXYY 3YYXbIl COMbX WUNyy
WwaTanTrTam camkpyyrcaH 3yyxbilr HIBTPYY3X ONOH XxeTenbepyyannr Xxapankyymx 6anHa.

MCC-unH 3pumm xyd4, banranb OpuYHbl TOCMUNH XYPI3HA ynamKnanTt 3yyxbir camxpyyncaH
3yyxaap COMUX axun 3PYUMTIN XUWATACIH. OHI axNblH XypasHg HuAT 97,230 3yyxbir amn
epXxyyassn TapaacaH 6ereeg yyHa ©naun, Xac, Jen 3yyxHyyn opox Gereef a4rasp 3yyxHyyabir
oma HMMTag Hb “MCC-ninH camxpyyrncaH 3yyx” rax y3CaH.

® ByyxHaac rapcaH yTaaHbl SNrapanThiH X3MX33, HaM [apanTbiH 3yyx 6a aBTO TO3BPUIH X3PIrCRMiir 2.85 AaxvH eCrex Of0OMiH
rafgaag OpYHbl araapblH XaMXWUITTIM AYWLYYN3H Toounoo. YyHuiir bycap xysunbapyya 439p MeH agunaap TOOLCOH 60Ho.

23



Motnron YnceiH 3acruiiH Maspaac 2013 oHooc axnaH ynamxnant 3yyxeir 45,000 rapyn MCC-
WAH camXpyyncaH 3yyxaap conmx xeTenbepuir xapankyymk ©OanHa. bycag xanaanTtbiH
TOPNYYASA Xarac KOKCXKCOH HYYPC3H 3yyX, Ham JapanTbiH 3yyX, XanaanTbiH 3yyx 60M0H U3Bap
TOBUWH XanaanT 33p3ar OpHO.

MCC-uitH camxpyyncaH 3yyx Hb ynamxknanTt 3yyxTan xapblyynaxag eapunH AyHOaX araapbliH
boxmpaneiH anrapant Hb (PM2.5 rp/egep) 67%-aap 6yypcaH y3yynantrtan 6anraa Hb 4oTooA
araapblH 60xMpAaribIH XaMxaar 16%-aap 6yypyyncaH AyHTan 6anHa.

Xarac KOKCXKCOH HYypcaap rannajar epauvvH ann epxvuiH awmrnagar xanaax 3yyx 60noH
XanaanTtbliH 3yyxyyd Hb ragaag OpuYuHA yTaadbl anrapanteir 6w Gonrogor, xapvH 4oTooA
opuMHA yTaa anrapyynaxryn. Ham gapantbiH 3yyx 60M0H TEeBNOPCOH YYpPbIH TYr33NT Hb 3p4YMM
Xy4 60NIOH XxanaanTbliH XOCONMOM YUNAB3IPNANUNH sBuag 6un 6ongor.

Bug 6ara XxamMxasHu HAPUIH WNPX3rNarT ToocoHuopbir (PM2.5) yycrax 6yn 6ycag xanaanTbliH
Tepnyyawir “Gycag cawkpyyncaH xanaanTtblH Tepnyya’ HOpTanrasp opyyncaH ©a 3SHaxyy
Tepena Hb 3PYMM XYYHWUA XaHTaMXWUWAT HAMIrAyynax TepuiiH ©604noro TeneBnereeTsn TOXMpM
Oariraa oM. JHAXYY MPI3AYMH LUMHO TEXHONOIMMWH 3yyX Hb yTaaHbl anrapanteir MCC-uiH
camkpyyncaH 3yyxHbl YyTaaHbl snrapantaac pgapyn 60%-aap, [0TOO4 OpuYHbI araapbiH
BOXMPAIILIH XaMX33r 16%-aap AaxvH HAMINT33p GyypyynHa rax TOOLCOH.”

3yyx Hb 3eBxeH rap 6a GavwmHg 3opuynargcaH 6a HAr epxed Har 3yyx alwurnargaHa rox
TOOLICOH. Ham gapanTblH 3yyX 36BXeH GariuHTam anng Toxmpox 60n xanaanTblH 3yyX Hb OPOH
cyyuaHg n 6anxaap TOouCOH. TyyHUNaH yypblH Xxanaant 6a Oycaa camxpyyncaH xanaanTbiH
TepnyyAa Hb OyX TepnuiiH OPOH cyyuaHa Garixaap TOOL0OSICOH.

Cyypb myswuH — g, MCC-uinH 3yyxHyyabir TepuiH 604norbiH xypaaHa TapaacaH 6a 2013 oHA
3araap MCC-uinH 3yyxHyyablH 6opniyynanteir 6aHk 3oxuuyyngar 6oncoH. TepuiiH 6oanorbiH
XYP33HA Ham gdapanTblH 3yyX, CamkKpyyrncaH xanaanT, Xarac KOKCXCOH HYYPC3H 3YYyXHbl alb
HArMnr awurnagarryn rap XOpoOomnfblH epxyyasa owpbiH xyrauaaHg MCC-uiH camxpyyncaH
3yyxeir 100% cyypunyynax 3opunro TaebcaH. [1a3px yHascnanasp BasHron ayypar® Gomnow
Oycag Ham pgapanTbiH 3yyx Oyxui ann epxyygaac bycag HUNCHANUIAH Byx AyYpPruiH epxyyaas
MCC-unH  camxpyyncad 3yyxeir 100% TapaacaH 6GawnHa. LUasap Araap CaHruiiH
MIPrOXUNTHYYAUAH M3A33ncH33p 2013 oHbl Gawgnaap YnaaH6aatap xotog 20,000 Ham
JapanTbiH 3yyX (HUAT GanwwuHTam epxyyamiH 19% Hb) Gyxmn GanwuHTam epxyysd OariHa.
MoHron YncblH YHA3CcHUM CTaTtuctmMkmind XopooHooc rapracaH 6apumTaap 2010 oHbl 6arianaap
HUANT 14,186 Ham gapanTblH 3yyxTam awn epx YnaaHbaatap xotof 6Ganraa racaH Hb O33pX
mMagaannunr 6atamk 6avHa. MeH TYyHUNaH HUWAT OPOH CyyuHbl 86% Hb TEBMIH xanaanrtaac
AynaaHaap xaHrarggar 60noxbir M3433nMnacaH bavgar. 94raap 100 6apumtyyg He 2014 OHLI,Q
M6eH X3B33p OaliHa rax y3aH cyganraangaa opyyncaH. Xonbdorgox anbaHbl MIpraxXunTHYYAUAH
M3433ncHa3p 2013-2014 oHA WKMMKUX eBen OPOoH cyyuaH ambgapgar yngcaH 14%-g 6artax
ann epxyya Hb 189 xanaanTblH 3yyxaap AynaaHaa xaHragar rax TopopxonncoH .

Tenee 2013-biH paryy 6yx rap, Ham gapanTbiH 3yyX Xaparnagarryi HUAT 6anwnHryyn He MCC-
WMH camkpyyncaH 3yyxaap 6ypaH COMUIOOHO raX y3CaH. OH xyBunbap Hb Cyypb TYBLUMHIAAC

7 WpasayiH WMH3 ASBLUMNTAT 3yyX Hb yTaa 6yypyynaar 6aiiHa rax TOOLICOH.

® BasHron Ayypar 49X TyyXuii HyypCUIAr XOPUITOCOH XyYrb Hb 38BXEH Xarac KOKCKCOH HyYPC Xaparnax 6aitHa. 2012 oHbl XyH am
3YWH M3[33/1M133C  Xapaxag, 3H3 AYYPruiH rap cyyuTan annyyabiH 7% Hb, 6aiwuH cyyuTtanm ann epxyyaunH 6% Hb n xarac
KOKCXXCOH HYYPCUIAT TYImK baiHa.

TeBVIH xanaanTTan ann epxXyyaulH HUAT 33M3X XyBUWT Hb ©6puYneeryil yump Hb ain epxXyyauiH TOO Hb DaiiHra uxcax bawix
6onHo, xuwaanban AyHA OBpbIH HaM AapanTbiH 3yyxHaac XxanaanTtaa xaHragar ann epxyyd TeBUWH XanaanTtaHp sBaaHgaa
XonboraoHo. JH3 Hb CyAanraaHbl Cyypb LyraMaHz XyBb Hb MXC3X TyCaM yTaaHbl anrapanTbiH XamxXaar 6aracHa.

" WY TUC-with axnax 6ariw TY-Hel AokTop BaTTortoxooc Maaaannuiir ascaH — 2013 oHbl Hamap.

©
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aXNANTan. HuncnanuiiH xamxasHg ogoo Ganraa 20,000 Ham gapanTbiH 3yyX Uaawmg 4 9HI
XAMX39HA, GanHa. XanaanTblH 3YyXHbl TEXHOMOMM Hb Xyy4dpax yunp 2024 xypTan xyyypaxryn
ogoo baviraa 189 Ham gapanTblH 3yyxHbl TOO HAMargaxryn. 2014 oHbl Gangnaap TeBMNepCeH
Wwyramaac xanaanTt aBaxryn 6anraa 14%-uiH OpoH CyyLHbl epxyyaunH Too 25,488 GancaH Hb
2024 oHpa eepunergexryii Tyn HUMT OPOH cyyuaHa ambaparcabiH 6%-Tan TaHUaX 6yypHa. bycaa
OPOH CYYLHYYA Hb camXpyyrncaH Oyoy TOBUNH XanaanTblH Wyramg Xon6orgoHo.

Xyesunbap 1-viiH pgaryy rapt ambaapaar epxyyg 100% mpasagyiH LWKMHS TEXHOMOMMIAH 3yyxaap
CONUraox, Ham dapanTblH 3yyX X3B33p33 6a OavwuHTan ann epxyyauriH 50% Hb npasgynH
WMH3 TEXHOMOIMMH 3yyxaap conurgox, ynacaH 50% Hb calxpyyncaH xanaantbiH cucTemg
WWNIMKWHI. DH3 yed XanaanTbliH 3yyXHbl LU3B3p TOBMIWH XanaanTTan OpPOH CyyLHbl TOO Tenes
2013-bIH yeuiiH TOOHOOC eepyneraexryn.

Xyeunbap 2-biH paryy rap 6onoH GavwuH cyyutan ann epxyya 100% uaBap xanaanTblH
cuctema Wwumkmx 6Gereen  xanaanTtbiH 3yyxyyd awwurnantaac rapd 6yx OpOH CyyLHbl
OanwunHryyn TeBunH xanaantag xonborgoHo. [Loopx XyCHArTag cyypb TyBwwuH, Tenes 2013,
6onoH Xysunbap 1,2-blH TYBLWUWHA 3YyXHYYAblH TOOr Teprieep Hb xapyyncaH 60mHo (XycHarT
A1, A2).
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XycHarT A1. Cyypb TyBWUH (2014) GonoH TeneBneceH xyBunbapyyabiH YEUIH ann epxyyaunH

XanaanTtblH 3yyXHbl TEpen

Map Map BanwuH BanwumnH  OpoH cyyy  OpoH cyyu
(xyBnap) (Too) (xyBnap) (Too) (xyBnap) (Too)

2014 oH — Cyypb myswuH
MCC-min 93 80,122 75 79,972 0 0
camxpyyrncaH 3yyx
Xarac KOKCXCOH 7 6.123 6 6.381 0 0
HYYPC3H 3yyX
Ham gapanTbiH 3yyx 0 0 19 20,000 0 0
XanaanTblH 3yyx 0 0 0 0 14 25,488
LloBap:
TOBUMH Xanaant, 0 0 0 0 86 154,230
XU, LaxunraaH
2024 oH — Tenes 2013
MCC-min 100 94,834 83 96,043 0 0
camxpyyrcaH 3yyx
Ham gapanTbiH 3yyx 0 0 17 20,000 0 0
XanaanTblH 3yyx 0 0 0 0 6 25,488
LloBap:
TeBUWH XanaanTt, 0 0 0 0 94 389,707
XU, LaxunraaH
2024 oH — Xysunbap 1
WpaagymH WwnH3
TexHornoru byxmi 100 94,834 41 48,472 0 0
3yyx
Ham gapanTbiH 3yyx 0 0 17 20,000 0 0
XanaanTblH 3yyX 0 0 0 0 3 12,744
LloBap:
TOBUMH Xanaant, 0 0 41 48,472 97 402,451
XU, LaxunraaH
2024 oH — Xysunbap 2
LloBap:
TeBUWH XanaanTt, 100 94,834 100 116,943 100 415,195

XU, LaxunraaH
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Ypaxryn xaBnargax rapax Cowwan MmMnakt KOMNAHUNH HONeesNUAH YHINMI3HUN yp AYHMUIH
aucunH TamnanHg opcoH MCC-unH cawmxkpyyncaH 3yyxHbl (©n3umn, Xac, [en) yTaaHbl
anrapanTbiH M3A33NNuNr 6ua eepcanind cyaanraan alimrracax.

HuncnanunH Ham gapanTbiH 3yyX, Xarac KOKCXKCOH HYYPC3H 3yyXHbl 6oxuvpayynarduiiH
erergenuinH Tanaap mMaaaanan xadrantryn 6ancad Tyn MCC-uitH camxpyyrncaH 3yyxHbl yTaaHbl
anrapanTblH ereraneep AyWUYYN3H Toousnoo. MpasayiH LWMHA TEXHOMOIMUMWH 3YYyXHbl yTaaHbl
anrapanTbir YHanaxA33 MCC-unH cavxpyyncaH 3yyxbeir Cowuvan MMnakT KoMnaHWiH YH3Mraa
XUCaH Bangnaap 6yty ynamxknant dyyxHaac MCC-uitH camxkpyyncaH 3yyx pyy LUMIHKCIHTIN
TecTan Garixaap TOOLCOH.

XanaanTblH 3yyXHbl yTaaHbl anrapantbiH yHanraar 2013 oHg XAUKA (KAWKA, AnoHbl 0noH
YyNCblH XaMTbiH axunnaraanel areHtnar — JICA, Japan International Cooperation Agency)
GanryynnarelH 60n0BCpyyncaH yTaaHbl snrapanT TOOCOHLOPbIH WATFAN33C TOM LUMPXIrnarT
TOOCOHUOpbIH (PM10) magaannuir awwurnacaH. XoTblH OyX siHOaHraac rapcaH yTaaHbl
AnrapantblH TOOCOHLUOPbIH X3MX33r HAapWUWH LUMPX3rnarT TOOCOHUOpbIH (PM2.5) xamMxaaTan
agvnaap aBd y3caH 6a 2014 oHbl 6angnaac Tenes 2013-biH xyBba eepunentryn, 2024 OHbI
XyBunbap 1-T yTaaHbl AnrapanTblH TOOCOHLOPbIH X3MX33r HapWH LUMPX3rnarT TOOCOHLOP
(PM2.5) 6anxaap yHancaH. XyBunbap 1-T xanaanTblH 3yyxHyyAblH yTaaHbl anrapant 70%-aap
Byypaxaap TOOLCOH Hb ©HOep Yyp awurtah LMKIOHOOp yTaaHbl snrapanTbir XsHax 6oanorbir
XaparKyynaxTan xon6ooton tom (KAWKA, 2013). Xysunbap 2-T 6yx xanaanTblH 3yyXHyyabir
almrnanTtaac rapraHa rax TooucoH. HUMT yTaaHbl anrapantbir XyCHArT A3-T HArTrax xapyynas.

XycHart A2. Ain epxyyaunH Too

2014 oH 2024 oH

Hunt ann epx 372,317 626,972
Map 86,246 94,834
BanwwuH 106,353 116,943
OpoH cyyy, 179,718 415,195

XycHarT A3. Ham gapanTbiH 3yyxHbl yTaaHbl snrapant, xyBunbap Tyc 6ypaap

XyBunbap HO3-Hbl yTaaHbl anrapant (PM2.5 TH/xun)
2014 oH — Cyypb TYBLUWH 1,300
2024 oH — Tenes 2013 1,300
2024 oH — XyBunbap 1 390
2024 oH — XyBunbap 2 0
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LlaxunraaH cTaHuUbIH yTaaHbl AnrapanTbiH XyBun6apyya

Cyypb myewuH — 2013 oHa XXAMKA GairyynnarbiH 60noBcpyyncaH AynaaH, Laxunraa
6onoscpyyngar AepBeH uaxunraaH crtaHuyyabiH (OUC-2, OUC-3 (2 xacar) 6a OLIC-4) Tyc
OypuHX Hb yTaaHbl ganrapant — 2010 oHbl 6yayyH WMpXarnartT ToocoHuopbiH (PM10)
UNTraNUNH aaryy 6yx siHAaHraac rapcaH yTaaHbl srrapanTblH TOOCOHLIOPbIH X3MX33r HapunH
WMpxarnartT ToocoHuopooc (PM2.5) 6ara rax y3aH 2014 oHA eepunentrynrasp TooucoH. 2024
oHbl Tenes 2013-1 AL C-5-bIr awmrnantaHg H3MXK OPCOH Oanxaap TOOLCOH.

2013 oHbl 3yH MoHronblH 3acruinH rasap 6onoH GDF Suez SA rpyntan uaxunraaH ctaHy 6apumx
caHamX OmumnrT rapbiH ycar 3ypcaH bavgar. OgoorniH tenesnecHeep 450 MW xyumH yagantam
6a uaawug 820 MW xyumnH yaganTtam 60nrox ecrexeep ToouCcoH (Huncnan uasap araap Tecen,
2012) yunp 6ug 2024 oHbl xyBunbaptaa epreTreceH 4dagnaap Hb OPYYyimkK TOOLICOH. X3paB
TeneBneree €coop xapankean 2017 oH raxag ywn axwunnaraaraa OypaH Yagnaap Hb SBYYIXK
axnax 6a HUNCNANUIH TeBeec xong 3yrT 15 KM 3anTan OpLIMHO. OHI LUMHY CTaHUbIH yTaaHbl
sAnrapanTbiH XyBb Hb CTaHLUbIH Yp alwuurtTan axunnaraa 6a HyypcHUIM YyaHapaac Lwyyn xamaapHa.
LlaxvnraaH ctaHuUblH OOOOMMWH €pPeHXNA 3areapaap AyHAAX LaxunraaH yunasapnanT Hb uart
1870 kW*uar/TH Hyypcuir xaparnax 6a gynaad ynngsapnant Hb uart 19.53 MMBtu/TH Hyypcunr
awmrnaxaap TOOLPKI3.

OHS uaxunraaH ctaHy Hb AHY-blH wKH39p GartancaH ctaHgapT New Source Performance
Standard (NSPS) TyBWwMHTAM (uaxunraaHbl xy4uH 4Yagan Hb 0.015 IbPM/MMBtu) Toxumpuy
Oarixaap TOoOLX33. OLC-5 Hb >XMAWWH Typw axunnaH owponuooroop 511 THAKUN HapWiH
LWMPX3rnarT ToocoHuop (PM2.5) ytaaHbl anrapanTbir rapraHa.

Xyesunbap 1-m TypyyuniiH xyBun6apyya gastargax OLIC-2,3,4-uinH yTaaHbl snrapanTt 433p Hb
OHOep Yp awurTanm uaxunraaH COpoH30H WyynTyyp (electrostatic precipitators — ESP) TaBuHa.
ToocoHUOpYyAbIH WYYNTMIAH XyBb Hb 98% rax Toouox OGanraa 6a uaxunraaH COPOH3OH
WYYATYYPUIAr 36B Cyymrax, awurnax dagsan wyyntuiH Hb 99% XypTan awwurtan axunnax
OOMOMXTON HOM. DAr33pPUNAr X3PANKYYNCHIap HuncnanunH OLC-bIH Ganryynamxung TOMOOXOH
eepUNenTyyq XuUnrgax, HOWTOH wyyrd (wet scrubbers) acBanm uaxunraaH COPOH30OH
WYYATYYPUAH anb HIAMMWAI Hb TyXaWH CTaHubiH Ganryynamxaac Hb LanTraamk COHIOH
GaripnyynHa. 98% XxypTan wWyyx rAaar Hb yTaaHbl snrapanTbiH akTop XAHaNTrynrasp 16.6 kr
TOOCOHLIOP/TH HYYPC rapraxtan TOHL3HS.

Xyesunbap 2-m 033p AypbacaH 6yx xyBunbapyyn aastargana. QL C-2-bir xaargaxaap TOOLHO.
HuiT yTaaHsl anrapanTbir XyCHArT A4-T HarTrax xapyynas.

XycHarT A4. Xyeun6ap Tyc 6ypunH QL C-biH yTaaHbl snrapan

XyBunbap AU C-biH yTaaHel anrapant (PM2.5 TH knn)
2014 oH — Cyypb TYBLUWH 11,500
2024 oH — Tenes 2013 12,000
2024 oH — XyBunbap 1 1,900
2024 oH — XyBunbap 2 1,830
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ABTO T23BpPUIH X3P3rcrUNH yTaaHbl AnrapanTtbiH XyBunbapyyna

ABTO T33BPUIH X3P3rcrnvriH yTaaHbl sinrapantbiH 6ananbir TOOOPXOWNOXA0O TyxavH aBTo
TI3BPUNH X3PIrCNUNH X3O39H XU SIBCAaH XAMXKI3HI3C Hb HAMK KM siBaxaj sanrapax yTaaHbl
AnrapanTtbir TOOLOX rapragar. VIHraxgaa T99BpUIAH X3PArciunMH Hac, yTaaHbl anrapanTt, 3acsap
YANUMAras XuWnracaH ©Oampgan ©OonoH 3amMblH  ©ernepen 33prasp Hb  aHMMmK  TOOLOX
Waapanaratan. JHaxXyy cydanraaHbl axnblH XYP33HO SHIMAH M3433Man-erergen awmrnaxaac
ragHa aBTOMAlUWHbI YTaaHbl ANrapanTtblH Tanaap AS9MArdpaHryn M3433M3M Uyrnyynax Hb
cynanraavbl 6arniiH 6ac Hor uyxan axwun 6aincad oM. 2010 oHa XKAMKA Gairyynnara Tes
OOMoH Tycnax 3am [033p SIBCAH MalUMHYYAbIH yTaaHbl sinrapantaac rapax TOM LUMPX3rnarT
TOOCOHUOpbIH (PM10) MagaannuinH canr 6ypayyncan 6angar (2013 oH).

Bug 6yx TepnuiH aBTO T93BUWH X3PArcnaac sanrapd Oyn yTaaHbl AnrapanTbiH  HUWT
TOOCOHLIOPbIr  HapuWH LWIUPX3rNarT TOOoCoHuop (PM2.5) rax y3C3H. 3H3 TOOCOHLOPbIH
anrapanTblH M3433HA TOPMOC, Ayryrh 60noH 3ambiH TooCkIr opyynaaryi 6onHo. 2014 OHbI
HapPWUNH WMPX3arnarT ToocoHuopblH (PM2.5) anrapant 2010 oHbixTOon Xapbuyynaxag 1.7 gaxvH
WUX3CCAH Hb XOTbIH X3MX33HA sBX Oyn OypTryyrncaH MallnHbl TOO UX3CCIHTIN XONB6OOTON oM.
YyHuir toouoxgoo 2010-2013 oHbl XOOPOHA MaluMHblI TOO Gapar 2 AaxMH HAMaracaH 60noH
raparaap gyraapblH Xsi3raapnanTt Xuinx 60fCOHTOM X0N600TOM oM.

2024 oHbl Tenes 2013-1 mawwuHbl yTaaHbl anrapan 2014 oHbIxTOon xapbuyynaxag 1.3 gaxuH
NX3CCAH BamnHa. QH3 xamxunTuir gapaarnnd 10 XUNUMH Xyrauaang yTaaHbl anrapanT Xung
2.5%-aap ©CCeH TOOLOOH [33p YHAICNAK rapracaH. MalumHbl TOO KN upax Tycam ecy banraa
TOOTOM Xapblyynaxag 9H3 ecenT xapbuaHryn 6ara caHargax 60n0BY OpYMH YEWAH MalUuWHbI
Oanryynamx (yTaaryn mMallvH rax MaT) eepunergex 6anraatan xonboH Tanndapnax 605Ho.

Tenes 2013-T yTaaHbl anrapantbiH Toouoo Hb EBpo Il ctaHgapTeiH pgaryy 6oporgcoH 6on
Xysunb6ap 1-1 EBpo V yTaaHbl sinrapantblH cTaHAapTTah unyy gexex odHo. [usenasp asgar
MalluHbl XyBbA EBpo V yTaaHbl snrapantbiH cTaHgapT Hb EBpo lll-tan xapbuyynaxag 80-93%
bara 6aviHa. beH3nHa3p axunnagar MawunHyyablH TOOCOHLOPLIH sAnrapantaHa 3opuyncaH Espo
ctaHgapt Gangarryn Tyn epeHxuningee 90%-unH OyypanTtTan rax Toouox 60nox oM. beH3nHaap
axunnagar mawvHyyablH Hyypcycteperdnnd (THC) ctangaptyyn EBpo V-biHx EBpo lll-Tan
xapbuyynaxag 50%-aap 6ara 6Gawmgar. TyyHYNSH ©BNUNH XYWT3H ynupanTtah rasapTt
TOOCOHUOpbIH 6oxupgon Oyypy Ganraa Hb O3rASMXMIA XWMWAHYYLA TOOCOHLIOPTOW XOJSMMACOH
Oarigartay xonbooTon. JHAIXYY apra X3MXKI3HYYOAUNH yp OAYHA SAr3ap y3yynantyya Hb 2014
OHbIXTOM XapbLyynaxag 75%-uiiH byypanttan 6anHa.

XyBunbap 2-T 4aspx O6yx y3yynantyyaunir xaBaap a4y Xysunbap 1-unr 50% Hankaap 6yypyymnx
TOOLHO. VX Xamx33Hui ByypanTbir TOITBOPTON OapuXbiH Ty ONIOH TOOHbI MalUUH XOT A4OTOp
sBax acyyaan [33p XsHanT TaBux, 3aMblH XeOenreeHun ypcranbsir 3eB 30XuLlyynax, 3amblH
XeO6erreeHnn HAraCcaH cymkas yaupanaratan 6onox, EBpo VI yTtaaHbl snrapantbiH CTaH4apThIr
HABTPYYNax 33par opHo. MeH EBpo VI yTtaaHbl ganrapantblH cTaHgapT Hb EBpo V-tam
xapbLyynaxag Au3enasp siBgar TOM OBpPbIH TI3BPUNH X3P3rCAMNH TOOCOHLOpbIH anrapant 50%
6yypHa. HuiT ytaaHbl anrapantbir XyCHArT A5-T Hartrax xapyynas.
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XycHart A5. XyBunbap Tyc OypunH aBTOT33BPUIAH X3P3ArCrviH yTaaHbl anrapant

XyBunbap ABTOT33BPUINH X3PArcnviH yTaasl anrapant (TH PM2.5/xun)
2014 oH — Cyypb TYBLUWH 384
2024 oH — Tenes 2013 500
2024 oH — XyBunbap 1 96
2024 oH — XyBunbap 2 48
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Yp AYHIMWH Taamarnan 6a T3Ara3apuiiH 3X yycBap

2014 oH — Cyypb myswuH'"

3yyxHyya — 100% MCC-witH caixpyyncaH 3yyxHbl'> yTaaHbl snrapanTblH M3A33Mnuir
Cowwwuan MmnakT' koMnaHWii cyaanraaH YHOICNIHA.

XanaanTblH 3yyx — yTaaHbl anrapantbiH Magsannuir XXAMKA 2010 ToM wWMpX3rnarT
TooCcoHUopbIiH (PM10) xamxuntnind magaanan (PM2.5-p ToouCcoH)

TooBpuitH xaparcan — XAMKA 2010 TOM LUMPX3rMSrT TOOLOCOHUOPbLIH (PM10) yTaaHbl
sanrapan He 1.7 gaxuH uxaccaH (PM2.5-p aBcHaap TOOLICOH),

LlaxvnraaH craHy — yTaaHbl anrapanTbiH maglannuiir XAMKA 2010 Tom WnMpxarnarT
TooCcoHUopbIH (PM10) xamxuntnind magaanan (PM2.5-aap TooLCcoH)

2024 oH — Tenes 2013

3yyXHyyn — TEXHOMOMMINH ©6pYnenT rapaxrymn (3yyxHbl TOO LI©@&H TOOroop HOM3IrAC3H)
XanaanTblH 3yyxX — eep4nenTrym

Ta3BpUNH Xaparcnyya — cyypb TyBWUHIMIAH 130%

LlaxunraaH ctaHu — ogooruMiH Hexuen eepunergexryi 6a [OLC-5 wuHa3p awwvrnantaHg
OpPCOH Banxaap WUnyy YYCC3H 3pUMM XYHHUIN X3PIrNIIr CIPraaragax apUmMM Xy4aap XaHraHa.

2024 oH — Xysunbap 1

3yyxHyya — Ham pgapantbiH 20,000 3yyxeir MCC-unH camxpyyncaH 3yyxTanm OyvuyynaH
TOOUHO. Mp3sayviH LUMHO TEeXHONMOMMWH 3yyxHbl yTaaHbl snrapant MCC-uiH camxpyyncaH
3yyxHbl 40%, Bycapg 3yyxHyyaaac rapax ytaa 60% 6aracHa.

XanaanTblH 3yyx — eHOep Yp awurtarh UMKIMOHbIF cyypunyyrncHaap ytaanbl anrapant 70%-
aap byypHa

TaaBpuiiH x3parcan — EBpo V cTaHgapTbIr aBY X3p3NKYYMCHI3P Cyypb TYBLUMHIUMNAH 25%
6onHo

Llaxunraan ctaHy — AUC 2, 3, 4-a 98%-niiH yp awmnrtani yaxmnraaH COPOH30H LUYYATYYPUIAT

cyypunyynHa

2024 oH — Xysunbap 2

3yyxHyyn — yTaaryn 3yyx (6yx 3yyXbIr XWiH, LUNHIAH 3CB3aN LaxunraaH 60mroHo).

XanaanTblH 3yyx — awuirnargaxrym

TaaBpuiH xaparcan — EBpo VI ctaHgapThir H3BTPYYNCHI3P MalUMHbI yTaa Cyypb TYBLUUHIMAH
12.5% 6onHo

Llaxunraan CtaHy — XyBunbap 1-uiiH yp oyH 433p HomanTaap ALUC-2-bir awmrnaxaa 6onmHo

1"

3yyx, XxanaanTbiH 3yyX, T33BPUINH X3P3rcrnaac YYCC3H yTaaHbl HanprarbiH oMponuooroop 2.85 koachduLuMeHToop nxcax bairaa Hob
O[OOMMINH TOOCOHLIOPbIH X3MX33T3N TOXMPY GaliHa rax TOOL0ONCOH. OH3 Xamxkaar 6yx xysunbapT agunaap TOOLCOH. OH3 Hb
TYL-1iAH 3yyX, XXWXKUT gynaaHbl 434 CTaHLU, YUNABIPMAMUAH yTaaHbl anraparn, 3aMbiH 60MOH canxvHbl TOOC LLIOPOOr opyynaaryin
TOOL00 60MHO. 3yHbI yriMpang LOPOOHbI TOOLLOOr HAMINT33p opyysk 600X Waapanaratai.
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XABCPANT bB.
FAOAALQ OPYHbI ATAAPbIH YAHAPbIH X3MX33
Mapaan opyYHbl araapbliH YaHapblH 3arBapynan

apaag opyHbl araapblH YaHapblH 3arBapuynan Hb araap Aaxb HapuriH  LWWPX3arnart
TOOCOHUOpPbIH (PM2.5) XWUHMMIH aryynamXwunr TOrTOOX 30puMAroTON M. 3OH3 3areapunarnbiH
apra Hb MCC-unH 3Heprn xyd4, banranb opuHbl TecnuiH rynuatrard Cowwran KmnakT
KOMMaHUNH HONeensIMnH YHINrasHA aluvrriacaHTan TecTan oM. OH3 cydanraa Hb yTaaHbl
anrapantbiH XyBunbapyyn 6onoH Oycag yTaaHbl smrapanTbiH 9X YYCB3PYYAUNT HAMXK OpyYyrcaH
TOMOOXOH X3MX33HUN cyganraa OOncoH. OHS 3areapuynanbiH  HapuBYuIiCaH Tannbapbir
Cowwran MMnakT KOMNaHWAH HeNeennunH YHINI33HUN 3UCUAH TannaHg opyyrcaH Tyn 3HIXyy
cyfanraaHbl TannaHa 3eBXeH TOBY Tannbapbir opyynnaa.

lagaag OpuYHbl raspblH TYBLWMH 03X HAPUWAH LUMPX3MNIAIT TOOCOHUOpbIH (PM2.5) xamxaar
TOOLUOXJ00 [fapaax 3arsapynansir awwmrnacad. YyHA4: Typ XyrauaaHbl YWNABOPNanuinuH 9x
yycraBpyyaunH wx oypgan, 3areap 3 (Industrial Source Complex Short-Term, version 3 —
ISCST3), aucnepc 3arsapunan, AHY-biH Banranbs OpuHbir Xamraanax Arentnar, 1955 oH
(United States Environmental Protection Agency — US EPA, 1995).

3areapunaneir rapraxgaa 2012 oubl 6 gyraap capaac 2013 oHbl 5 pgyraap cap xypTan
XyrauaaHbl Har uarmnH anxamrtan 6yloy uar TyTaMma OpYHbl X3M, canxuHbl Xypa 6a unrnanunr
araapblH YaHapbIH XAMXUNTUIH cTaHu-4 (UB04)-bIH XaMXUATUAH erergneec aBcaH. QH3 CTaHL
Hb Lar Yyp OpuHbl Wunxunrasumi MaspeiH (LWYOLUD) xapbda XaMxunTuiH uar tom. MeH
TYYHUN3H HapHbl Laupar, araapbiH ye gaBxaprbiH xonungcoH xamxkuntunr NOAA HYSPLIT-H
(National Oceanic and Atmospheric administration - Hybrid single particle lagrangian integrated
trajectory model) 3arsap awwurnaH rynuaTtranas (Draxler & Hess, 1997, 1998; Draxler, 1999).
OpTeNTUIH AyHOaX aryynaMmxuir egpunH (erneeHnin 8 uaraac oponHbl 16 uar xypTan) 60noH
WeHuiH (oporiHbl 18 yaraac erneeHun 8 uar xyptan); eenunH (10 gyraap capaac 3 gyraap cap
XypTan) 60MNoH 3yHbl (4 Ayrasp capaac 9 oyrasp cap XypTan) ynupnaap TyC TyC X3MXC3H.

AN epxXuH rannaraaHbl yTaaHbl Snrapant, HaMm JapanTbiH 3yyX, T33BpUNH xaparcan, OLUC-bIH
yTaaHbel snrapanteir 6ug 3arBaptaa opyyrmk TooucoH. bBbycag TepnuiiH rannaraaHbl
yycroBpyyaunr opyynaaryn. YyHAa: 3yyxaap rannagar okwkur TYL, ynnasapuiH ymn
axunnaraaHaac rapy OyW yTaaHbl sinrapanTt, 3aMblH TOOC, CanxuHaac ypyygaX WPC3H TOOC
33par b6arraHa.

OUC-yya uaraH (point) ax yycraBpyygasp, XxapuH rap 60n0oH 6aniNHIMRH SHOAHT XaBTran (area)
rasap3ynH 6anpwwmnaap sarsapuuncaH. MHraxgas YnaaH6aatap XOTbIH HAAT HyTar A3BCrapUnr
1kMX1KM xapbLaaTan HUWAT 6,298 OO0 AepBerkUHA XyBaacaH. YTaaHbl anrapantbeir Macwtab
TopoHA Ganpnyymk, macwTab Tyc Oyp Hb simrapan XynasH aBary, 3HO33C HAPWUWH LLUMPXArnarT
TOOCOHUOpbIH (PM2.5) 3arBaphIr rapraxx aBcaH.

BaraHyyp, bBaraxaHram gyypryyauir 9H3 3arBapunang opyynaaryn. Cowwan Wmnakt
KOMM@HUAH HOeNMeennuinH YHINr3agHWM SUCUAH TannaHa ann epxyyaunH 3yyXHbl YyTaaHbl
anrapant, aaraspunH 6anpnan 6a uar xyrauaaHbl HapunBYuncaH Tamnbapseir opyyncaH. Hunt
200 ann epxunH yTaaHbl AnrapanTblH X3MXKWAT OOMOH 3YyXHbl SIHOAAHTUAH TOOCOHLOPLIT
X3MXKC3H y3yynantunr 6va 3areaptaa awwurnacaH. JQArasp ereranyyn Hb ynamknant 3yyx,
MCC-unH xeTenbepuninH xXypaaHg TapaargcaH camxXpyyncaH 3yyxHyyAblH SnrapantbiH Xy4uH
3ynnc 60noH rap, 6anlivH CyyuHbl XYUYUH 3YWANC 33PrUAM yTaaHbl gnrapantbilr TO4OPXONoxosq
awwurnargcad (PM2.5 rp/kr HyypC HaPKaap).
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HyypcHUA egpuiiH QyHOAX X3P3rnasHui XyBunr Togopxonnoxgoo Cowwman MIMnakt KoMnaHumH
HeneennunH yHanraa xuncaH 1,096 ann epxeec aBcaH acyymnrbir awmrnacaH. OH3 acyynra
cydanraa Hb xanaanTblH YNUMPAbIH Yeunur HaMmpblH agar cap, ©Bef, XaBpblH 3X3H cap racaH
rypaH Gynart xyBaax cyganraar saByyrncaH.

Yr cypanraaHbl acyynrbir 3yyxHbl Tepern OO0NoH cyyuHbl Gangnaap Hb aHrunaH yTaaHbl
AnrapanTblH X3MXK33r Lar TytTamg TOOLCOH. QH3 Hb 3yyXHbl rannaraaHbl ropum, ranaa Tynax
YEWIH yTaaHbl anrapanTbir XaMXMX 33par y3yynanTyyaa3p TOAOPXONIICOH.

MCC-uitH camxpyyncaH 3yyxHbl TapaanTtblH cyganraar XaaH baHnk, Xac BaHkHbl M3433mnn33c
awmrnacaH. 9Arasp M3423nang Ayypar, Xopooroop TapaacaH 3YyXHyyAblH TOO, Tepern 33par
mMagaanan 6arrcaH 6angar. MCC-uinH camxpyyncaH 3yyxHbl TapaanTbir XOPoo TyCc O6ypasap Hb
aHrmnad 1kmx1km MacwTabaap OpyyrmK TOOLUCOH rasap3yvH MagaannunH cuctem (GIS)
awumrnacaH.

3p XOpoonnblH XOPOOAbIH 3ax XA3raapbir 36BX6H XYH am CyypblLUCaH XOpPOOAbIr rasap3yuH
3ypart opyyncaH. HUAT rap XOpoonsibiH 3yyxTanm ann epxyyaumir xopoo Tyc Oypaap Hb raprax
2012 OHbI ain 6pXUNH TOOMNMOro4 OPYYJK, HAT OPX6L HAM 3yyX XaP3arnaxaap TooucoH (YHO3CHUN
CTaTUCTUKMIAH rasap, 2012). 2013 oHbl XKANKA-UIH M3A33MN3CH33P XOPOOAbIH F3p XOPOOMbIH
3yyxHbl T00 20%-aap ©cceH Too rapcaH bariHa. [asap3yriH banplunaap Hb XapyyrcaH yTaaHbl
anrapanteiH 3yparnang (Macwrtabaap xapyyncaH rasap3ywH Oavpwwun) 3eBxeH MCC-unH
TONeBnex 3apcaH 3yyxHbl yTaaHbl anrapantbir opyyncaH. Har macwtabg MCC-unH 5 6ornoH
TYYH33C 6ara TOOTOM 3yyXHYY/J OPCOH.

Huincnan gax Ham gapanTbliH 3yyXHbl yTaaHbl anrapantbiH erergnunr onox 6onomxryn 6ancaH
Tyn MCC-niiH caimkpyyrncaH 3yyxHbl yTaaHbl gnrapanaap aynuuyynaH Toounoo. MpasgyiH WwuHa
TEXHONOMMMNH 3yyxHbl yTaaHbl anrapantblr MCC-uitH camxpyyrncaH 3yyxHbl yTaaHbl anrapanTtbiH
O6yypyyncaH TyBwuHTOM (Cowwman WMnakT KoMNaHWWH TOOLCOH yTaaHbl SAnrapanTbiH
OyypyynanTt) agmn Xxamxkaardap OyypcaH 6Gamx xyesumap 6ogox opyyncaH. 2012 ong rapt
ambgapgar epxvuiiH 3yyxHbl TOO Hb rasap3yrH 3yprunH macwrtab gasp 2012, 2014 6a 2024
OHYYyAbIH XyBUnbap A33p eepunergex rapHa. bycag 6anwvHa ambgapaar epxyyasa MeH agun
6angnaap xvnMracaH. Ham gapantbiH 3yyx GOMOH MP33ayMH LUMHI TEXHOMOTUWAH 3YyXbIr MEH
agun rasap3ywH 3yparHbel Macwtab Tyc OypT Xurg TapxaaH TOOLCOH. ['9p xOopoonnbiH ann
epXYYA33C 3yHbl yNupang 3yyxHbl yTaaHbl anrapant 6anxryin rax TOOLLCOH.

N'ytTMkyHaa HapbliH 2010 oHbl yTaaHbl anrapantbiH TepnuuH 0.01°x 0.01° xapbuaaTaunraap
rasap3yunH barvipwunaap opyyncaH (l'yttukyHga Hap, 2013). Tunmaac aaraap rasap3ynH 3yprumr
Jaxumx TenesBneH 1kMx1kM GOMrOH eepyMImiK YHIMraar WWHIYN3H rapraBs. Ham gapantbiH 3yyx
OOMOH aBTO TAI3BPUMH XIPIrCAUNH yTaaHbl aAnrapantbir [YTTUKYHOA HapblH X3MXWNTI3C aBd
MOH 30XUX eepyYnenTyyauur opyynaH 3yHbl ynupang 3yyxHbl yTaaHbl anrapant Ganxrym rax
TOOLICOH. ABTO TO3BPUIWH X3PArCNUNH yTaaHbl anrapanteir 6yx ynupang agunxaH rax y3ax
XOHOTMWH aryynamMxXumH TooLox4oo (ernee O0MOH OpoW) avaannblH YEWWr Laraap YH3JC3H.
2012 oHA XOPOOHbI TEBLUMHA XYH aMbIl ambpax CyyUHbl Tepreep Hb (rap, 6anlimH, opoH cyyL)
1kMx1KkM mMacwTabT GarTaaH rasap3yvH 3ypart opyyncaH. 2012 oHf rapT ambaapgar epxXunH
npragnnH 2012, 2014 6onoH 2024 oHyyabiH XyBunbapyynd 039p OHOO Jaraaj eepunergeHe.
BanwuvHa ambgapgar epxunH TOO OHOO Aaraapg XyBunbap Tyc 6yp g3sp eepunergeHe. OpoH
cyyuaHa ambhapgar epxXuiH TOO MeH TeneBnecHWh pJaryy wmacwTtab Tyc Oyp Asap
eepuynergeHe.

Wiinxyy xyBunbGap Tyc OypuiH 3arsapynanbsir XssHanTbiH y3YyNanTyyaTan XapbLyynaH yYHaNmao.
XsHanTblH O3NrAPaHryn magsanan xaHrantryn 6anpar. Knwaanban 2012-2013 oHbl X00OpoHA
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XanaanTtblH YAMPIbIH HapUNUH LIMPX3rNArT TOOCOHUOPbLIH (PM2.5) XWHMMIH aryynamxuimH
M3J33r 36BXOH HIr raspaac (araapblH YaHapblH X3MXWNTUWH cTaHu-2 — UBO02) uyrnyyncaH
Oargar. 3H3 cTaHL Hb TeB 3aMblH Ayaryy 6anpnantan Tyn 3aMblH X646MreeHnin TOoC LLOPOO Hb
ux OarvcaH yypaac 3arBapunanaap YYHUAr XOOpPOHA Hb snraH yHanax 6onomxrynm Gawnnaa.
TyYHUN3H ragaaj OpYHbl araap Aaxb HAPUWH LUMPX3MarT ToocoHUopbiH (PM2.5) magaannunr
Ekorpadp (Ecography) 6onoH Exkosopng (Ecoworld) komnaHuac aB4 xapbuyyncaH. OArasp
komnaHuyg Hb MCC-tan 6anryyncaH ropasHuMn YHACOH 433D MIO33MNYYOUNT Hb LYyrnyyncaH.
[doax aBcaH rasap, apradnan, YHOCA3H Yyp AYHMMAH y3yynanT 33par Hb Cowwan Wmnakt
KOMMaHUNH HONeesnnMiH YHIMNIT33HUIA 3UCUAH TahnaHg OpPCOH. J3Arasp xamkuntyyaguir 2013
OHbl 1 Oyrasp capblH 22-HOOC 4 Oyraap capblH 22-Hbl ©4pUAH XOOPOHA rap XOPOONIbIH ann
epXYYAUH ayHa 6anpnyyncaH 4epBeH X3MXUMTUIAH LI3raac aBcaH.

HapuiiH wnpxarnart ToocoHuopbiH (PM2.5) pasxuir 24 uarMiH Typll LWyyrd wyynTtyypT
(eapwiH 12 uaraac gapaa egpuiH 12 uar XypTan) X0€pooc rypBaH eapeep Lyrnyymx, HapuiiH
LWMPXArNarT TOOCOHLOpPbIH (PM2.5) XUHMMIAH 6ONOH XMMWIH Harkpnarbir WNHXUICAH. 2013 OHbI
1 Hargyraap capblH 22-Hbl eapeec 3 Ayraap capbiH 2-Hbl 64PUNH X3MXKUATIIP LyrnyyrcaH
ereranyyannr 19 93 awwurnad 3arsapyuncaH. 2014 oHO TenesBneceH anrapanTbiH
xarcaantelr MCC-unH camxpyyncaH 3yyxHbl XOpoo Tyc Oypasp TapaacaH ©Oangnaap Hb
TOOLICOH 6a rap XopoosnnbliH ann epxyyaunH ynamxknant 3yyxelr MCC-aac aBcaH M3A3annumnH
Jaryy TOOLOX OopyyrncaH. XaMXUNTUIH uar Tyc 6yp 033pX HapuiH LWIMPX3rN3arT TOOCOHLOPbIH
(PM2.5) pyHpax xawmkasHyygunr 3ypar B1-unH Hargyrasp ©OaraHag (xap) xapyynca.
XYCHAITa3C XaMXKUNTUIAH USryyauiH y3yynanTyyg X00poHO00 3epyyTan Ganraa He xapargax 6a
30r33punH 3epee Hb 50% opunm GanHa.

[oaxumnr aBax uar XOOPOHAbIH 3aWr OyHAaX aryynaMmXunH X3MXK33TaW Hb 3arsapuunca.
TyyHUN3H 1 ayrasap capbiH 22-Hbl 64peec 3 Ayraap capblH 2-Hbl ©4pUIAT XypTanx 6yx egpyyaunr
xapyyncaH 3ypar B1-unH xoépgyraap ©OaraHag (caapan) xapyyncaH. 3arBapunang OpCOH
aryynamx Hb XaMCaH 60auMT TOOH yTraac 6ara 3epyyTan 6a cTaHUyya XOOpoHAbIH 3epyy bara
OanHa. NitHxyy xoopoHOo0 3epyy baraTai Gairaa Hb gapaax wanTtraaHTan 6amk 6onHo. YyHAa:
34r33p CTaHuyyd Hb X3aMXWNTUWH angaa raprax 60nomxTown, 3arsapynan Oyx waapgnaratan
M3O33NMNunr GyraMir He OpPYYIK Yagaaryn, Har uaraac Heree UarMnH XOOPOHZ X3IMXMAT
XypumTnargcaH 6avx maragnantan 33par.

[[3p xOpoonnblH 3yyx, HaM AapanTbiH 3yyX, aBTOT33BPUAH X3PIrcnNuUMH yTaaHbl snrapantbiH
XAMXUNT Hb 2.85 K03 PMLMEHTOOP MXICCIHMIT 3areapynangaa opyysbk TOOLCOH 6a 3H3 Hb
06pPBeH XaMXMNTI3C 3arsapunang WumkKux xapbLaa oM.

3ypar b1-uinH rypaegyraap 6aranag (uaraaH) macwtabT OpyyrnCHbl Aapaax HapuiH LUMPX3rnarT
ToOoCOHUOpbIH (PM2.5) aryynamxuiiH 3arBapuynansir xapyynnaa. OH3 cydanraaHbl yTaaHbl
anrapanTbiH M3A33MMUAH LyrNyynrbiH angaa Hb 2010 oHbl XXAVKA-UIiH yTaaHbl anrapantbiH
uyrnyynantaac rypas gaxuvH ux, 2010 oHbl ['yTTMHAa HapbiH cyfjanraaHaac MeH [ooryyp
rapcaH. YTaaHbl gnrapanTbH TOOMMNOro MacwTabbir UX3crax sABUaA SAr3ap 39X YYCraBpyyAa
OMPONLOOroop rypBaH HANK33p ecy baicaH. daraap raspyya Hb 2010 oHbl XKAVKA-MItH XUINCaH
XamxunT, NyTTukyHaa 6onoH 6ycag apAaMTIAMAH XAIMXKUIT XK BancaH raspyyaran mxun oM.
OH3 cypanraaHbl XYpasHA awurnax Oyn aaraap anrapanTtbliH XOMXUATYy4 60OUTON rax y3ax
wantraaH Hb XaMIMMUH CarH TOOMNMOrO-XAMXUAT XMWC3H X3C3ar UJryya’ac ascHaap
TannbapnargaHa.

LlaxvnraaH cTaHubliH yTaaHbl AnrapanTbir rasap3ayiiH 3ypartaa opyynaaryi yump Hb XXAUKA,
l'YyTTUKyHOA HapbliH cyganraatanm XonbooTon oM. [3p XOpPOOMMbiH ann epxyyaumH 3yyx, Ham
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AapanTblH 3yyX GOMNOH TI3BPUIAH X3PIrCNUNH yTaaHbl ANraprbir ra3ap3ynH 3ypartaa opyyrk
XyBunb6apyyn 433p 3arBapbIr Hb rapracaH.

HapuiH wunpxarnart ToocoHUopbiH (PM2.5) xamxaa
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3ypar B1. 2013 oHbl 1 Oyrasp capblH 22-Hbl egpeec 3 gyraap capbiH 22-Hbl 64PUIAT XYPTAN XyrauaaHza
OB6PBEeH L3raac XaMXC3H ereraer.

Mapaag op4YHbl araapbiH YaHapblH 3arBapbiH YP AYHIYYA

3ypar b2-1 xyBunbap Tyc 6ypuiiH xyntHUM ynupnelH (10 capaac 3 cap xypTan) ragaazg OpudHbl
araapblH GOXMPANbIH HApPUWH LUMPX3rNArT TOOCOHUOopbIH (PM2.5) aryynamxunr xapyynnaa.
XyBun6ap 2-blH XyBb[ XaMIMIAH UX AYHOAX aryynamx Hb GuaHuin 3arsapaap ~3 Mkr/m® 6aiicaH
yump TyyHUM 2024 OHbI Yp OYHT OpYYynCcaHryi.

3ypar B2-T xapyyncaH rypeaH xyBunbapblH 3areapT YnaaHbaatap XOTblH X3MXK33HA XaMIUnH
UX yTaaHbl snrapanTbiH aryynamxrtalm X3C3r Hb AP XOPOooSnblH (SHMMWH rannaraatan 3yyx
6ONoH Ham JapanTblH 3YYyXbIr X3PIrnagar) X3Car MX3BYMAH opwaor. Yr 3arBap Hb HapumH
LUMPX3rN3rT TOOCOHUOPbIH (PM2.5) aryynamMxuiH mMx 6ara X3amxaar rap XOPOOSSbIH X3Crasp
XapyyricaH oM. ©preH uap xypasar xampyynaH XMINC3H 3H3 cyganraa Hb rajaaj OpyHbl araapbiH
boxmpanbiH aryynamx O00noH xyBunbapyyabir XapbLyyDK TyXalH OpPYMH Aaxb XYH aMmblH
OPTONTUIT Hb XapyyncaH. XycHarT B1-4 HUMT XyH amMblH TapxanTtaap Hb Xxapbuyymk esen 6a
3yHbl ynupanbiH QyHOAX, ragaag opyYHbl araapbiH HAPUWH LUMPX3rNArT TOOCOHLOpbIH (PM2.5)
aryynamxuvnr xapyyricaH.
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XycHart B1. XyBunbap Tyc 6ypuinH eBen 60510H 3yHbl YNUPIIbIH ragaaj OpYHbl araapbiH
B6OXMPANbIH HAPUIH LUMPX3rN3rT TOOCOHLOPBLIH (PM2.5) XnnuiH ayHAax XaMxaa

sap  Spuuean Comuupan | S Oron o
2014 — Cyypb TYBLUUWH 6 138 137 144 133
2024 — Tenes 2013 19 163 162 169 161
2024 — Xysunbap 1 12 69 70 72 68
2024 — Xysun6ap 2 10 12 12 12 12

Xysunb6ap 1-uinH esen 6a 3yHbl ynupang 2024 oHA XyH amg, HOrgox gyHaax aryynamx 60%-aap
6yypHa. 2024 oHp 69 mkr/m® Baiiraa xaanii 4 3H3 JyHAAX X3MXK33 Hb WX X3B33p GaiiHa. 3ypar
B3-T eBnuIH ynupnbiH ragaag OpuYHbl araapblH OOXMPANbIH X3MXK33r XYH amp XUHM3CAH
bargnaap xapyynnaa. XyBunbap Tyc Oyp 439p XyH ambiH 10%-uiH TapxanTTan X3CruiH
ragaag opuHbl araapblH HAPUIAH LLUMPXArNarT ToocoHuopbiH (PM2.5) aryynamx ~50% 6awraa Hb
XycHarT B1-uiiH gyHpax y3yynantaac ux dariHa.

©BnuitH ynupan
PM2.5
UB4 canxu

2014 Cyypb TyBWMWH 2024 Tenes 2013 2024 Xysunbap 1

Xamxaa, mr/m3

oo
[ ] 250
[ 50-10
T 1002
B 200

3ypar B2. XyBunbap Tyc GypuiiH ©BNUINH yNMPIbIH ragaaj OpYHbl araapbiH 60XuparibiH HAPUIAH
LUMPX3rMarT TOOCoHUOopbIH (PM2.5) aryynamx

#2024 oHbl Tenes 2013-bIH 3yHbI YAMPIIBIH HUAT XyH aM, ©BIWMIAH YIINPALIH HART XYH aM, 8BMUIH YIIMPIILIH 3P CyyLaHa aMbaapaar
XYH am, eBMUH yNupnblH 6ailwmnHg ambaapaar XyH am G0foH eBnUiAH yNypribliH OPOH CyyLaHa ambAapaar XyH amblH 3arsapT
opyyrcaH TOOH yTra Hb 9, 153, 152, 159, 151 mkr/m° 6aiie. 2024 OHbl XyBUNGap 1-MidH 3yHbl YMUPTbIH HUIAT XYH aM, eBIUiiH
YAVPIbIH HUAT XYH @M, ©BNUVAH YNUPIbIH F3p CyyLaHA ambAapAar XyH am, eBruiH ynupnbiH 6anwmnyg ambaapgar XyH am 60moH
©BMUIH YNIMPILIH OPOH CyyLiaH aMbaapaar XyH amMblH 3arBapT OpyyricaH TOOH yTra Hb <2, 59, 60, 62, 58 Mkr/m° 6aiis. 2024 OHbI
XyBunbap 2-blH 3yHbl YINPIbIH HANT XYH @M, ©BIUAH YIUPIbIH HUAT XYH @M, ©BIUAH YIUPIbIH APT aMbAapAar XyH aMm, eBrnuiiH
yNvpnbiH 6ainHA aMbaapaar XyH aMm 60MoH eBNWIAH YIMPIbIH OPOH CyyLanA ambAapAar XyH amblH 3arsapT OpyyJicaH TOOH yTra
Hb <1, <2, <2, <2, <2 mkr/M° 6aliB. DArasp TOOH YTryyabIr awmrnaxaaa 10 MKr/m® XypTanxuiir TooLox 6yca/ araapbiH 6oXupanbIH
9X YYCBIpyyauur opyynaaryn 60nHo. VHracHasp 3amblH TOOC, YANABIPIIANaaC 39X YYCBIPTaW araap Goxupayynard, canxvHaac
YYCC3H TOOC 33pruMir HANT3Z Hb XaMpyyrnaH TOOLICOHTOW aawus oM.
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3ypar B3. ©BnuiiH ynupang xyH ama HOrgox ragaaj opyHbl araapbliH 60XMpAnbIH HAPUAH LUMPXIrNarT

TOOCOHUOpLIH (PM2.5) xamxaa
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XABCPANT B.
A0TOOA4 OPYHbI ATAAPbIH BOXUPAJIbIH X3MX33

JoToon opyHbl araapblH 6oxupgong 2.5 MukpoHooc (MKM) ©ara ronyTon HapuH LUMPX3rnarTt
TOOCOHUOpPbIH (PM2.5) xamx33 cyyLHbl Tepen, XxanaanTbiH 3X YYCB3pP, TAMXMHbl yTaaTan OpYuMH
OOMoOH ynupraac Hb xamaapyyrnaH TOoouOoOnnoo. JOHAaxXyy cyganraaHg YnaaHb6aatap xotoa
OypTrargcaH Oyx TepnuiH CyyuHbl aHrnneir 6arraacad. Tyxann6an rap, 6anwmH 60N0H OpoH
CyyL raCaH Tepnyyanir xampyyncaH. CyyuHbl TOpnMAH HapuiByunicaH Tanndapeir Xascpant A-
[ opyyncaH.

OynaaHbl 3x yycBap, TamxupanTt 6a 4OoToo4 OpYHbI araapbiH 60XMPANbIH 3arBapynan

AnbaHbl MapraxunTHyya O60MOH araapblH YaHapblH Tanaap MOpPrawcaH cyanaaybiH
TOAOPXOWSICHOOP HWWCNANUWH XanaanTblH YHAC3H 3X YYCraBpyyd Hb HYYPC3H rannaraatan
ynamxknanT 3yyX, 493paacaa rannax axangar 3yyx (6nsun, Xac, [en), xarac KOKCKCOH HYYPCaH
3yyX, HaMm JapanTtblH 3yyx xanaantblH 3yyx 60MOH TeBWWH XanaanTblH CUCTEM 33par GOrHO.
MCC-unH 3pumm xy4, Banranb opuMH TOCAUNH XYPI3HL A33PI3CII rannax axangar 3yyxbir
ynamxxnanT 3yyxTan xapbuyynaxag yTaaHbl Aanrapant Hb xapbuaHryin 6ara 6ancaH tyn “MCC-
WAH camxpyyrncaH 3yyx” ra) HapnaH TOOLOOHA0O0 opyynnaa.

CypanraaHbl 6ar Gycag caxpyyrncaH xanaanTtblH X3parcnuinr (XuiH, uaxunraaH 6onoH 6ycan)
Tycag Hb Har Tepen OOMroH OpyyrmK, 3aCrMAH raspblH 3pYUM Xyd, AynaaHbl 39X YYCroBpumnr
XONKYYNax TeneBnereeH i opyyrax 60moMXKToON xyBundapbir 60N0BCPYYIIK YYHUAMI “UpasaymH
LWMHS TEXHONOMMNH 3yyx” rax HapnaH MCC-unH cavxpyyrncaH 3yyxHbl yTaaHbl fnrapanTbliH
OyypanT p[93p Hamx Oyypyynaxaap Teneenex opyyncaH. Xascpant b-g MCC-uiH
camkpyyncaH 3yyX Hb 36BX6H rap 60roH GaiuH cyyuaHa TOXMPOMXKTOM, HaM JapanTbiH 3yyX
Hb 36BXeH OalliuH cyyuaHa TOXMPOMXTOW, XanaanTblH 3yyX Hb 36BX6H OpOH CcyyuaHA
TOXMPOMXKTOM F3C3aH XxyBunbapyygaap TooucoH. TeBunH xanaant 6a 6ycag camxpyyncad
XanaanTblH TEX66PeMXYYAUNT 36BX6H OPOH CyyLaHa aluurnaxaap opyyrcaH.

AxurnarygblH caHan 60nNrocHOOp HUNCA3AMWAH OOTOOA4 OpYHbl  araapbliH  ©OXMpAnbIH
aryynamMmxuiH XaMX33 Hb XanaantblH TeXeepemX, AaM TamxuaanT 33praac ronfoH xamaapu
6anHa. VIxaHx rop 6ornoH 6avimnH CyyuHyyd Hb HapumH sHOaHTah Hyypc 60moH mopoop
rannagar 3yyxaap xangar. SAraap 3yyxHyy Hb XapbLaHryh UxX XaMXKXI3HUN HAPUIAH LUMPXIrNarT
ToocoHoupbir (PM2.5) gotooa 6onoH ragaag opuuHg anrapyyngar (KosnuH Hap, 2005). MeH
TYYHYN3H MoHron ync Hb Tamxu TaTanTbiH TyBWUWHreep eHaep Oywy 15-aac g3sw HacTtan
3PArTanyyyamiH 65%, MeH HacHbl aMArTanyyyaunH 21% He Tamxm Tatgar 6ariHa (banranmaa
Hap, 2006). MCC-uinH 2013-2014 oHA HUNCNANA XUNC3H acyymXK cyfanraaHaac HUMT 6anwvHa
ambgapgar ann epxuiH 58%, rapt ambgapgar epxunH 62%-g 6araap ToOLOX04 HAr XYH TaMxu
TaTax GamHa racaH AyrHant rapcaH 6avHa (Cowwman Wmnakt, 2013a). OpoH cyyuaHg
ambgapgar epxyyas4 9Haxyy cydanraa xuirgaaryn 60noB4Y OMPOSiLOO TYBLUMHTAIN X Y33X
60nox oM.

CypanraaHbl GarMnH TOOLICOHOOP [AOTOOA OpPYHbl araapbiH OoxupanbiH cyganraaHg HUnT
OPXUIH XyBbA Tamxu TaTanT 60%-tan 6anraa He JOMBbB-bIH cTaHgapTaac eHgep 6anHa (AOMB,
2009). Monron yncag 6atnargcaH ONoH HUMTUIMH ra3ap TaMxu TaTaxbir XOPUINOCOH Xyyrb Hb
dam TamxuganTblH epTenTunr 6aracrax Oariraa 60n0BY XyBb XYHUIN OMNOH HUATUIH BycC rasap
Tyxannban raptaa Ganxgaa pam Tamxugantag epTtex 6Gampgang Hemneenexryh tom. bug
cypanraaHgaa 2014-2024 oOHbl XOOPOHA TaMxu TaTanTblH XYBUMUAT eepunergexryn ©Oavixaap
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TOOLUCOH. [loTood Op4Hbl araapblH 60XMPAON4 HAPWAH LUMPXArNarT TOOCOHUOPbIH (PM2.5)
XAMXK33r rap, GallimH cyyuHaac X3MXWNT aBy TOAOPXOWMACOH. JH3 xamx3ar MCC-uiH rap
XOpOoornona ambaapgar epxyyauiH 3yyxHbl Tepen 60M0H JOTooA OpYHbl araapblH 6oxupgon,
AaM TaMxuaanTblH X3MX33r TOITOOX cyAanraaHbl Xypa3HA TOOLUCOH. [loTooa op4Hbl araapblH
BOXMPANBIH XaMXUNTUIAT XmMxaad 2012-2013 oHbl XOOPOHA rypBaH yaaaruiH acyynraap 1,096
epXxeec aBCaH acyymx cydanraaHf yHOSCNacaH. YnaaHbaaTtpblH xoTbiH BagHron, BasH3ypx,
UuHrantan, XaH-Yyn, CoHrmHoxarnpxaH, Cyxbaatap OyyprunH npragaac caHamcapryn TYyBPUMH
apraap acyymx cypanraar ascaH. bagHron gyypar xaMruiiH nx araapbiH 60xvpaonTon gyypar
baricaH yuypaac MCC-uiH camxpyyrncaH 3yyxbir Tapaax ron uar 6ancaH Hb Gycag oyypryyaasc
oHunor Gamnaa. VHracHasp araapblH 60xupAnbiH XaMXaar xypaaH Oyypyynax Tap Tycmaa
©0OXMpAON HANT XOTOOP TapaxbIr baracax 30punroton GarncaH oM.

Cypanraang xampyynax MCC-unH camxpyyncaH 3yyxbir awwurnax Oyn epxumr COHroxgoo
XaaH, Xac OaHKHbl >Xarcaantaac caHamcapryi TYYBPWUIWAH apraap COHIOCOH. WMHraxgss awn
epxXyyannH xaaruir HuirmmnH Xamraanan, XegenmepuinH Aamubl (TyxanH yeuiH) 2010-2011
OHbl YnaaH6aaTtap XOTblH F9p XOPOOMNbIH GYpTran M3Ad3MNUiAH caHr awwurnacaH'. [oToon
OpYHbl araapblH GOXMPANbIH X3AMXKMATUWAM orponuooroop 14 uarmiH Typll X3MXC3H Gereef
JaBTaH XaMXuUnTasp HUAT 216 ann epxen oponHooc erneeHnin 8:00 uwar xypTan XaMXUNTUAH
Garaxyyablr CyypunyymK XaMXCaH. ©pXyyaunr caHamcapryi TYYBPUWH apraap COHroX aBcaH
wantraaH Hb ynamxnant 6onoH MCC-uinH camxpyyncaH 3yyxbIlr XxapbLyyncaH CTaTUCTUKUIH
HapUMBYMICAH YHANIa3 xmnx asgan 6arnnaa.

XycHart B1. [loToon OpYHbl araapbiH YaHapbIr TOAOPXONICOH ©PXUNH TOO

Ynamxnant enaun Xac Den Hunt
Map 34 36 0 25 95
BanwuH 32 32 36 21 121
Hunt 66 68 36 46 216

Mp 6a GaNWKUHIMNH OO0TOO4 OPYHbI araapblH XAMXKUATUAT XUNXA33 VXU TOPSMIAH Baraxuinr
(TSI DustTrak Il Aerosol Monitor and TSI Q-Trak CO/COZ2) TyxawH rap 60noH 6anNHIMIAH ron
xacart, 1.5 mMeTp eHOepT XYHUA ambCranbiH TYBLUMHL TaBbX X3MXC3H. HapunH wunpxarnart
TooCOHUOpbIH (PM2.5) xamxaar “TSI DustTrak Il Aerosol Monitor” 6arax, 37mm PTFE (Teflon)
2.0 MKM HYXTOW WyynTyyp awwurnaH x3amxcaH. DustTrak 6araxuir XyHOWAH >KUHTUIAH
(gravimetric) pgaax uUyrnyynax apraap TOXMPYYMK Xarac yprafkuncaH (semi-continues)
M3O33NANNAr uyrnyyncad. Xarac ypramkuncaH (semi-continues) CO/COz-unH xamxunntunr “TSI
Q-Trak 7565/7575 CO & CO, Monitor” barax awurnaH xvicaH. byx 6araxHbl ypcranbiH XypabIr
“Dry Cal flow meter’” awwrnaH yHACOH cCTaHZapT TOXMProo XWUWH X3MXKC3H. TOOCOHLOPbLIT
LyrnyyncaH WwyynTyypuir mukpobanaHcTam epeeH XaMXUnTumnH emHe O60MOH XOnMHO 48 uaruiiH
AOTOP XUTHIK, HUAT 9 XICIAr XAMXUNTUAH MIO33HUA BOXUPANbBIH X3AMXI3r LYyriyyncaH.

" Yugachuit CtatucTukuitn TaspeiH [lapra 6ornoH Xepmenmepwith CaifblH xamMTapcaH Tyluaanaap “apraynarn, acyynTsiH (popMm
60noH acyynTbir 6ernex 3aasapuunraa’-r 6atnyyncan — 2010 oHbl 4 oyraap capbiH 5-Hbl 84ep.
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OOrasp XaMXCaH erergneec gapaax 3arsap awurnaH 60xXMpanbiH XaMX33r TOOLCOH. MHraxaaa
3yyxHbl Tepneec xamaapcaH yTaaHbl sinrapant OOMOH gaMm TamxuganTtaac YYOC3H AoToon
OpPYHbI araapblH X3MX33r TOOLICOH (XyCHarT B2).

[oTtoon PM2.5 = 3¢ + B1 X Ynamxnanm + B, x [Jam mamxudanm

JoTtoon PM2.5 [JoTtooa oOpyHbl araapT aryynargax HapuiH - LUMPX3rnart
TOOCOHLIOPbIH (PM2.5) AyHAax Xamxad (MKI/M® LWeHUAH XaMXUNTIap),

Bo MCC-uiiH camxpyyrncaH 3yyxTan epXwiH A0TOOA OpYHbl araapT aryynargax
PM2.5-bIH gyHO@X X3MXK33,

B+ Ynamxknant 6onoH MCC-uiH camkpyyncaH 3yyxTanh epXWiH [0To04 OpYHbI
araaprt aryynargax PM2.5-bIH oyHO2X X3aMXa3,

B2 Tamxu TaTtpar GOMOH TaTAarrym epxviH O0Toon4 OpuYHbl araapT aryynargax
PM2.5-bIH AyHOQX X3MXKI3HUN 36pYY.

Ynamxnant 3yyxtan 6onoH gam tamxugantbir 0=yryn; 1=TuimMm rax asHa. JloHXuTygmHan
00T00 4 OpYHbl araapblH BOXMPAOSN HAPWUNH LUMPXIMNAIT TOOCOHUOpbIH (PM2.5) xamxnntag eep
cypanraaHg 6ac xampargcaH amn epxyyd OpCoH 6a 3arasp awn epxyyasa LWeHWH TypLl
XAMXKMNT XWiicaH'®. LLUeHMitH TYpPL XMWATACIH X3IMXWUNT Hb 24 LarviH gyHOaxTtanm TaHuax 6a 1
Ayrasp capaac 4 gyrasp capblH XOOPOHA AYHOXUWAT Hb OOACOH.

JoToon op4Hbl araapbliH 6oxupanbiH OyypanT Hb FAPUAH X3IMXUNTUNH PErpeccuiiH AYHraac
rapcaH 6a rap, 6anwuH cyyubir wxkun 6angnaap TooucoH (XycHart B2, B3). lUeHunH uaraap
00T004 OpYHbl araapblH O0XMPAOMbIH HAPUIH LWMPXArMNAIT ToocoHuopblH (PM2.5) gyHpax
X3MX33r rap, GailluMH CyyLHaac WXWN apradynanaap XoMxcaH (14-18 GonoH 13-17 mkr/m®).
3C3H x8amn 4 ynamknanTt 3yyxTan OavwuvHg ambgapgar ann epxyyauiH OOTOO4 OpYHb
araapblH 6OXMpANnbIH OyHOAX X3OMXK33r Hb Bbycaaacaa 6ara 6ancaH. HUNMT xaMXmnnTtaac rapcaH
TOOH yTra, Yp AYHIYY4 Hb XapunuaH sinraatan 6ancaH 6ereepf rap OynuiH ruwyyaunH XaH Har
Hb TaMxu TaTAar aun epxyyauur Tycag Hb X3MXUX34 rap, OauwunH cyyutan ann epxyyauiH
X3aMXUNTWIAH yp AyH aaun 6Gaitnaa (13 GonoH 14 Mmkr/M°). YnamknanTt 3yyxTait GailumHg
ambgapgar ann epxyyauviH 4oToo4 OpYHbl araapbiH GOXMPANbIH X3MXKI3r ynamknanTt 3yyxtam
ropT ambgapaar 6onoH MCC-uitH camxpyyncaH 3yyxtan 6anwmHg ambgapaar aun epxyyaasac
Oara 6aliraa Hb gapaax YHAC3H WwanTtraaHTan 6amx 60nHo:

YyHA:

1. Ynamxknant 3yyxtah OanwuHg ambgapgar amn  epxyyounH HapuiH - LUMpXarnart
TOOCOHUOpbIH (PM2.5) Har egpwiH anrapanT Hb AP CcyyuHbixaac ux, MCC-unH
camKpyyrncaH 3yyxTan ann epxyyaaac xapbLaHrymn nx.

2. HoToon opyHbl araapblH CO-UMIAH X3MX33 Hb OyX TOPNUNH 3yyxTawm rapT ambgapgar

epxyyasa wux, ynamxknant 6onoH MCC-uiiH calkpyyncaH 3yyxTan epxyygaunH
GoxmpanbIH 3epyy eHaep.

'® [pelo Xunn, Pydyc 3asapac, Kupk CMUT Hap MOHIon YnceiH HUIACNANWIH Fap XOPOONTbIH HYYpCcasp rannazar 3yyx 6a HapuiiH
LUIMPX3INArT TOOCOHOLOPbIH (PM2.5) NoHxXuUTyaMHan yHanras cyaanraar YPrarmkyynaH Xxuink 6anHa.
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XycHarT B2. [lotooa opyHbl araapbliH 6oxupanbeiH 3arsapynan. MCC-uiiH camkpyyncaH 3yyx
6onoH Ynamxnant 3yyx — [[ap cyyuaHg

KoadhduuneHT (MKr/M3) CraHgapT angaa (MKF/M3) P ytra
MCC-uiH camxpyyncaH 3yyx 124.7 19.8 1.102 e-8
YnamxnanT 3yyx 23.4 247 0.346
[opTaa Tamxu Tataar epx 40.4 246 0.104

BazeapbiH p ymea: 0.113, n = 94 23p cyyy

Lomood opyHbl azaapbiH 60xupdnbiH KoaghpuyueHm Hb 2013-2014 oHbl eenuliH ynupand a3p cyyuaHo
XamMxcaH OyH tom (18.00-08.00 yazuliH x00poHJ)

Bua saraag ynamxknanTt 3yyxTan 6anlumH CyyLHbl OTOOA OPYHbI araapblH 6OXUPANbIH X3aMX393
Hb Oycan ynamknanT 3yyxtanm rap cyyy 6onoH MCC-unH camxpyyncaH 3yyxtan 6aniuH
cyyuHaac 6ara rapcHbir Tanmnbapnax Gonomkryh ©Oavnaa. QH3 Hb Garaxunr Oypyy rasap
GanpnyyrncaH, TyxaH cyyL OfOH epee, Tacanraatan 60N HapunH LLUMPXIrN3ArT TOOCOHLIOPbIH
(PM2.5) anrapant 6ycapn epeeHAee TapxcaH 33praac wantraamk 6onHo. Minmg onoH epee
TacanraaTaW, ynamxknanTt 3yyxtan 6anwuH CyyuHbl cydanraar uaawug  yprorpkayynax
Wwaapgnaratam oM.

Togpyynra: MCC-unH camxpyyncaH 3yyxbIlr ynamxknanT 3yyxTah Xxapbuyynaxag rap CyyuHbl
00T00 4 OpYHbl araapblH GOXMPANbIH XaMX33 Hb 16%-aap Oyyp4y 6anHa. MeH TyyHUnaH rap 6a
OalWwunH cyyutalm ann epxyyounH JoToo4 OpuYHbl araapblH OOXMpAOSIbIH  X3MXK33 agwun
XaMX33raap 6yypcHbIr 3arBapynanaap xapyynas. Ham gapantbiH 3yyx 60M0OH xarac KOKCXCOH
HYYPC3H 3yyXblH Taraap OSIOH HWUWAT ynamxnanTt 3yyx WNyy rax AyrHax 6GanHa. sy 6upg
00oaNTON XAMDKUATIYAIa3p TYYHUWAT HOTMAOX GONMOMXKIYA oM. OOrS3puUNr UdBap CamxpyyrncaH
XanaantblH Tepen rax y3ax 6onoxryn tyn MCC-uiH camxpyyncaH 3yyxTanm AynuyynaH
TOOLICOH. “UpasaynH LUMHS TEXHOMOIMMINH 3yyX” Hb 3axX 333M4 rapy MPH3 rax Y33H 34ra3p 3yyX Hb
ynamxnant 3yyxHaac MCC-uiH camxpyyncaH 3yyxHbl OyypyynTaH 033p MeH aaun XyBuap
HaMX Byypyynaxaap Toounoo. NpasaynH WKMHS TEXHOMNOMMIMH 3yyx Hb MCC-unH camxpyyncaH
3yyxHaac ~16%-aap 6yypcaH y3yynantraii (105 mkr/m?) Gaiixaap TOoL100.

Napaap OPYHbI TOOCOHLUOPbLIH HIBYUNT

lapaag OpYHbl TOOCOHUOPbLIH OOTOO OPYMH pYYy OPOX H3BYMNT Hb OTOO OpYHbl araapblH
OoOXMpAnbIH aryynamxua MX33xaH Heneenger 60noxbir ONOH cyanaavng XynaaH 36BLUOOPCeH
barpar (AnneH Hap, 2012). Nagaag OpYHbl HAPUWH LUIMPX3MNarT ToocoHuopbiH (PM2.5) notooa
OpuUMHA Y3YYiK Oy Heneer xampax XYp33HMWA HIBUMNATUWH Koadpduument (Fir — factor of
infiltration efficienty) ragar y3yynantasp xamxkgar (Ookepu Hap, 1981). HapumntuiiH
KO3hUUMEHT Hb ragaag opYHbl HAPUWH LUMPXIrNarT ToocoHuopbiH (PM2.5) aryynamx gotooa
OpPYMHA HIBTPSH, TOHASD YNAK Oy XyBb HOM. HIBUMNTUIH KO3DPUUMEHT Hb OOTOOL OPYMH
Aaxb HaAPWUWH LUMPX3rNarT TOocoHUopbiH (PM2.5) yyxan ax yycBap 6050x y4ymp TOOCOHLOPbIH
X3MX33 BOMOH 3pyyn M3aHA34 Heneenex 6ananbir HapMrH TOOLOX WaapanaraTan.

BanwmnH OOMNOH OpPOH CyyuaHd HApWWH LUMPXArNarT TOOCOHUOPbIH (PM2.5) »unuiiH gyHoax
HIBUYUNTUNH KOIPMPUUEHTUAT 3apMM TOMOOXOH XOTyyAaZd XWNCIH XIMXKUMTMWAT OGartaacaH
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EXPOLIS cypanraaHaac a4 awwurnanaa (XaHHuHeH Hap, 2004). bua cymanraangaa
YnaaHb6aatap xotton wkun yyp ambcrantan EXPOLIS cypanraaHg xampargcaH ®PuvHnaHg
YICbIH XenbCUHK XOTbIH TannaHg AypbAcaH AyHOaX H3BUYUNTUAH KO3PuUUeHTUIr awmrnanaa
(Fin=59%). EXPOLIS cypanraaraap OyTaH >XMMAWAH Typll OJIOH TOOHbI epxen 48 wuaruiH
HIBUMNTUNH X3MXK33r TOOLICOH Gampar. QHaxyy cyganraa Hb eep eep ynupang 6anwuH cyyu
©0MnoH OMnoH aaesxap OpoH cyyuHbl (58% Hb ONOH AaBxap OPOH CyyLl) anb anuHbIr XaMmpyyrcaH
TYyNn 34ra3p y3yynanTt Hb YnaaHbaatap XOTblH GanwwuH cyyl, 60MOH OPOH CyYLHbl XXUUIH
OYHO2XK HI3BUYMATUAH KOIMUUMEHTUWAT Teneernk dagaxyihy rax 6ug yscoH (PKaHTyHeH Hap,
1998). nmp GuaHuM cypanraa Hb BYTOH XUNUIH Typimng 6anwmH cyyl, 6050H OPOH CyyuaHg
TOOLICOH H3BYMUITUMIH KO3(PMOUUNEHTUIT alimrinacaH. OH3 X3aMX33 Hb WX yyp ambcrantanm,
OPYMH Hb TOCTAN CyyLaHa TOAOPXOWNCOH Fin-Tanm onponuoo 6annaa (JloHr Hap, 2001).

Bp cyyuaHa eBern, 3yHbl ynupang rap CyyuHbl HApWWH LUMPXArnarT TOOCOHUOpbIH (PM2.5)
H3BYMNTUNH KO3 DULMEHTUIT sinraaTan 6angnaap Toouos. Magaag 60M10H 4OTOOO OPYMH OaXb
HapWiH LWMPX3rnarT ToocoHUopbiH (PM2.5) aryynamxuinr xamrminH mxasap TIHLUBIPXKYYNAry Hb
LOHX, Xaanra OHronrox 60M0OH OOTOOA4 OpYHbl AnrapyynanTbliH 39X YYCB3pUUr apunrax yea
uxacgar 6onox Hb axwurnargas (AnneH Hap, 2012). MapunH xaanra ©G0MOH TOOHBLIT 3YHbI
ynupang ron TeneB OHropxon opxupor 6ereen 9H3 Hb araapXyynanTblH X3MXK33r eHaep
Gannrax, ropuiH Oypaacasp AamKuMx araapblH ypcrantanm XonbooTon WyyNnTUIr YHACIHAS Yryw
6onrogor rax 6ua y3caH. TYYHUNaH 3yHbl ynupang 3yyx 1ap Oyp awwurnaxryn yymp rap AOTop
TaMxuMHaac eep A0TOOA OpPYHbl araapbiH BOXMPASbIH TOMOOXOH YYCBApP Banxrym rax y3caH. QHI
Hb Bycag HyTar Aaxb ©BfUNH 60MOH 3yHbl YNNPAbIH HIBYUATUIH KO ULEHTTIN TecTan 6anHa
(NoHr Hap, 2001). Niama, 6ua 3yHbl yNUPnbIH HIBYUNTUAH KoadduueHTunr 100% rax Toounoo
(Finr=100%). Bua esnuinH ynupang Moxron ynceiH WY TUC-niiH cyanaayabiH TOrToocoH MoHron
OPWItH XaanraHbl HIBUYUNTUIH KoadULEHTWIAr awmmmanaa (Fin=70%)." Qna cypanraaraap
3HMMWH Adynaanra, sinaa WwyMyyrHbl TOp OyXUM MOHION rApuiH XaanraHbl XyBbJ araapblH
CoOnNUNUOOHbI TyBWKH n50 Ganraar xapyyncaH 6a yyHuir LlepmaHbl TOOOPXOWMMACOH apraap,
OavranuH araapblH CONMMALOOHbLI TYBLUMHA LUMIDKYYNSH TOOLICOHTOM wxun Gannaa (1987).
AraapblH CONUMNLOOHBI TYBLUWHI BunneamcbliH mypyir (Bunneamc Hap, 2003) awwurnad HapuiH
LWMPXArAarT TOOCOHOUOopbIH (PM2.5) HaBUMnTUIAH KOS DULMEHTUNT ONPONLOOIroop LUMITKYYN3SH
TooucoH. Watnan Ttyc OypunH gyHr XycHarT B4-T xapyynaB. OHS Hb X3OMWAraap LUUITKYYM3H
TOOLOX Terc apra Ouw 60moBY uMnyy cawH erergen 0O4ooroop O6amxrym Hexueng ©BrWUMH
ynupanga MoHron rap A9X HI3BUMATUAH KO3MPMOUUMEHTUAT TOOLIOX XapbUaHryn OOMOMXUT
Y3YYIANT rax 6ug yanaa.

HapuiiH wupxarnart ToocoHouopbiH (PM2.5) HaBUMNTUIH xacryyamnr 6yx OopoH cyyu, 605oH
XanaanTtblH U3B3p 93X YYCBIpTan 6GanwwuH, rapuinH xyBbA awwvrnacaH. bug MCC-unH
camkpyyncaH 3yyx, ynamnanTt 3yyX, Xarac KOKCXKCOH HYYPC3H 3yyx OOMOH Ham gapanTbiH
3yyxTan rap 60noH GanwmnH CyyuHbl JOTOOL OpYHbl BOXMPANbIH X3MX33I TOrTOOXA00 HAPUMH
WNPXArnarT ToocoHuopbiH (PM2.5) HaumnnTuir vxxun 6arixaap Toou100.

" MeHx6asip b., (xaBnaraaxaap 6anTrax 6yit). MOHron rapuitH xaanraHsl TypwmnT. 2013 ol 12 ayraap cap.
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XycHarT B4. ©BnuviiH ynupana rapuinH xaanraap H9BTPaxX araapblH H3BYMATUIH erergen 605oH
LUNITKYYNC3H TOMBEOHBLI OPONT, rapanTbiH TOOL00.

(LLlepmaH Hap, 1987; Bunbsmc Hap, 2003) "

. o HaunnTunH koadpmuneHT
BanranuiiH araapblH COMUMALOOHBI

AraapblIH : xepByynant: Finf=0.5571+0.1726In
conunuoo/uart TOOL0O, ©epunent /uar: (HMIAT xaMx33 GanranunH araapbiH
@ n50"° ACH=(ACH@n51%)é§§) (Wepmar Hap, CONUNUOOHBI TYBLWH) (Bunbamc Hap,
2003)
45 2.25 0.697

JoTooa opyHbI araapblH 6oxupaon

[aap aypacaH To0 6apumT, M3433nana yHA3CcnaH Tenes 2013-biH 4OTOOA OPYMH Aaxb HAPUMH
LIMPX3rNarT TooCoHUopblH (PM2.5) 24 uarmnH AyHAax X3MXKaar CyyuHbl Teper, ynupnaap
TOOLUOH rapranaa. agaag opYHbl HOBUUATUNH KOIPPUUNEHTUIT ynupan, XOHOrMAH anraatan
Oarignaap HapwWH LUMPXArNarT TOOCOHUOopbIH (PM2.5) ayHaax Xamxkaaraap TooucoH. Magaan
Op4Hbl 3arBap 60MOH AyHAaXnax aprbir TannaHMMnH Xonborgox X3acarT O3Nr3paHryn TycracaH
bonHo. MNagaag opyYHbl HAPUWH LWIMPXArNarT TOoCoHuUopbiH (PM2.5) gyHaax xamxaar ragaag
OpYHbI 3arBapaac rapracaH 6ereef XyH aMblH OpPLUMH CyyX Oyl cyyuHbl Tepneep (rap, 6anwmH,
OpPOH Cyyl), rasap3ymH OanmpLunbiH X3MX33raap (W00 AepBOrKUH HyO33p) XapbLUyynaH
TOOLUCOH. 3yHbl LarT xanaanT awuirnagarryi rox y3caH 6a [3sp OypAcaH 3areapT Adam
TamMxumganTblH AOTOOA4 OpPYMH Aaxb HapWUWH LUUPX3MNArT TOOCOHUopbir (PM2.5) 3yH, eBnuiH
YNUPMbIH anb anvHA Hb Wxun Ganxaap TOOUMNOO. YNUPIMbIH araapbliH 6OXMPANbIH X3MXKI3r
CYYUHbI Tepen, 3yyxHbl Tepen, TamxuganTelH 6angnaap He XycHarT BS 6a B6-4 xapyynas.

'® MeHx6asip b., (xaBnaraaxaap 6anTrax 6yit). MOHron rapuitH xaanraHbsl TypwmnT. 2013 oHel 12 Ayraap cap.
' MeHx6asip b., (xaBnaraaxaap 6anTrax 6yit). MOHron rapuitH xaanraHsl TypwmnT. 2013 ol 12 Ayraap cap.
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XycHarT B5. CyyuHbl 60n0H xanaanTblH TOPAWAT TamMxy TaTanTbiH Oaranaap rapracaH eBrviH
YNUPIbIH 4OTOOA OpPYHbI araapbiH 60XUPAMbIH XaMX33

[loTooa opyHbI araapbiH [loToop opyHbI araapbiH
BOXUPATIbIH XAMXKI3 — TaMXM  GOXMPATbIH X3MX33 — TAMXU

TaTparrymn (MKr/M3) Tatpar (MKF/MB)
Tenes 2013
MCC-uiH camxpyyncaH 3yyx 125 165
Ham papanTbiH 3yyx 125 165
"LlaBap" xanaanTt - -
Map 106 146
BanwmH 94 134
OpoH cyyy 89 129
Xysunbap 1
MCC-uiH camxpyyncaH 3yyx 125 165
Ham papanTbiH 3yyx 125 165
MpasaynH LWWHS TEXHOMOIMIH 3yYyX 105 145
"LlaBap" xanaant
Map 41 81
BanwmH 37 77
OpoH cyyu 34 74
Xysunbap 2
"LlaBap" xanaant
lap 1 41
BanwuH 1 41
OpoH cyyy 1 41




XycHart B6. CyyuHbl 60M0H XxanaanTtbiH TOPAWAT TaMxuy TaTanTbliH Gananaap rapracaH 3yHbl
YNMpPnblH 4OTOOA OpYHbI araapbiH 6OXMPANbIH aryynamx

[oToon op4Hbl araapbliH 60xnpanbiH [oTooa op4Hbl araapbiH 60xXnpanbiH

X3MX33 — TaMxu Tatgarrym (MKF/M3) X3MX39 — TaMxu Tataar (MKF/MS)

Tenes 2013

lNap 7 47

BanwumH 4 44

OpoH cyyu 6 46
Xysunbap 1

lNap 1 41

BanwumH 1 41

OpoH cyyy, 1 41
Xysunbap 2

lap 1 41

BanwuH 1 41

OpoH cyyu 1 41

MCC-uitH camxpyyncaH 3yyxbir TapaacHaap yTaaHbl anrapant 6yypcaH xaaumn 4, 4OTOOA OPYUH
Jaxb araapblH 6oxvpaon xaHrantram 6yypaarym 6onHo. '3p, cyyuHbl 4OTOOA OpYHbI araapblH
OOXMPANbIH XaMX33 X3B33p Oanraa Hb JOMB-bIH 4O0TOOA OpPYHbI araapblH YaHapblH 30pUNATOT
X3MX33H33C (35 MKF/M3) 3.6 paxvH eHpgep, AJOMbB-bIH araapbiH YaHapblH 36BNeMXWA 3aacaH
XaMX33H33C (10 Mkr/M®) ux Gaiicaap 6aitHa. TeneB 2013-biH xyBba MCC-uitH caixpyyncaH
3yyXHbl HAMANT XxeTenbep X3aparKyynaH eBNWUAH ynupang SOTOOA4 OPYHbl HAPUWH LUMPXArnarT
TOOCOHUOpbIH (PM2.5) xamxaar 18%-aap Oyypyymk Oyn 6onoBd JoToond OpYHbl BGoxupaon
eHaep x3Ba3p banHa. M3axg33 yr xeTenbep Hb AOTOOA4 OpPuYMHA raprax Oym anrapyynantbir
xamrumH 6ara 6avnrax sopuynantTan 3yyxblr COHFOBOM 6PTONTUNT NXIIX3H OYypyyIK, araapblH
6oxmpanooc wantraancaH eB4HUNr 6yypyynax 6onomxron. Xyesunbap 1-unH xysbg 6anranumnH
XWR, LaxurnraaH 3yyx OOMNOH TEBMOPCeH xanaanTbilr awurnaxbiH 39paryds AOMB-biH araapblH
YaHapblH 36BNOMXWAH Y3YYNaNTI3C HWUN33L [0O0ryyp, AOTOOA OpYHbI araapblH 6OXvMpAnbIH
X3MXKI3r Oyypyyrnax apra XaMX33r aB4 X3pANKYYMCHI3p yTaaHbl sinrapanT xapbuaHryn Gara
bariHa. [JotToon opyHbl araapbiH GOXMPANbIH X3MX33r TOOLLOXA00 36BXEOH 3yyX GONMOH yTaaHbl
anrapyymk 6yn 6oxmpaon, ragaag OpYyHOOC HIBTIpY Oy XaMXK33r aBy y33X33C ragHa 4otoos
OpYHbI araapbliH GOXMPANbIH XAMX33HA, XapbLaHry 6ara Heneenger xoon xyHc 60MoH gotoos
OpuYMH gaxb Bycan ax yyCraBpuir (naa, Xy>x rax MaT) opyyncaHryn. [3BY T34r33p Hb rapT TaMxu
Tatgar xyH 6angraac Oycag TOXMoNgona XyH ambiH 3pyyn M3HA34 MSA3rA3XyWL, ceper Hemnee
Y3YYNaxXrym rax ysnaa.
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XABCPANTT.
HUAT 6PTONTUNH TOOLI00

YnaaH6aatap XOTbIH X3MX33HA, HAPUWH LUMPX3rNarT TOOCOHUOopbIH (PM2.5) epTenTuitH XnnuinH
OYHO2X XaMXK33r cyganraaHsl xyeunbap Tyc 6ypasp watancaH 6angnaap TooLCOH. OHI 3areap
Hb goTtoon 6onoH ragaag 6uumMn OpuYHbl YHAC3H 3X YYCraBpyyd, OPYMH TyCc OypT XYH ambiH
OHrepyy/mxk Oy xyrauaa ©OOMOH TOOCOHLIOPbIH HIBUYMATUNI TOOLIOXK rapracaH. TyyHYIaH
NpragnnH 6mnumn opyuH Tyc OypT Banx xyrauaar HacHbl Oynrasp snraatanm 6angnaap yHAIMCSH.
OH3 X3CArT HAPUINH WIMPXArnarT ToocoHuopT (PM2.5) eptex By xyH ambliH Toouoor XyBunbap
Tyc OypT ynn sBU, TOHLAM, rON Taamarnanyyaag TycraH XyH aMmf XUHM3CcaH 6angnaap TOOLICOH.

3x yycBap

JoToon 60MoOH ragaaj op4Hbl 39X YYCraBpyyaAMWAH Tanaapx O3Nr3paHryn Magaannunr Xascpant
B 605n10H B-unH epTenTuintH YHaNrasHA Tycras. EpeHxuiigee fotoon opyHbl araapbiH 60XnpanbiH
ron 9x yycBapT xanaax 3yyx GOfoH TamxuHbl yTaa (gam TamxvuaanTt) opox 6on ragaaj OpYHbl
39X YYCB3PT OPXUIH 3yyX, HAM AapanTbiH 3yyX, Xarac KOKCXXCOH HYYPC3H 3YyyX, XanaanTblH 3YyX,
aBTOMAalUMH, AynaaHbl LaxunraaH cTaHuyyn Oartax 6awHa. 3Arasp 99X  YYyCraBpyyaunH
TaamarnarnblH Tanaap eMHeX X3acryyasg aypbAacaH 6ereeq Aam TamxvuaanTbliH yTaaHbl 4OTOO[,
OpYHbI epTenTen Heneenex banansir xysunbap Tyc 6ypaap, ynupnbiH OOMNOH XUMWAH AyHOaX
aryynamxung xapxaH Heneermx 6anraar goop Tanndapnas.

©OpTenTuiH 3areap

Bug cypanraadel xyBunbap Tyc OypunH XyBbA XYH aMmp, XUHNSCOH XUMUNH OyHOAX Y3YYynanTumr
TOOLIOX LWaTancaH uyBpan 3areapbIr awmrrnacaH. 94rasp TOOH Y3yynanTuir ynupibiH (3yHbl 6a
©BNMINH) OOMOH XOHOMMWH (WeHWWH OOMOH eapwuiH) XyrauaaHg TOOLCOH 6u4Mn  OpYHbI
epTenTeep ToAopXoincoH.”

XaMrunH eHgep TYBWMHA XYH aMblH 2 YHAC3H A34 6ynar Tyc OYypuiH >XUAWAH OyHAax
OPTONTUIAH XYH aMZ XUHIX Toounoo (3areap A). XyH amblH 24 yHOC3H 034 Oynart:

A. Xyyxaa (4 XypTanx HacCHbI)
b. AcpaH xamraanard (5-aac goow HacHbl Xyyxag tytama 1)
B. Bycag (5-aac 493w HaCHbIXaH)

[a3px HacHbl Oynar Tyc Oypunr gapaax 3yyxHbel Tepen 6yxuin ann epxyyasg Toounoo. YyHA:

1. MCC-uitH camxpyyrncaH 3yyx 60M0OH Xarac KOKCXCOH HYYPC3H 3yyXxTan rap

2. WpasaynH TEXHOMNOMMIWH 3yyxTan rap

3. LlaBap xanaanTblH 3yyxTai rap>'

4. MCC-unH camxpyyncaH 3yyx 60MOH xarac KOKCXXCOH HYYPC3H 3yyxTan banmnH
5. Ham pgapanTblH 3yyxTan 6anwwmH

* ©BnnitH capyyn Hb 10-3 gyraap cap. 3yHbl capyya Hb 4-9 ayrasp cap. ©apuitH uar He 8.00-18.00, WwWeHuiH uar He 18.00-8.00 rax
TOAOPXOMNCOH. MNyy A3NrapaHryi Maaaannminr XyH amz XXUH3M3X XOHOTUIAH LiarMinH XyBaapbT TyCras.

%' “ |aBap” xanaanTblH 3yyX AT WAaTaNnThIH YP AYHA M33rASXYIAL, HAPUIAH LIMPX3MMarT TooLcoHUop (PM2.5) anrapaarryii 3yyxsir
TOOLHO. XWL33 Hb XWUIAH, L@axunraaH 33par 3yyxHbl TOPMYYA OPHO.
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6. NpaagynH TeXHONOrmnH 3yyxtan 6aninH
7. LiaBap xanaanTblH 3yyxTan 6aniunH 6yoy OpoH cyyL

Tooopxon XyH aMblH 434 6YArMiAH XUNMMAH AyHAaX epTeNTUNT YNUPIbIH 6pTONTUAH AyHAaxaap
TooucoH (3areap B). XyH amblH g3g OynrunH ynupnelH gyHaax epTtentunr gotooad 60noH
ragaag opuvH daxb epTenTUAH OYHOKMWT uar xyrauaaHbl yAngnasp XxapbuyyraH TOOLCOH
(BarBap B 6a ).

3areap Tyc OypunH xyBba “A” Hb age Oyly epTeNTUIAr YHINC3H XYH aMblH YHOC3H 434 Oynar,
“H” Hb household Bytoy epxuitH xaparnax 6y 3yyxHel Tepen, “OT” 6yloy aam Tamxmaant, “S” Hb
seasons Oywoy ynupan (3yH, eeen), “D” Hb daytime 6ytoy egpuiH uar, “N” Hb night Gytoy LLIEeHWIAH
uar, “in” Hb indoor Gyty gotoond Guuun opumH, “out” Hb outdoor Gyly ragaag GuuMn OpyuH,
“PM” TyxaltH 61MYMN OPYUMH JaxXb HAPUIAH WMPX3IMAIT TOOCOHLOPLIH (PM2.5) aryynamx (Mkr/m®),
“%t” Hb Tyxam 6uumn opumHg “D,S” acsan “N,S”-g 6ancaH xyrauaaHbl 33n3x xyBb, “IF” Hb
infiltration factor 6ytoy cyyuHbl 3yyXHbl TOPSIMNH HIBYUITTUNT TOOL|COH.

XYH amA XUHN3C3H KunuimH
SN =2 (% XyHam , X )
ayHaax epTenT AH." AyHA@X epTent ,

3areap A. XYH aMZ XMHN3C3H XUNUKAH OyHOaX epTenTUnUr Toouox4o00 HUWCNSNUAH HUWT
XYH aMbIlr OpyynaH TOOLNoO.

©BnNUIH ayHOax + ( 3yHbl AyHOax
Kununn gyHpgax ( y ans) T (3Y y AHS)

epTent AN

2

3areap b. XYH amf >XMH3MC3H XUIMMMIAH OyHOaX epTenTUNr TOOLOXA00 6BMAH BGOMOH 3YHbI
YIMPNbIH HUAT 6pTeNTUAH OyHOaXaap TOOLNoO.
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YnupnblH gyHaax

epTent ,
YnupnbiH egpunH YNupnbiH LWEHWIAH
=( %t X AyHoax gotood ) + (%t X AyHOax goTtoon ) +
nos PM2.5 s PM2.5
.5 eprent, o .5 eprent, .
YnupnbiH egpunH YNupnbiH WOHUIAH
+ ( %tout’D’S X Pplallz-mam ragaag ) + ( %tout’N’S X AyHOax ragaag )
.S epTent, o PM2.5 eptenT, .
3areap B. ‘A XyH amblH 38 6ynruinH HacHbl 6onoH “H” epxunH awwurnax O6yn 3yyxHbl

Teprneec xamaapcaH YnupnbiH AyHOAX 6PTONTUNH X3MX33r TOOLIOXO00 [O33pX
3arBapbIr awurnacaH. YnupnblH OyHO2X ©epTentuir 3yHbl 60MoH eBnuinH
ynupanyygag TtooucoH. “%t” Hb “D,S” acsan “N,S” xyrauaaHg TyxanH Ouyun
OpYUHA 3apuyyricaH xyrauaaHbl XyBuap TOOL0O.

YnupnblH egpuiiH gyHaax

potoon PM2.5 epTenT, , . - PM,eeen, s T ( IFH X PMout, H,D.S )
1. YAVPnbIH WOHUIAH OAyHOaX

aorooA PM2.5 GPTGHTA.HIS = I:)'vlin, eees, S + ( II:H X I:>'\/Iout, H, N, S ) + ( PMin, AT, S )
I YNupnblH egpunH gyHgax  _ PM

ranaag PM2.5 eptent, - out, H,D, S
V. YRVpAbIH WeHNAH AyHaaX — _ PM

ragaag PM2.5 eptent AHS out, H. D, S
3areap I'. XyH amblH gag 6ynar “A“, ynupan “S”, 3yyxHbl Tepen “H” Tyc 6ypT gotooa 60noH

ragaag oOp4YvHbl e4puUAH OOMOH LUeHWUIAH epTenTUAr TOOLIOXOA O33pX 3arBapbir
awwvrnanaa.??

XYH amA XKMHN3C3H epTenT 6a XOHOrMH LarMmH xyBaapb

HapuiiH wupxarnart TooCcoHUopbiH (PM2.5) XnnunH gyHoax epTenTUnr Xoép wartnanaap XyH
ama XunHNaH Toounoo. 3areap M-uMiiH XyBbA ragaag OpyYHbl AYHOAXK 6PTeNTUNT epeHXUN rypBaH
TOPAUAH CcyyuaH gaxb (rap, GanmnH, OPOH CyyL) XyH aMblH XyBbA ynupan ©0MoH XOHOIMIMH
uarunH (egep 6a wWeHWH) XyBaapuiH anraatan Gangnaap Tyc OypT Hb TOOLIOH rapracad.
Oprasp eptentuinr baraHyyp 6onoH BaraxaHram racaH xoé€p Aayypraac 6ycag AyyparT TO4OpXown
TOPNUIAH CyyuaH faxb XYH amj XWHMA3C3H ragaaj OpYHbl HAPWUWH LUMPX3rnarT TOOCOHLOPbIH
(PM2.5) epTenTtuir 3areap gaxb Xacar Tyc 6ypuiiH ragaag opyHbl AyHOa)Kaac TOOLCOH. [33apx
X0E€p OYYPrvnr ragaag OpYHbl HAPUWH LUMPX3rNarT TOOCOHUOopLIH (PM2.5) 3arBapt opyynaaryn
Oereen 9Araap AYYPrUWH ragaag OpYHbl HAPUWH LUMPX3MNArT TOOCOHUOPbLIH (PM2.5) ayHoax

%2 3yyx GOMOH HaM 1apanTbiH 3yyXTai rap, GaiLNHIMIH XyBbA, “PM;,"-biF TOOLIOXA00 SBMMIH YRMPILIH HIBUNMTHIAH thakTopkir O-
T3l T3HUYY rax Toounoo (IF=0).
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OpPTONTUIAH ynupan Tyc OYpUMH XYH amp XWHNICSH OpTenTUUAr XUPWUNH apaBTbiH XyBuap
(apaBHbl HAIT) aBY Yy3CaH 6onHo (XycHarT 1).2® 3arBap A-A HWIACTANWUIAH HWUIAT XYH aMblH
XUNMUAH OYHOQXK OpPTeNnTUMUAr TOOLOXO00 XYH aMblH A3 OyNrunH 93Mn39x XyBbTam OyWLYYM3H
TOOLS100.

XycHart M. MNagaag opyYHbl HAPUIAH LUMPXIMNArT TOOCOHLUopbiH (PM2.5) ayHpax eptentuinr
apaBTbIH XyBMap UNapXMNNcaH 6ainaan (Mkr/m®) — HUIT XyH amp, XXMHN3CIHIIP

10" %ile 10" %ile 10" %ile 10" %ile
Xysunbap o .
©BnuiiH egep OBNUIH LWIeHe 3yHbl egep 3yHbI WEHe
2014 — Cyypb TYBLUUWH 49.8 69.2 1.3 1.9
2024 — Tenes 2013 59.9 79.4 2.4 3.3
2024 — Xysunbap 1 22.9 29.8 0.4 0.6
2024 — Xysun6ap 2 0.6 0.7 0.2 0.3

XyCHarT M-4 HUACNANWH HUWAT XYH ami >KMHI3C3H ragaaj OpYHbl HApWUWH LIMPX3rnarT
TOOCOHUOpbIH (PM2.5) oyHaax epTenTuir apaBTbiH XyBUIAT TOOLCOH Bangnaap y3yynnas.

XOHOMMIH LarnnH xyBaapuinr TooucoH 6onoBY xyH amaap Oyc xapuH gotoon GonoH ragaag
OpuMHA 3apuyyrk Oym xyrauaaraap Hb KUHIIXK TOOUMN00. MOHronyyyablH XOHOIT XUk Oyw
aXnblH BYTUMIAH Tanaapx M3433M3N xapbLuaHryn 6ara 6aricaH. Mnmaac 6ug MCC-uiin 2013 oHg
XWUAC3H eBMWUWH ynupnblH Tanaapx cyganraaraap YnaaH6aatap XOTblH rapT 60mnoH GanwwmHg
ambgapgar MCC-unH camxpyyncaH 3yyx awmrnagar Xyyxag, HacaHg Xypar4yauinH roapuiH goTop
0onoH ragaa 3apuyymk O6yn Larvir cygancaH AyHr awurnacaH. QHAaXyy cydanraaHbl OyHraap
YnaaH6aatap XOTblH OPLUWH CyyryAblH ©BMAWWAH YNWUPMbIH aMmbApanblH X3B MasrMnH Tanaapx
O9MNrapaHryn M34339M3M erceH OOMOBY 3A4r33p Hb AYYPSr, CYYUHbI Tepen, 3yyxXHbl Tepern,
YAUPIbIH LUWHXK 33p3ar XyBbcaryabir OypaH NNapxunnax 60NoMXIyn Tyn 34rasp mMagaannuir omg
cypanraaHgaa wyya awurnax 6onomxryn 6avnaa. XapuH Ynaan6aatap XOTblH HUAT XYH aMblH
OBIMMIAH YNUPMbIH amMbdparnblH X3B MasrMnH Tanaapx OWMAroNThbir TOITOOXbIH TynAd 34raap
cypanraaHbl AyHr xonborgox tannbap, MIpraXnTHUIN caHanTan xamTaTraH aBY yanas. ©BNuinH
YyNUpnblH aMmbApanbiH X3B Masraac Oua 3yHbl YNUPIbIH ambAparnblH X3B MadrviH Tanaapx
yHOacnan Oyxun  Taamrunr rapraB. Xyyxag (HacHbl OYNrUMMHX3H), T3AM3PUNH  acpaH
xamraanarumng, 6ycag (5-aac 433w HacHbl 6YN3rMAHXHUI) XYBb XOHOMWWH LarvuiH XyBaapumr
Tooroop y3yynas (XycHart '2). Xyyxag 60noH T34HMI acpaH xaMmraanarymg UxaHx Laraa rapras
eHrepeener rax y3caH bereep xunuiiH Typw 734 100% gotooa opunHg 6angar rax T00|_u'|oo.24
Bycag Oywy HacaHg XyparyaunH XyBbAd ambAparnblH X3B MAsiTMWr Hb XOHOTMAH XOEpP X3CcarT
XyBaaxk Toounoo. YyHO axun, cypryynbjaa siBaxaap rapaacas ragyyp 6avgar 10 uar (egpunH
uar 6ytoy 8:00-18:00 uar), 6onoH rapTaa eHrepyyngar 14 uar (weHuirH uar Gyoy 18:00-8:00
uar) 6anHa.

% BaraHyyp, BaraxaHraii Ayypryya Hb HUACNAN33C XapbLaHryii ancnaracaH, xeaee HyTart 6aiipnagar 6erees ranaaz opyHbl
HapWiH LIMPX3rNarT ToocoHuopbiH (PM2.5) eptent 6ara 6avipar rax y3as.

# Xaguiiraap 6oaut 6argan yyHaac apan eep 60noBY 3yH uart ragaag 60noH 40Too 4 OpUMHA LIOHX, Xaanraa OHFOMIIoX, rapuiH
Xasia 33praap araapXxyynanT caiiH 6anx yunp 3yH LarvinH HapyinH LUMPX3rnarT ToocoHuopblH (PM2.5) eptenT oliponuoo 6anHa
rax yanaa.
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XyCHarT 2. YnupnblH 60MOH XOHOTMIH sinraaTtan yeyannH gotoon 60NoH ragaag opuvHg
eHrepyymxk 6ym xyrauaa (XyH ambliH YHOC3H 034 Oynraap)

[JoTtoon op4nH lagaag op4nH

©0puliH yazs— Gsern

Xyyxag 1.00 0

AcpaH xamraanary 1.00 0

Hacang xyparumg 0.75 0.25
UeHulH yae — ©sen

Xyyxaa 1 0

AcpaH xamraanary 1 0

Hacang xyparumg 1 0
©0dpuliH yae — 3yH

Xyyxag 1 0

AcpaH xamraanary 1 0

Hacang xyparumg 0.75 0.25
leHutiH yae — 3yH

Xyyxaa 1 0

AcpaH xamraanary 1 0

Hacang xyparumg 1 0

XYH aMblH XOHOIT Laraa eHrepyysmk 0y 6uimn OpyYmH Hb HUArAM-XYH am3yrH Oynar, ynuprbliH
Oarignaap sanraatam raXx y3c3H OOMOBY WMMHXYY aHrunax T1oo Gapumt ©63naH Ganxrym yuup
34ra3p anraatan 6ananbir TOOLOX HUATNAM Taamarnanbir A3BLWYYA3H 3arsapymnnaa. XyH amMmblH
TYBLWWHA ©OPUNH uaraap [OToon OpYMHA eHrepyyrmk Oym ayHpoax xyrauaar 75%, egpunH
Laraap rafaag OpuMHA eHrepyymx 6yil gyHaax xyrauaar 25% rax Tyc Tyc y3aB.?>?® otoop
OpYMHA e4puviiH BOMNOH LWeHWIH Laraap eHrepyyrmx Oyn xyrauaaHbl Tanaap T040pX0on M3433nan
Ganxryn Tyn, 6uag Xyyxag egpuiiH 6onoH weHunH uarmir 100% [otooa OpyuHAL eHrepyyngar
r9X aBy y3nasa.

® Huitcnang ragaa; opuvMHA axvnnanar Gapunra, XeAee ax axyil, yyn yypxaii, Ta3sap 33par canbap ux Ganpar yump empuitH
uaraap ragaaj opuvMHA eHrepyyrk 6yn xyrauaa Hb 25 xyeuac unyy banx maragnantan 6onosy 6up xamruiH 6ara xyBaapb
Toounoo (YunxaacypaH, baacanxyy, 2010).

% NloTooa OPUMH AaXb BPTENTUIAr TOOLIOXA00 F3PIICI3 8ep rasap AOTOOA OPUMHA BHrepyYmK Byil PTeNT Hb FBPUITH [JOTOOM OPUUH
Aaxb epTenTTan agun rax ysnas.
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Hacang xyparyguiH aHrunang Gartax XyH amblH TOAOPXOM X3C3Ar Hb XYYX34 Xapax yypar
XYN3343r 3K Y33H, HAr XYYXAd34 HIr acpaH xamraanardy HOrgoxoop TOOUCOH. TagHunr
XYYX34T3MW agun ambapanbliH X9B Masrtah rax ysnaa. Xyyxaj, T3AHWA acpaH xamraanaru,
Oycag (HacaHA Xyparymg) rax aHrnnaH TOOHUAT epXes Xurg XyBaapunaracad 6angar rax y3caH
Oereen Tyxamnban HUNT XYH aMblH TOAOPXOM X3C3r Hb rAPT ambgapgar 60n MeH X3aMXI3HWI
XYYX34, T9AHWMMA acpaH xamraanard, 6ycag (HacaHg Xyparyma) racaH HacHbl GynrMiH xymyyc
ropT aMmbaapar rax TOOLICOH.

XyBunb6ap Tyc 6yp A3X XyYH aMbIH OyNrunH eptent
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3ypar M. HapuiH wmnpxarnart ToocoHuopbiH (PM2.5) XUnunH gyHaax XaMxaaHunm 6yTay
(cyyuHbl Tepneep)
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XABCPANT A.
3PYYJ1 MOHOAUWH AYAATIAN BONOH YP ALUTMWH TOOLI00

©HeerumnH bangan

Mouron ynceiH 1000 xyH amp Horgox ronnox esynenyyaunr AngargcaH AmbapanbiH
Kunyypaap (AAX) xapyynnaa (XycHart O1). YyHA: 3ypxaHA LyC XOMCPOX 3Mrar, AMbCrasnbiH
0004 3aMblH LOYMOr Xangeap, WuUraaac eBYHyya Hb HANT AAXK-UIAH rypaBHbl HAr OPYMbIT 333K
bariHa. bycag esunenyyd yngcaH xyBunr 33amk 6awviHa. (JonxuiH ©BunenunH AdvaannbiH
Cypanraa, 2014)

XycHart [11. MoHron YncbiH 30Hxunox esunenuir Angargcad AmbapansiH XKunyyaaap (AAX)
3paM0B3MCaH Hb, 2010 oH

©BYHUN Tepen AAX XyBb
1 3ypXS8HA UyC XOMCpOX amrar * 96 11.8
2  AwmbcranblH 0ooa 3amblH xangsap * 87 10.6
3 Wwvrpasac * 78 9.5
4  HapalH TapXuHbl 3Mrar 41 5.0
5 3am T33BpUNH ocon 34 4.2
6  OnarHun xatyypan 32 3.9
7  OnarHun xasgap 30 3.6
8 TepenTuiH eMHex XyHAP3aNyya 28 3.5
9  TepenxunnH rax xenkun 25 3.1
10 Cypbes 20 2.4
11 BeepHui apxar eBYUH 19 2.3
12 XopooaHbl xaBoap 16 2.0
13  Amwua xoprox 16 2.0
14 3ypxHUN X3pXx 6BYNH 14 1.8
15 Xyumpxuminnan 14 1.7
16 TamTan 14 1.7
17  YywruHel apxar 6ernepenteT eBYMH * 13 1.5
18 YywruHel xasgap * 12 1.5

* CyganraaHbl TOOLLOOHA OpyyJricaH eBunenyyan

Ox cypsanx: http://www.healthmetricsandevalution.org/gbd/country-profiles

3arBapT awurnacaH apraunanbiH Tannéap

XyBunbap Tyc 6ypuiH XypaaHa apyyn MOHAWWH HOMeennuMinr eBYHUA aHrunnaap 6050oH HacHbI
Oynar Tyc O6ypT dnraatam 6Gawmgnaap Toounoo. Jpyyn M3HAWUNH HeMNeennuMir TooLOoX
apradnaneir bapkanan gax KanudopHunH Ux cypryyne 6onoH HaracaH YHO3cTHUM CaHruiH
apoamTag xamTpaH GonoscpyyncaH (Munnapucettn Hap, 2013). MeHn 6ug cyganraaHjaa
OpxunH AraapbiH boxnpaneiH UHTepBaHy AprbiH (OABUA — HAPIT) WwWnHaumncaH xysmunbapbir
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awmrnacaH. JdHaxyy aprbir awmvrnad 2014-2024 oHbl XOOPOHA XMWAC3H XyBunbap Tyc Oypaap
YnaaH6aatap XOTbIH XYH aMblH AYHA YYC3X Oyl yyLIrMHbl XaBaap, 3yPXaH4 LlyC XOMCPOX 3Mrar,
LWNrA933C, YYLWIMHbl apxar 6ernepenteT eBYUH, xXyyxauiH (0-4 HacHbI) ambCranbliH JOOA 3aMblH
LOYMOr XangBsap 339par eBYNenyyaunH 3pcasnunuH XyBUAr Toounoo. [033px TaBaH TepIiMiH
OBYMONUNH 3pyyn M3HAMWAH ayaannbir araapbiH 6oxupgnooc yyaantanm uar 6yc Hac Gapant
(LUBHB) 6onoH eBuneneep angcaH ambapanbiH xunyyaasp (OAAX) TooucoH 6a 3H3 Hb pyyn
MaHannH Xamxunt, YHanraaHum XypaanasurunH 2010 oHg rapracaH [danxunH ©BunenuviiH
AvaannbIr YHaNax cyganraaHbl YNc opoH, 6yc HyTar, A3NXUAH ©BYNeNUNH TOOLOOHS YHAICM3H
coHrocoH (Myppan Hap, 2012). 54rasp Hb ©pTeNTUIAH XapbLaHryn 00ANT XaMXK33HA PYHKUbIH
cTaHgaptag Toxupd Oyr eBunenyyd OONOBY HapWWAH LUMPXIMNAIT TOOCOHUOpbIH (PM2.5)
epTeNTTaN XxonboOoTOM YYWIMHBI CYpbed ©BYHeeC LantraancaH Hac 6GapanTbiH 3pcaan
HaMargax Oyn Tanaap cyanaadung TaMAarnax O60ncoH. MMmMaac yylrnHbel Cypbed ©BYHUNAT
araapblH 60XVUPANbIH 3PYYN MOHAUIH HENeenMINH XOEPAOory yp AaraBap rax aBy y3caH.?’

Llar 6yc Hac 6apanTt 6a ©B4Y4neneep anacaH ambApanbiH XUNYYL

HuicnanumH apyyn MSHAWWH adaannbil HAPUIAH LUMPXArNarT TOOCOHUOpbiH (PM2.5) xunuinH
nyHaax eptenT 12 mkr/m>-33c Bara yep yycax eBUNenTaii xapbLyynax 3amaap TooLcoH.?® 2014-
2024 oOHbl XOOPOHAOX 3PYYN MIHAWWH adaannbir xyBundap Tyc Oypaap ToouoB. ©pTenTtunr
OYHO2X XyH aMbliH Tapxantaap TooucoH. Cyypb TyBWWH 60onoH xyBunbap Tyc OypT 2024 OHbIr
XYPTANX HapWUWAH LWMPXIrNArT TOOCOHUOpbIH (PM2.5) epTtenTuiH aryynamxwir Liyramax
bargnaap wnapxunncaH. Cyypb TYBWWHA XUIWMWAH OYHOAXK OPTONTUNAH TYBLUMHI TOOLIOX,
TyyHunr Tenes 2013 6onoH TypwunTbiH Bycad HeXUNyyauAH XOOPOHA aawn rax y33H bycag
xysunbapyyaran xapbuyyncaH. byx eptenTuitH wat gapaanantan TyxarlH OHbl 3XHWUW e4puinr
Xun 6ypuiiH 1 ayrasp capbliH 1-H33p Oytoy *kunwaan6an 2015 oHbl 1 gyraap capblH 1-H33c 2015
OHbl OPTONT 3XAMHI MK TOOLCOH. OPTeNT apBaH XUNUNH TypLl eepynergex 6a xaMrmmH cyyng
2024 oHbl 1 ayrasp capblH 1-HAO 6anxaap TooucoH. Tenes 2013 TyBWWH 43X 3pYyN M3HOUNH
avaannbir UBHB 6onoH ©AAXK-33p 2014-2024 oHbl X00poHA 11 KMN33pP KU TyTaMa TOOLLCOH.
XaBcpant »K-33c apyyn M3HAOWMWAH adaannbir Xun TyTamg XyBunbap Tyc Oypaap X3pXaH
TOOLICOHBIT XapX 6onHo. ©Bunen Hb yr 3areapt OAAX-33p ToouoracoH. OAAXK-nr osanNxumnH
X3MX33HA ron TeneB uar 6yc Hac Gapant 6onoH amb HacaHg xantam 6yc esunenuir
Togopxonnoxoq awwurnagar. MeH ©AAXK-UNH TOO Hb HAr amepuk gonnap TyTamza Horgox 6yn
3pyyn M3HAUWH ceper Hemneennunur yHamnaH 34UWH 3acrMilH TOOLO0Or raprax yyxan ysyynant
©onroH axunaar.

OAAXK-MIr TOOLOXO0O VYHASCHUM X3MXK39HO TOOOPXOM-eBYMenieec LwanTtraancaH Hac
GapanTyyabir awurnagar?®. ©AAX-uitH xapbuaar Opyyn MaHAMAH XaMXunT, YHIMraaHui
XypaanaHrmnH [OanxuiH ©BunenuiH AdaannblH Ccydanraaraatam OywuyynaH TooucoH 6a
cypanraaHbl XyrauaaHg Tortmon (eepunent Ganxryn) 6arHa rox y3as. Xysunbap Tyc OypTt Hac
bapant 6onoH ©AAX-unH GyypanTbilr TOOLOXO0O TyxalH Hexuen Aax Hac Gapant, ©AAX
6onoH Tenes 2013-bIH TOOHbI sinraaraap TooucoH. 2024 oHbl XyBbA yNAdX 6anraa 6ycag apyyn

" 3H3 cypanraaHbl HIr TON 30PUNT Hb YYLITMHLI CYPbEd, AYTYY TOPenT, HyAHWI KaTapakT r3C3H 3 YHACSH araapblH GOXMPAMbIH
XOEpAory yp pAaraepbir TOOLOX sABAan 6bawnaa. [9B4Y, AyTyy TepenT, HyAHUIA KaTapakT ©BYMHTIN XxonbooTow cypanraaHj
xampargax yeuiH (2006-2012) cyypb eBuYnenuiiH Tanaapx apyyn M3HAUAH OypTran mMaAa3nan Hb xaHrantryn 6ancaH Tyn 6ug
3Ara3p eBYHUIr cyaanraaHgaa xampyyrncaHryi.

OH3 xaMx33 Hb AHY-biH Bavirans Xamraanax AreHtnarniiH (EPA) HapuiiH Wwnpxarnart ToocoHuopbiH (PM2.5) xunuiti gyHaax
araapblH YaHapblH CTaHAapThIr Teneermk Oy 6ereen 3H3 Hb A3MXMIH X3MX33HA OJOOrOOP HAPWIH LUMPX3INArT TOOCOHLOPbIH
(PM2.5) xamrminH xaTyy TOrTOOCOH CTaHAapT oM.

% Xunwwaan6an: araapblH 6oXMPAONOOC GONOOA BBYNEH Laaluug Hac Gapax ron WanTraaH Hb GONCOH. OH3 Hb TyXailH XyBb

XYH33C Xamaapaxrymnrasap op4HOOCOO ©BYMBININH 3X YYCBIPUIT aBCaH Byoy YICbIH X3MX33raap eBYII6X OM.
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M3HAONNH a4aannbir Hac 6apant 6onoH SAAX-UNH anb anMHA Hb TOOLCOH 6a 3H3 Hb 2024 oHA
xyBunodap Tyc 6ypunH xyebg TeneB 2013-blH Xypa3aHA Xynaargax Oynm avaannbiH 33N3X XyBb
toMm. [lapaax TOMbEOr alunrriaH TOOLCOH.

TyxanH xyBun6apbiH 2024 oHA xynaargax 6y avaanan
2024 oHA Xynasrgax — x 100

Oyn avyaanan

Tenes 2013-biH 2024 oHA, Xynaaraax 6yn ayaanan

XapbuaHryu apcaan

©Bunen 6onoH Hac 6apanTbir TOOLOXA00 XapbLaHryn apcaanminH (X3) yHKUUAM aimrnacaH.
XapbLaHryn apcanuir eBunen Tyc OYpuUNH XyH amg Horgox apcaanuinH xacrumr (XAHX)
Toouoxon awwurnagar. HapunH Wwnpxarnart ToocoHUopbiH (PM2.5) ynmaac yycax 6ym yHACSH
©BYMNeNyyounH xapbLyymk 600X 3pcasnuiiH XyBUNT apaax TOMbEOroop OJHO.

(X3-1)
XAHX =

(X3—1)+1

XapbUuaHryn apcaan Hb epTenTUH TOAOPXOW TYBLUMH A3X TyXarlH 6BYNeNIMAH 3pcaan oM
(decan Hap, 2004). ©Bunen Ttyc 6ypT XAHX Hb xapunuaH anraatan 6angar 6ereen TyyHWIr
TOOLIOXO00 CYYpb TYBLUMHI TyXanH ©pTONTUIAH X3IMXI3IHIIC Xamaapy HAIMIraax Oy eBYnenumnH
XyBuap opnyymk TooucoH. MeH XAHX-unH gasg 60noH Joon xasraapbliH y3yynanTyygunr
TOOL00.

Hac GapanTblH 3pCcOanunH TyH-xapuy yungnuinH mypyur 2010 oHbl [anxuiiH ©B4YnenuiH
AdaannblH cyganraaHf awmrnacaH y3yynanTtyyasaap tooucoH (BypHeTT HapbiH, 2014). ByTuuiH
dyHKLUMOHanNb 3areap Hb 9H3 erergeng TaapcaH 6a Eureqa Formulize (lUmuT HapbiH 2013)-uiH
Maal3annunr awmrnacaHd. [0ssg 60noH gooa TOAOPXOWryn xsasraap Hb 95%-MAH UTIANUSIMNAH
XYpasH4 6Gartax TyxalH ©BYNeNnWAH 9SPCOSMUNH H3DKUWH YTrbir TOOLIOXA0O aluvriacaH.
XapbLaHryn apcgan 1-Tav TSHUYY YEUNH HapWUH LWMPXArnarT TOOCooHuUopbiH (PM2.5) eptent
7.3 MKr/M> Gaiik 605ox oM. Yr 3arapbir XycHarT [1-T yayynas.

YyLWIruHbl CYpbe3armnH Toouo00

YYLWIMHbl CYPbE3rMNH XapbLAHryh 3pcasanunH TombEeo wyramaH apraap OR-33p (odds ratio)
TogopxonncoH 6a XycHart [2-T epTenTuiH TYBLUMHI CYYIWAH YeurnH cyganraadyygag
TOAOPXOWICHOOP TycracaH. HargyrasapT xamrumiH Mx TOXMONAAOr YYLrMHbl cypbearniH OR,
Oycag cymanraaHg TOOLICOHTOW agunaap awuvriacaH. XamMrmnH ux xamaapantah 3pCOanuinH
Mag33nnunr HenanbliH XURH Tynw 60noH Guomacc xaparnagar amarranvyyanmnH OR = 3.142-
Tan (95%CI: 1.15, 8.56) xapbuyynaH TooucoH (flakwmu Hap 2012). DHAxXyy M3493M3N1 Hb
CYYNUWH yen XvuWracaH Oycap cyganraadbl yp AYHIYYATSW HMMLX Ganraa tom (CMmuT Hap,
2014). Yuup Hb HUUT Henan gaxb yywruHbl cypbearniH apcaan 10% 6onoH TyyHaac Gara
baricaH 6a OR Hb xapbuUaHryn apcaanTtan togopxomnoracoH bampar (Kakyanatu Hap, 2010).
TyxanH XOEp oynart HapuiH LWNPXIrNarT TOOCOHLIOPbIH (PM2.5) epTent
TOAOPXONIOrA0ONYMraaC XMWH TYMLW X3PArnardy 3M3rTanH HapWnH LUMPXIrnarT TOOCOHLOPbIH
(PM2.5) epTenT cyynuWH yen X3BMArACSH OJHITXAIT XWWTACIH cypanraaraap XWAH Tynw
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X3parnagar aMartanyyyaunH eptent Hb 70 MKr/m*, Guomacc X3pParnagar aMartanyyyguimiH
epTenT 300 Mkr/M> 6aitHa (BypHeTT Hap, 2013). Witma wyraman xamaapan He 70 mkr/m>-g OR =
1.0, 1,300 mkr/m*-g OR=3.14 GaiiHa.

TyxanH OR-UAH X3BWIH WyramaH TOMbEONbIr epTeNnTUIAH TYBLLMH 1 Barixaap TOOLCOH. DHAXYY
TOMBEO Hb CYpbearMrH XapbLaHrym apcaoanuinH TaHUaTran 6onHo. bug uar 6yc Hac Gapant
6onoH SAAX-unH Topopxonryn +50%-mnr 50%-nap HaWMK (43933 MXICCOH TOXmongong),
xacax (gooLwoo byypcaH ToXMongona) TOOLCOH.
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XycHarT [12. HapuiH wnpxarnart ToocoHuopbiH (PM2.5) xapbLaHryn apcoanunH ToMbEO

3YPX3HA LLyC XOMCPOX 3Mrar

(IHD RR) = 0.9564*l0g (log(12.98 + PM))

[oop Togopxonryn xasraap

(Low IHD) = (41.12 + PM - 421.9/(3.363 + PM))"0.09225 - 0.2773

[asg Togopxounryn xasraap

(Low IHD) = (2.281 + (-422.7 - 20.98*PM)/(435.4 + PMA2)

TapxuHbl WIMraA3ac

(Stroke RR) = 2.125 + (-172.9 - 19.42*PM)/(227.9 + PMA2)

[oop Togopxounryn xasraap

(Low Stroke) = (1.199 + 0.03729*PM)"0.13

[asg Togopxounryn xasraap

(Stroke RR) = 2.075 + 5.204e-5*PM + (-710 - 8.422*PM)/(643.9 +
PMA2 - PM)

Yyuwrunel apxar 6ernepenteg
©BYMH

(COPD RR) = sqrt (1.398 + 0.00638*PM + -24.08/(54.74 + PM))

[oop Togopxonryn xasraap

(Low COPD) = 1.007 + 0.001675*PM + 2.848e-10*"PM*3 - 7.654e-
7*PMA2

[asg Togopxounryn xasraap

(Up COPD) = sqrt (1.538 + 0.01125*PM + -17.93/(27.84 + PM))

YyLwruHsel xasgap

(LC RR) = 1.015 + 0.00596*PM + 1.781e-8*PM*3 + 5.276e-
15*PMA5 - 1.047e-5*PM*2 - 1.557e-11*"PM*4

[oop Togopxonryn xasraap

(Low LC) = 0.9849 + 0.001803*PM - 2.049e-8*PM*2

[asg Togopxounryn xasraap

(Up LC) =1.032 + 0.01001*PM + 7.365e-8*"PM"3 + 7.736e-
14*PMA5 - 2.268e-17*PM”6 - 1.053e-10*"PM*4 - 2.927e-5"PM"2

AMbcranbIH JOO[ 3aMbIH LOYMOT
xangsap

(ALRE RR) = (9304 + 27.36*PM + 3.328*PM"2)/(8704 + 38.75*PM
+ PMA2)

[oop Togopxounryn xasraap

(Lower Cl) = exp ((23.51*PM + PMA2)/(6063 + 138*PM + PM"2))

[asg Togopxounryn xasraap

(Upper CI) = (53.9 + 3.371*PM)/(65.26 + PM) - 0.02199*PM*exp (-
0.01778*PM)

YyLWruHbl cypbea

(TB RR) = (0.0225*PM) + 0.8426

[oop Togopxonryn xasraap

Topopxonrym

[asg Togopxounryn xasraap

Topopxonrym
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LLyramaH 6yc epTenTUH xapuy yunaan

TyH-xapuy YUNANUNH xamaapiibiH Mypynur BypHeT HapblH TO4OPXOWNCHOOP awurnacaH 6a aHa
Hb HapWWH LIMPX3rnarT ToocoHuopbiH (PM2.5) aryynamxuir 6yypyyrmx epTentuir maw 6ara
TYBWUMHA Toouox 6onomxuir onrocoH tom (BypHet Hap, 2014). 3ypar [O1-T xapyyncHaap
HaApPUNH WNPX3ArNarT ToocoHuopbiH (PM2.5) eptent OOMNOH WWras3c, 3ypxaH4 LYC XOMCPOX
3Mrar, ambcranblH 400 3aMblH LLOYMOT XanaBap 33par Hb XapbLaHryn A33ryyp LWynyyH, XapuH
YYLWIMHbI XaBdap, YYLWrnHbl apxar GernepenteT eB4YWMH 33par Hb Oapar wyramaH Garngnaap
aypcnaracaH 6anHa. OH3 Hb pyyn MIHAWWH 9epar yp AyH Maw 6ara epTenTTan yeq rapaxbir
xapyymk 6GanHa. TuiAM33c apyyn MOHAMWH ©0AMT 3epar yp AyH OpTenTUNH X3MXK33r 3pc
OyypyyncaH yeg rapd npHa (Cmut Hap, 2014).

XapbuaHryn apcanuiii wyram (bypHeTT Hap, 2014)
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HapuiH Wwupxarnart ToocoHUopbIH (PM2.5) xunuinH gyHgax eptent (Mkr/m3)

3ypar 1. BypHeT HapbIH supra-linear xapbLuaHry apcganund mypyi (2014). OHaxyy cyganraaHaac
rapcaH yHOC3H 5 eBUNenuinH apyyn MaHAUMH ayaanan 60noH TOAr33PUNH XapbLiaHry apcasanunr
xapyynnaa.

Apyyn M3HAUNH XOXYY yen unpax Hemneenen

Opyyn MaHAWWH adaanan 6onoH yp awruir 2014-2024 OHbl XOOpPOHA ©PTEeNTUAH 3epYYHUI
ynMaac uar 6yc Hac 6apant 6onoH ©AAX-uiiH OyypyyncaH OyHrasap TOOLICOH. Xaaunraap
CYYMWWH XUIYYA34 HAPUNH WWMPX3rNarT ToocoHuopooc (PM2.5) xamaapanTan mall ofioH 6B4YMH
XYH amp TapxcaH 6a epTenTuiiH yp garaeap Hb YPT XyrauaaHg ypramkumk 6onsowryn (eepeep
xan6an, yp Henee Hb epTenTeec XOWLW YpT XyrauaaHbl gapaa 4 magparaax bawnx) bawraa u
HaPWUNH LUMPX3MNarT TOOCOHUOpPbIH (PM2.5) epTenTunH xamxaar 6yypyyncHbl gapaa xonborgox
3pyyn MIHAWNH 3pcaan GonoH epTenTunr GyypyyncHaap TyxavH XyrauaaHbl 3U3CT TOAOPXON
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TOOHbI Hac GapanT, OAAX-33c capruitnax 6onomx 6uit GonHo (Jonn Hap, 2012).%° BAAX-a3c
coprunnax Ttanaap OuaHWA Taamar Hb 3Jpyyn M3HOMWAH 3epar yp OyH HOMIrasx sABAnNbIr
APUMMKYYIIaX 6a TyxaWH XyrauaaHbl TOOL00 ANUMIyn eepynergceH 6amHa. YyHuir xapbuyynax
OMO WWMHXNAX YyxaaHbl 3eBnemMx erex yyaHaac AHY-biH bBaviranb, oOpyHbIr Xxamraanax
areHTnaruiH canan 6onrocHel garyy HAPIT aprbiH TOOLOOHbI XyyAacT siMmapBaa H3r 30rCOHMM
Gargan yycaaryn Hexueng 60noH 20 XununmH xyrauaaHg cXxeMunH garyy Hac 6apant, 6AAX,
COpPrUMImK 4YagcaH Hac OapanTt, caprunmk 4vagcaH OAAXK-unH y3yynanTuir xapbLyynas
(KamepoH Hap, 2004). Yr cxema eptentunr OyypyyncaH TyxarlH XWNnA HUAT ©BYNenuinH
avaanan 30%, 2-5 xunuinH xyrauaaHg 50%-aap xwurg Tapxaurtanraap 6-20 xun 6onoxog 20%-
aap >kurg Tapxautawraap 6yypcaH 6anHa rax gypcancaH. boauT yp gyHr xapyynax yygoHaac
TOOLIOOHA YYLUTUHbI XaTranraaHbl XOXyY yen Unpax HeneennuiH xXyraugaar opyynaaryin 60mHo.

3apanbiH yp awur

OHAXYY YHIMr33HA 3apanblH yp awrMiH Tanaap To40pxXon OYyrHanNT erex 60NoMXryn oM. M3caH
Xaamn 4 wuHaumMncaH HAPIT apreiH TOOLOOHBI XyyAckir ©0MnoBcpyyncHaap Xonborgox
Ganryynnaryyn TyxarlH MOA39MNNWAr alurnaH waapanaratan AyHr rapax GONOMXTON oM.
OHaXyy aprbir awurnaH 3apanbiH yp awurt 6angnbiH AyH WAHXUITAr Xunxag 1) xXnanuinH
YEWNH HUAT 3apgan, 2) xetenbep xapankux XyrauaaHbl XunuiH gyHgax epter 3) xetenbep
X9pParKmnx xyrauaaHbl Har xyHa Horaox OHB racaH 3 HOManNT mM343anan, T3Ar33pUMr Har Wxmn
TOITMON MOHIeH TAMASITUIH XaHwWwaap ToouHo.>! 3apanbiH yp alWruir onoH YrcbiH MeHreH
Tamaartaap OAAXK-uiiH Har xyHa Horgox OHB-a Heneenex xun 6ypuiiH 3apganTanm xapbLuyynaH
TogopxonnHo. OOMB-uiiH GapumTangar Xamxkaarasp 3apAfiblH yYp awur Hb WHTEpPBaHLbIH
3apgan Har xyHa Horgox OHB-sac 6ara 6anx Hb xamMruiH ToxupomxTon Gereea LOHB-Tan
xapbuyynaxag 1-3 gaxuH ux 6anBan yp awmrtran, xapuH 3 gaxvH unyy 3apgantan 6on awmrryn
ro) 3eBneceH banpar.

% 3Ha gypmaac aHrup ron acyyaan 6on ron Tenes GOMMHO XyrauaaHz epTCeHeec YyASNTai Gaiaar XyyxauiH aMbCranbiH 3aMblH
apxar ypaBCcar oM.
" OnoH ynceiH Tortmon 2005 am.gonnapsbir 3eBnemx 6onrogor.
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XABCPANT E.
APTAYNIAN BOJNIOH ereranuuH XA3rAAPNArOMAN TANYYQ
HapuiH wmnpxarnart ToocoHuopbiH (PM2.5) anrapantbiH TOOL00

YnaaHb6aatap XxO0To4 XWWrAC3H HAPWMH LWIWPX3ArMNArT TOOCOoHUopbiH (PM2.5) sanrapantbliH
XAMXUNTYYA 3pc Tac dAnraatam Gampar. XKuwsan6an 2010 oHg xmicaH [yTTMkaHga HapbliH
cyanaaumg (2013) 6GonoH XAMKA GairyynnarblH CyaanraaH snrapanT Hb 9X YYCBIP33Ca3d
wantraanaH 10 60M0H TyyH33C ONMOH AaxuH anraatam 6arHa. XanaanTbliH 3yyXHbl XyBbg €6p
XOOPOHOO0O XapumuaH agunryi 3x YycBapyyaTtanm 6on Oycag toxuongong sanrapantblH 93X
YYCB3p Hb TOCT3 BOMOBY AnrapanTbiH TOOL0O0 HAM334 Anraatan bangar. AnrapanTblH TOOLOOT
unyy camxpyynax waapgnaratan 6ereef HUNALI3ryn TOXMONZONA anvBaa 3arsapblH yp OYHT
TOoAOpXonnox GoMoMXKryr oM. TOOLOOHbLI apraynan Hb uMn T1og Gereen Xxaparnarvymg 34Arasap
apradnanbiH gaByy OOMOH Cyn Tan, Yl Hb Camxpyynax Lwaapgnararan Tanaap OWnrox mMagax
6onomxTon 6Garixaap XaHranTtTam HapunH MIANNAMUT  aryyncaH 6anx waapanaratan.
AnrapanTbiH Tanaapx M3433N3M Hb HUACTANIMIAH ©BIIMAH OHLIFOW XYHA, HOXUIUIAM TycracaH 6amx
écton. Tyxamnban, ragaag OpuYHbl HAPWWH LUMPX3MNArT TOOCOHUOPLIH (PM2.5) anrapantbir
TOOLXO[ 3yyXHbl SHOAHraac copbLl, aBax ye[ TyxanH JO0TOO[ OpYHbl TeMnepaTypaac xaMmaapaH
araap XonungcoHToW XonbooTonroop ragaag opYHbl 0OXMpANbIr AyTyy YHAaNax tan 6un. Yuup
Hb AnrapaH rapcaH Xvh A3X Xarac O3ra43MXUn dneMeHTyyd Hb XYWTOH uarT ragaag OpuHbl
araapTan XonunaoH TOOCOHUOop 6onaor. QHAXYY AUHAMMK YN ABL Hb OYPaH WaTanTbiH XAMX33
OOMOH OpYHbI HEXLIeec Wyya XxaMaapHa.

AraapblH YaHapblH 3arBapblH COHronT

lapgaag opyYHbl TOOCOHLIOPBIH X3MXK33r TOOLOXA0O0 araapblH YaHapbiH Wiyy OOMOBCPOHIyN
3areap waapgaracaH. YyHa layccbliH ISCST-3 xamaax ypcranbiH 3areapbir  alluvriacaH.
MayccbiH yperanbiH 6yx 3arBapyyn Hb TOOLOOMK By XamMxaaHa Heneenex 60auT ynn asubIr
TeAUNNeH TOoL0X Yagdarryn. YnaaHbaatap XOTblH HeXLena ra3pbiH XaBrui (YynblH XeHOAUN rax
M3T) 33P3r Hb HAPWUIH LWINPX3rNarT TOOCoHUopbiH (PM2.5) anrapanTeir 6apbaar 6ereeq 033px
3areapbir awmrnaH 60xXmpanbiH XaMXKaar Toouxon 6oamTt 6aranaac eHaep rapy 6ongor. QHaxyy
3areap Hb TyxaWH UarT sinrapCcaH HapuWH LWMPX3rnarT TOOCOHUOopbIH (PM2.5) xamxaaHaac
TyXalH ereraceH uart 6oxupanbiH Xamxad amap 6anxeir ypbaumnaH Toougor. OH3 Hb ©MHex
uartT x34uM  X3MKI3HUIM  Anrapantbir  OypTracoH Tamaapx Mmaasanan 6Gawmxryh yupaac
HUNCNANWUAH 6BNUNH YNUPMbIH 6oxupayynardunr Toouox O0NoMXrym tom. Yr 3arBapT XOTbIH
X3MXKI3H, CaNXWHbl UMMM HAr3H Xurg 6anaar rax y3caH. [9C3H X3AuNM Y raspbliH X3aBrun oyp
araapblH ypcranbir eepynex 6a XoTblH X3MX33HA araapblH Hexuen 6angan Mx93xaH anraatamn
barx maragnantan. Uimp 3apympaa araapblH ypcranbiH xandapyyn xda3raapnargMman 6anansir
yycrax 6onox 6a xvmunH 604MCbiH TI3BIPMANTMIAH 3arBapbir awurnaxbir 3eesneger. 3By
erergenunH napameTpuir 6onoecpyynaxag 60noH HWACHANUMAH Hexuen 6Gangang HWUALCIH
3areap rapraxaj UX93X3H XepeHre Laapanaratam oM.

Napaap OPYHbI araapbliH YaHapblH erergen

lapaag opYHbI TOOCOHLOPBIH M3A33MMMUAT TyXaH XAHANTbIH LUArTan XaMruiH OMp OpLUMX 39X
YYCBIPT XYYTOW LWyyn Hemneenexryh 6amx Laraac Hb LyrnyyncaH. TyXanH CYIDKIar X3MXKUNT
XUAX34 YUIMIK Mall aHxaapantanm 3arsapuuncaH 6bamx éctom Oawmpar. XKuwaanban 3am
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TanbanH XAHanT Hb 3aMblH 3PraH, TOMPOH XYpda3anaH Oym op4dHbl 6OXMPLAOMATHIH TYBLUHUN
M3O93MMNAT XaHragar 4 xefgee OpoH HyTar 60noH TOMOOXOH Tanbawr xamapcaH araapbliH
YyaHapbIr xgHaxag TeauMNANeH TOXUPOMXKTOW Oyc oM. MeH XaMXWNTUNH angaar xamrunH bara
OannraxelH Tyng YnaaHGaaTap XOTblH ©BMWWAH HexUeng TycrawnnaH 30puyncaH X3aMXKUNTWUIAH
apra xapartan. Tyxamnban, ragaaj OpYHbl araap Aaxb TOOCOHLUOPbLIH Xarac XyBupamTrawm
HAranyyq canax Xxamxa3s Hb AyflaaH Hexuen rapunH aBTomMmaT X3parcrnyyass awurnacaH 60noH
WyYyATYYpPT UyrnyyncaHel gapaa nabopatopug aBypax YEUWHXTIW xapunuaH agunryn GarHa.
Oreranunr 3eB Tannbapnax OOMOH X3p3arnaxag SHAIXYY [AMHAMUK YWN  S9BUbIT  TOOLOX
WwaapgnaraTtan.

Apyyn M3HAUWH Heneenen

OHaxXyy cydanraaHg 9dpyyn MOHAWWH advaannbil Cyypb ©BYMNeNIMAH TeneB [3X WP334YWH
OBYMONUNH XaHanaraap TOOLUCOH Tyn Mp3sayng TeneBnex OalncHaacaa eepunergex
bonowmxTon. Mnma 6mnag eepcaviiH cyganraabl xampax xypaar 10 xunasp aB4y y3caH oM. MeH
TYYHYN3H

. OHAXYy cypanraaHg awwurnacaH 3sareapyyg Hb Cyypb TYBLUHAW 3pyyynl M3IHOWAH
avyaannblH XamaapnbIl TOOLOX XapbUaHryn SHrMWH apra 6ereen upasgyviH HeXUIWAT
TOOLIOX BONOBCPOHIYM aprbir awurnax He Uyy yp AyHTanm 6amk 60mHo.

. Opyyn M3HOUMH XOXYy Yea Wnpax Heneenneec wantraanaH, 2006-2012 oHbl Hac
OapanTelH OypTran Hb araapblH OOXVMPANbIH  CYYNIUAH YEWWH Yur  XaHgnarbir
TOAOPXONIIOXOA XaHranTrym y3yynanT oM.

. Tunmaac 2006-2012 OHbI  3pyysl MIHAUWH CTAaTUCTUK  M3O33Nang  YHASICN3H
GonoBcpyyncaH GUAHUN YHAMr33 Hb 3pYYST MOHAUWH Cyypb TYBLUHUA YEUAH Y3YYNanTunr
(Hac 6apanT) awwnrnacaH Hb 604MT BananbIH XaMrmiH 6ara xXyBb OM.

XyBunbap Tyc 6ypuiH XyBbA HapWUWH LUMPXIMNArT TOOCOHUOpbIH (PM2.5) epTenTtninH XunuinH
Cyypb TYBLUMH 6onroH aBcaH 2014 oHOOC, TYPLWUATBLIH CYYNUIH Xun 6onox 2024 oHbl XOOpOHA
Xvn 6ypuiH WyramaH Mporpeccoop aBy Y3C3H. OH3 Hb ragaaj OpYHbl 3arBapuynang
WHTEPBIHUYYANNH 3PUUMTIN HIMIrAdM, XYH aMblH OrLlOM 6epunenT, XyH amblH HArtapLunbIiH
X3BLIMAN Oyc eepunent 33prvir 3eBxeH Tonm Gangnaap vwntrax oM. Yr cyganraaHg rygarap
dyHKY 6onroH awwurnacaH xag x343H |IER mypyiraap TyxaH OpOH HyTarT OpLWH Cyyx Oywn
VPraannH 3pyyI MIHAWH Y3YYN3ATUNT XU XXUN33p epTenTuinH ecent, Oyypantaap AypCarncaH.

OAAX-MIr TOOLOXO00 YMCbIH X3MXK33HL TOLOPXOW eBYHeec LantraancaH Hac GapanTbiH
X3MXKI3r awmrracaH. OHIXyy X3MXKI3ar Toouoxgoo Ipyyn MsHamiH XamxunTt, YHINrasHun
XypaanaHraac rapracaH JanxuiiH ©BunenunH Ayaanang TOOLICOHTOW agun XyBWUWT alumrnanaa.
TOOL00MCOH X3aMXK33 Hb HacHbl OyTaL eepuneraexTar XxonbooToOMroop XyBbcax XxaHgnarartam u
sMap YMInang eepyneraexunr ypbayunaH TooLox 60oMXKryn oM.

XoTbIH ©CONTUNH XyBUnbap

OpoH cyyuHbl 6Gapurra XapxaH HAMIrAaX 33P3r HUACIAN XOTbIH XOTXKUITbIH XONKMUIH LaallgbliH
TenBunr XoTblH EpeHxmnin TeneenereeHeec aBcaH. ©pTenT 6050H 3pyyn M3HAUNH TOOLIOO Hb
EpeHXM  TeneBnereeHun OWMenanTaaC wWanTraanaH TOAOPXOW XyBuap  eepunergex
Maragnantan. YYHUA HIraH agus HUNCN3N XOT PYY YUIM3CAH XYH aMblH LUIMKUNT Xe4eNreeHuin
X3MXI3r OMHeX XUMYYAUNH eCenTunH xypatram agun 6Ganxaap TaamarnaH TOOLCOH ©omnoBu
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papaarvind 10 xung 9H3 Xypa eepynergex maragnantan. TyxalH eepunenTuur ypbadunnad
Taamarnaxag XyHOApanTan oM.

TamxuganT

X3OANNrasp eBYUNeNUNH X3IMXKI3r TOOLOXA00 MA3IBXTAM TamxujanTtaac yycax apyyn MIHAWKH
Heneer Toouaorry 60NoBY 9H3 Hb OHEEMMINH CYypb ©BYNENMIAH TapXxanTbiH TYBLUMHA HONeerx
GariHa. TamxmganTblH TYBLUMH MX33X3H HAMArgax Oym Hb Oycag ax yyCBIpUKH anrapanTbir
OyypyyncaHaap rapax yp AYHraac gaBax maragnantan Tyn apyyn M3aHA3[4 Y3YynaX Heree apc
nxcax donsowryn. TyyH33C ragHa MapraXxnasc wanTtraancaH axnbliH 0anpaH gaxb Tamxugant
Hb epTenTuir ynam 6yp Hamargyymk 6arviraa 6onosy yyHunr 6ug 3arsaptaa Tycraaryn 60mHo.

[JoTooAa op4HbI araapbiH 60XUPANbIH X3MXK33

[oToon opyHbl araapbliH 60XMPANbIH X3aMXK33r 3yyxHbl AnrapanTt 60M10H Tamxugantaap rofysioH
TOOLICOH. X3aunraap O33px Goxupayynard ax yyCB3puWH snrapanT OyypCHbl XMp33p 3aMblH
xegernreeH 60N0H ragaag opyHbl 6ycag ax yyCcBapyyd, X00n Xunx, 3yn 6apux, L3aBapnarasa Xmmx
33par rapunH Hexuen Aax bycand ax yycBapyyAdac anrapax GoOXvpAnblH 33M3X XYBb MXACH3.
OHaxyy cymanraaHg Oua 3yyxHbl anrapanT Oo0OnoH TamMxupanTbir FOMAYMOH aHxaap4y Y3CaH
OOMoBY TEBUMH XxanaanTTanm awnyyablH [OTOO4 OpYHbl OOXMPAMbIH  X3MX33 TOAUWNeH
Oyypaxryn 6anx maragnantan om.

AX yMnaBapuinH anrapant

Huiicnan gsx ragaag opuYvHA YWNAB3PUNH 3X YYCB3IP33C snrapy bynm GoxupayynardumH Too
OOMOH TOAr33PUNH Tanaapx O3NrOpP3Hryn mMaaldanan gytmar 6avHa. Oaraap XyYuH 3yWnc Hb
HUMNCNAMWIAH araapbliH YaHaPT MX33X3H Heneermxk Garnraa xaaum 4 ogooroop 34r33p anrapanTtbiH
3X YYCBIPUIT TOOLIOONOOryn BOMHO.

HyypcHun Tepen

Huiicnang OnoH TePNUNH HYYPCUIAT Xaparnax 6anraaraac nxaHx ann epxyya Hananx, bBaraHyyp
00MnoH AnNarToNronH HyypCUMr xaparnax GarnHa. TaaraspuiiH xapbLaa O0MoH epXUNH 3yyXHbI
Tepneec xamaapaH ganrapy Oy’ GoOxXumpanblH X3MX33 xapwunuaH danraatam ©ariHa. 3yyxaHg
Xaparnax 6yn TYNWHWA WwaTanTbir camkpyynaxag HUACMANUNH TynwHWiA Tanaap 6apumrtnax
60410r0 MX33X3H aHxaapy axwunnacaH. HuMcnanunH araapblH YaHapbir cavxpyynax 6ycag
apra X3MX33H[ cepreep Hemneenex 3yyxXHbl yTaaHbl SANrapantbil HAIMIrAyynax HyypCHWUiA
TOpPAUAr O3MXnxryn G6anx 6ognorog xapankyynaxunr 6ug 3esnex OariHa. YYHTIW HAraH agun
OPXUH awmnrnax Oyh 3yyxHbl yTaaHbl sinrapanTbil HAMArgyynaxryh 6amx yygoHaac 6GypaH
waTantram HYypCcumnr wanrax TYPLWWUATLIr TyXanH TYMAWWAT XOPIrnaX 9XM3X33C 6MHe XUNX
Wwaapgnaratan. Xyesunbap 1-1 6ug “UpasgyiH TEXHOMOrMAH 3yyx” 3C3H TOPIIMWT LUMHI3P
opyyncaH 6a 3H3 Hb MCC-unH xeTtenbepunH AyHO HIBTPYYMC3H dAnrapantbir Oyypyynax
XOMXKIITOM  WXKMIT XIMXK33HAO Oyypyynax WWH3 TepnuiH 3yyx 6anxaap TooucoH. [3ap
AypbAcaHunaH, 0OTOO4 Op4Hbl araapbiH 6oxvpansir Oyypyyngar 3yyx awurnaxaj aHxaapax
3amMaap 3pyyn M3HOUNH ceper Heneennuur Gyypyynax 6GonomxTon tom. [9x493 TynwHUn
Tanaapx 6o4noryya Hb YaHap MyyTamn TYMLWWAT A3MXKBIN anrapanTt Hb HAM3ar4ax 6onaowryn.
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XABCPANT E.
XYH AM BA 3PYYJ1 MOHOUWH YPbOUUIICAH TONeB BANOAN

XYH aMbIH M342331231

Bug 2006-2012 OHbl XOOPOHAOX HUACAAMMAH HUMT XYH aMblH TOOr andaH écHel 6ypTran 605n0H
X3BMArACc3H MaTepuanaac aBd cyganraaHgaa awwrnacad (Mangcavixan Hap, 2011; Monron
YncblH YHaacHun Ctatuctukunind xopoo (YCX), 2007; Huncnanuind CtatuctukunH anba 2013).

2006, 2007, 2011, 2012 oHbl Oanagnaap TaBaac [OOW HACHbl XYH aMblH M3A33MNUNT
uyrnyyncaH 6a 2008-2010 oHbl gyHr 2007 6onoH 2011 OHbl XOOPOHS, LWWyramaH xamaapanTtan
LWYIYYH TaTaH TOOLCOH.

2010, 2015, 2020, 2025, 2030 OHyyAbIH HUNCMAANUNH XYH aMblH Tenes 6ananbliH (HUAT XyH am
0a TaBaac JOOLW HACHbl XyH ambliH) Magaannunr YCX-ooc aBcaH. 2014-2030 OHbl XOOPOHOOX
TenesnenTunr 2010 oHA XUWIOCAH XYH aMblH TOOMMOMbIHHATACAH AYHr awwurnacaH 6a (3ypar
E1) XyH aMblH 5 XWUNuitH OyHAAX eCenTTan Teriesrereer wyramaH xamaapnaap xapyyricaH.
2012 OHbl OyYypryyaumH XyH amblH TOOH M3O33NMMUT HUWACASNUWAH XYH aMblH TOOMNOrbIH
M3[33H33C aBcaH. XyH aMblH ©cenTuintH Tenes 6onoH Toouoor XycHart XK1-g y3yynas. Oyypar
TYC OYPUMH XYH aMblH XOTbIH HUMT XYH ampj 93M3X XyBb Hb CyAdanraaHbl xyrauaaHz TOrTMor
GariHa rax ysnaa.

©OpxunH xan6apyya

Kun 6ypuiiH HUAT ann epxuH TOONMOrbIH A3NIAPAHIYA M3ad3anan Ganraaryn 6onHo. Nnmaac
OMA XYH aMblH HArACAH TOONMOro4 TOAOPXONIICOH XyH am 6a am OynuinH Tanaapx Mag33nnnnr
awmrnacaH. ©MHe AypbAcaHuyNaH XyH aMblH TOOH M3433Mn3Mn Hb YCX-Hbl TOOLOO, X3TWUWH
TONeBTaN XxapwunuaH xamaapanTtanm 06amHa. AM OynMMH TOO Hb MOHron YNCbiH KUMUIAH
CTaTUCTUKUAH 3OMXITrang [AypacaH ©MHeX >KUAYYAUWH TOOH yayynantumH (2000-2010)
Mypynraap mnapxmminargcaH. Lyraman xamaapan Hb LeeH aMm 6ynTan epxXuH TOOr HAMIArgyymx
baricaH Tyn 6ug wnyy 60AuTOM TOOLIOO raprax 30puUnroop HUNT TOPONTUAH XIMXKIIHWUN
xaHgnarbir awmrnacad. Huit tepentunH xamxaar HYB-bIH TO4OPXOMNCOHOOP 3M3arTandyyn
HOXOH YPXMUXYWH HacaHOaa Tepex Maraanantam XYYXAuUnH AyHOaX Toor TepenTUMH TYBLUWH
OOMOH 3HA3ANNIAH XAMXKI3HA, XapbLyyrncaH baranaap XyH aMmblH ecenteep TooucoH. HYB-bIH 5
XUITMIAH HUAT TOPONTUINH X3AMXKI3HUI Toouoor erergen asy 6onox 10 XunuinH xyrauaaH gaxb
OPXUNH X3MXI3HUW Tanaapx TOO M3O39MdNTOMN XapblyynaH 3arsapynax Hb 9HIXYY XOEép
Y3YYN3ATUAH XOOPOHAbIH XamMaapsibilr TOrTOOX0A HAMAp 6onoxryn yunp 6ma rap OynumimH Xamxaa
Hb YHOSCHUIA HUNT TOPONTUAH XaMXI3HUIM XaHAanarbIr garaHa rax y3coH. MoHron YncbiH HUAT
TOPONTUMAH X3aMXK33 Hb cyynuiH 10 Xunyyasn nxaaxaH byypcaH 60noBY Laaling HAMIrgaHa rax
y33x 6anHa. HYB-aac MoHron YncbeiH amartandyyaund tepentuiid Too 2030 oH raxag BapyyHbl
TYBLUMHA ONPTOX TOTTBOPXUHO raX Y3caH (HYB-bIH SannH 3acar, HUMrMuiiH acyygan 3pXxancaH
an6a (UN DESA): XyH ambliH xantac, 2013). 2000-2010 oHyygan axwurnaracadH am 6ynunH
TOOHbI ByypanT Hb Oruom, wyramaH 6yypant 6ancaH 60N0BY OWPbIH UP3IIOYNL IHS y3YyranT
TOrTBOPXMX TeneBTan 6anHa. Minmaac 6mng 2010 oHbl Gangnaap Har epx 2,6 am 6yntan 6ancaH
AHY-bIH am OynuinH OyHOAX X3MXKI3TIW OMPONUOO MYPYWr raprax yyaHaac Eureqa TombEor
awwurnacan (LLmut Hap 2009, Biopeay 2012).3" 2010-2030 OHbI X1UN GYPUIH BPXWIAH X3MXI3T
3Haxyy Mypynraac ascaH (3ypar E2). AM GYNUIAH @PXWItH TOOT UM TYTMbIH HUNCASMNIAH XYH
aMblH TOOr aM BYNWIAH AYHOAX XOMXKI3HA, XyBaaXK TOOL0B.
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HuicnanumH xyBba ©pXUIAH OPLLMH CYY>K By ron xanbap Hb rap, 6anwmH 60M0H OPOH CyyL, FaX
TOOUOB. ['3p Hb ron Tenes MOA, 3CTUNAra3p XUWCIH MOHIOSbIH ynamxknanT cyyl, 6anlnH Hb rap
6uw, ron Tenes Mof, LeMeHT, Toocroop 6apyyHbl ynamxnanT xaB Masraap 6apbaar Har rap
6yn ambgpax cyyu, XapuH OpPOH CyyL, Hb XOép 6a TYyH33C OfOH MX3BYIM3H X3A3H apBaH awn
ambapaar ToM 6anLnH CyyubIr XamH3.

9p 6GornoH 6GanwumH Hb HuicnanuiH CtaTuctukmH anbaHaac  “rap  cyypbwun”  rox
TOAOPXONNCOH Oycag HMMTNAr Gargar 601 OpoH CyyuaHa aMmbAapAar epxyy4 Hb “OpOH CYyLHbI
Xxopoosnon” rargax raspyyaag XamruiH HUATNAM, OnHOoOopoo 6GanHa. HuicnanumH opLuunH
cyyrygag “rop cyypblwvn’-g OpWWH CyyryablH 33M3X XyBUWH (%-rap) TOO M3433NNUNAT
HucnanuiiH 2010, 2020, 2030 oHyyablH XOT TenesnenTteec aBcaH. XXun OypuiiH xaHgnara Hb
WwyramaH xamaapanTait 6aiHa (3ypar E1). Fap CyypbLlUMUn OPLUMH CYyX ©PXWUIMH 33M13X XyBUIr
rop xopoonong ambgapy 6yr OplMWH cyyryablH 33n3x xyBuac rapras (%-rap). HuncnanumH
“OpOH CcyyLHbl xopoonon”-g ambaapy 6yn epxunH 33nax xyBb (%-apartment)-uir xun TyTMbIH
xyBbg, 1-%rap rax tToouoonos. HuicnanuH CtatucTuknind anbaHaac OpoH CyyLHbl CYYpbLUAbIH
OpPXMH 99 opunM XYBUIT “OPOH CyyL’-HO OPLUMH CyYyr4 epx rax TogopxonncoH Gereepn 6ycan
Xan63apuiH cyyuaHg OpWWH cyyrdabir 6GuaHMIA OpPOH CyYLHbI CYYpbLUMbIH XyBbAd XMWAC3H
TOOLOOHA TeOUWNeH ay Xonboroonrym rax yacaH.32F:-)Bq CtatuctukunH anbaHaac rapracaH
TOOH M3[33MM133C Xapaxaj rap cyypblimn gaxb “rap” 60noH “6anwuvH’-g ambgapy 6y epxyya
xapbLUaHryn xurg TapxcaH 6anHa. 2012 oHbl 6ananaap, rop cyypblunbiH 44.2% (%-raprp) Hb
rOpT OpLUMH CcyyX Oyn 6on 6anwmnHg ambgapy Oynm epx rap CyypbLUSbIH HAAT epXuUnH 54.5%-uir
(%-rapPeamuny) 333K OariHa. Ynaax Oym Xacar Hb rap xopoonong ambaapy 6y epxuiH 33M3X
XyBb Hb TOOOPXOMW xsA3raapblH goTop Oartax Ganraa Tyn 6va 9H3 y3yynanTuir cyganraangaa
opyynaaryn ©Gereen rap xopoonong “OavwmH’-HA ambgapgar epxXunH (%-rdPeaiuns) XYyBUAT
TOOLOXA00 1-%-T3Prep MK TOOLLOONCOH. %-T3Prop OONOH %-T3P6aiumy YIYYNINTUNH XaHanara
TenBWWH Tanaapx HangBapTah maadanan Oavxryn GancaH Tyn 2013-2030 oOHbI XOOpOHA
Torrmon OarviHa rox y33B. XOpOoOornof, OPLWWH CyyX Oyl CyyLHbl Tepreep HUNT OPXUNH Toor
3ypar E3-a xapyynas.

32 ~ ~ © o o
OpxvH xanaanTtaac anrapyymk 6y anrapyynantbir XoTelH CTaTUCTUKMIAH anbaHaac TOAOPXOWNCOH “TaHcar 6anwmH” 60noH
o

“OpPOH rapryin” epxyyaniH XyBbA TOOLIOX rapraaryil. Y4mp Hb SAra3p Hb HUAT OPOH CyyuHbl cyypuwnbiH epaee 0.9% 6a 0.01%
XapwH HUAT rap cyypunbiH 1% 6a 0.2 % xyBuir Tyc Tyc 333mx 6anHa.

63



2030 OH XypTan XyH amblH 6CONTUIAH MYpPYW
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2012 2014 2016 2018 2020 2022 2024 2026 2028 2030

OH

3ypar E1. 2013-2030 OHbl XyH aMblH TOOHbI XaHzsara, OpoH CyyLiHbl GOMOH r3p CyypbLUbIH XYH aMblH
Tapxantaap. HUnT xyH am TorrBopTomn ecex 6ereef rap CyypbLUSbIH XYH aMblH TOO ByypHa ra) TOOL0X
BanHa.

YnaaH6aatap XOTbIH ain epxXunH gyHaax am 6ynunH Too
6 1 (6ogut 6oMnoH TOooUonCcoH), 2000-2030

CTaTucTuk mMagaa

ToouooncHoop

OyHpax axm 6ynuiiH Too

2000 2005 2010 2015 2020 2025 2030
OH

3ypar E2. MoHron YncelH YHAacHUI CTaTUCTUKUIH XOpooHooc rapracaH 6omnoH 2011-2030 oHbl HUAT

TOPONTUNH X3IMXKI3HUN LWyraMmaH xamaapar, 433px Tensuir awmrnad TooucoH 2000-2010 oHbl Har
©pXMIH aM OYNUIH TOOHbI LaallfbliH TONeB.
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2030 oH xypTan awn epxuiiH Tenes 6angan, Tepneep
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3ypar E3. 2010-2030 oHbl 6anpLunn 60M0H ©PXUINH OPLLUH Cyyraa Xan63pasp epXUnH TOOHbLI X3TUNH
Tenes, xaHanara. OpoH CyyLHbl XOPOOSON AaXb OPXUNH TOO HAMN33 XIMXKIIr33p HAIMIrASHI.

©OBUYNONUIH Cyypb Y3YYNanT

XyBunGap Tyc Oypasp Hac OGapanteir Ttoounoo. CyganmraaHaaCc ©MHOX XWNYYOUWH Hac
OapanTblH M3A433N13N, TYBWWHI TOrTOOCOH Hb 2014-2024 oOHbI XO0OPOHOOX Hac GapanTbiH
TYBLUMHI TOOLLOXOA Yyxan TOOH y3yynanT 6oncoH. 2006-2012 oHbl XOOPOHAOX HAc GapanTbiH
erergnuir MoHron YncelH YHASCHUA CTaTUCTUKMAH XOopoo 6onoH 3pyyn MavaunH HAamHbl
xapbsia Opyyn MaHauiiH XenknuiiH TeBMH Maa3annaac aBsnaa. 2010 oHa xmnracaH OanxunH
©BunenuiiH AvyaannblH cyganraaHg awmrnacaH Hac G6apanTbiH OyH M3433M3MTaN OyWLYYynax
3opunroop ©B4HWI OnoH YrncbiH X aHrunansir (ICD-10) awwurnacad (XycHart E1). OypbacaH
XyrauaaH gaxb TOOOPXOW ©BYHEeeC LanTraancaH Hac bapanTbiH LaalwabiH XaHgnareir xyrauaa
(>kmnn) BONOH XYH aM3yNH Y3yyNanTunH wyramaH dyHKL33p 3areapunas (XycHart E-2). Tombéo
Tyc Oyp gapaax 6angnaap 6MunrgcaH.

TyxanH X xununH Hac 6apanTbiH Too = B, + B4 X XKun + B, x HUAT XyH am

“Huit XyH am” ragar Hb TyxarH X OH Aaxb XyH aMblH T00, “XKun” rax X oHbIr Teneenex 6a aH3
Hb 4 opoHTOMm TOO (kMwa3an6an 2009) 6anHa. TyxanH esunenuiH 3areap Hb 2014-2024
OHYyyOaA rapcaH Hac 6apanTbiH TyBLWWHE y3yyncaH. 2006-2012 oHbl XyYH aMblH TOOH erergnunr
(HMAT xyH am B6a xyyxag) >xun 6ypuUrAH YHOICHUIN CTATUCTUKUIH SMX3TrON TaunaHr awurnacaH
(Mangcanxan Hap, 2011; MoHron YncelH YHAacHun CtatucTukminH xopoo, 2007). Hwwat
XampargcaH eBunenyyaumiH Hac 6apanTtbiH Toouoor XycHarT XK1-g aanrapadryn yayynas. 2024
OH XYPTANX XYH am3yrH TeneBnenTUAr 3HAXYyY XaBcpanTtag ©MHe Hb AypAcaH XyH aM3yWH
cyfanraaHbl apryyabir alwimriad raamarmnaH rapras.
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XycHarT E1. Qpyyn MaHAUNH HENeennuinH XamxuraaxyyHun ICD10 and ICD9 kofbiH H3pC
6onoH erunenyyauiH tTepen (ICD kogbir 2010 oHbl JanxuinH ©B4nenunH A4aansbiH

cypanraatan AynuyynaH COHIOCOH).

©BYHUI HIP ICD10 pyraap6ynar ICD9 pyraspbynar
3ypx cydacHbi eg4nenyyd
3YPX3HA LLyC XOMCPOX 3Mrar 120-125 410-414

163, 165-167 (167.4-c

Wurpaac 6ycan), 169.3

Llyc anpganTbiH GOMOH TapXuHBbI
romTnunH 6yc rapantan 6ycag uyc
xapsant

160-162, 169.0-169.2, 167.4

433-434, 437.0-437.2, 437 .5-
437.8

430-432, 437.2

YyuwruHel xaBgap (MereepceH XoosionH, C33-C34, D02.1-D02.2,

162-162.9, 231.1, 231.2,

OpOHXM, YYLUTMHBI XaBaap) D38.1 231.8, 235.7
Byx TepnuiiH ambCranblH 3aMblH apxar ypaBcnyyq
Yyuwrunel apxar 6ernepentes eB4vH J40-J44, J47 490-492.8, 494, 496

Byx ambcaarnbiH 0000 3ambiH apxaz xandsapyyod,< 5 Hac

Tomyy J09-J11
Str.pneumonia-aap ca433racsH 13
YYWIMHbI XaTranraa

Heamophylus influenza-aap capaaracaH J14
YYWIUHbl XaTranraa (B xaB LWWHX)

AmbcranbiH CUH3UTManNn BUPYCT J12.1

YYLIrMHbI XaTranraa

Byca/ amMbCranbiH 400/ 3aMblH J12 (J12.1-c 6ycap),

xangsapyya J15-J22, J85, P23

487

481

482.2

480.1

466, 480.0-480.9 (480.1-c
6ycan),482.0-482.9 (482.2-c
6ycan), 483-486, 513, 770.0

Xoépdoey esuyrnenyyod

Cypbes A15-A19, BOO, P37.0

010-018, 137.0-137.4, 320.4,
730.4-730.6




XABCPANT XK.

dpyyn M3HAUNH avyaannblH H3MIJIT XYCHIIT

XycHart 2K1A. XyBunbap Tyc Oyp 03X 6BYNONUNH Cyypb Y3YYNanTyyag

LlaraaH
MereepceH Laraan AmbcransiH goon YABO-e6cC
N MereepceH AmbcransiH goon
XOO0mow, ryypcaH N 3aMblH (YywruHbel apxar
2 XOO0mown, ryypcaH 3aMblH y
XyH am XO0O0Ion, 2 xangBsapaac bernepenteT YABO-HUn
OH XyH am X0O0now, xangsapbiH
(0-4 Hac) YYLUMUHBI WwanTraancaH ©BYMH) OAAXK
xaBgpaac yyLirviHe! Hac 6apanT SAAX LanTraancaH
XaBApbIH (0-4 Hac)
WwanTtraancaH OAANK (0-4 Hac) Hac GapanT

Hac 6apanT
2014 1,355,176 148,219 227 5,678 416 35,640 425 16,621
2015 1,407,196 155,551 233 5,826 435 37,290 453 17,739
2016 1,459,516 158,438 239 5,974 454 38,927 482 18,845
2017 1,511,836 161,325 245 6,122 473 40,565 510 19,952
2018 1,564,157 164,212 251 6,270 493 42,203 538 21,059
2019 1,616,477 167,099 257 6,418 512 43,841 566 22,165
2020 1,668,797 169,986 263 6,566 531 45,478 595 23,272
2021 1,715,748 168,427 269 6,723 552 47,325 628 24,583
2022 1,762,700 166,869 275 6,881 574 49,173 662 25,895
2023 1,809,651 165,310 281 7,039 595 51,020 695 27,206
2024 1,856,603 163,752 288 7,196 617 52,867 729 28,517
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XycHarT 2K1B6. XyBunbap Tyc Oyp 43X eBYNenuinH cyypb y3yynantyyq

3UX3 (3ypxaHg

Wwuraasac, uyc
angaTblH OONoH
LyC XOMCpPO~bIH

Wwurpasac, uyc
anganTbiH 60MnoH

Cypbearaac

On xpaw  E Wexomeoc BPOWM GuGmage SUSIIOM uammanca O
OapanTtaap ﬁ:ﬁ?fa”aTﬁ:acH XapBanTblH Hac Gapant
Hac 6apanT SAAX
2014 1,355,176 148,219 2,064 45,975 1,471 33,808 155 8,963
2015 1,407,196 155,551 2,151 47,903 1,493 34,321 156 8,973
2016 1,459,516 158,438 2,237 49,823 1,516 34,832 156 8,989
2017 1,511,836 161,325 2,323 51,744 1,538 35,343 156 9,005
2018 1,564,157 164,212 2,409 53,665 1,560 35,855 156 9,021
2019 1,616,477 167,099 2,495 55,585 1,582 36,366 157 9,037
2020 1,668,797 169,986 2,582 57,506 1,605 36,877 157 9,053
2021 1,715,748 168,427 2,674 59,556 1,628 37,410 155 8,963
2022 1,762,700 166,869 2,766 61,606 1,651 37,942 154 8,873
2023 1,809,651 165,310 2,858 63,656 1,674 38,474 152 8,783
2024 1,856,603 163,752 2,950 65,706 1,697 39,006 151 8,693
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OBYNIeNIMNH a4aanarn

AH (12 MKr/m®)

Cyypb 6pTeNnTuUiiH yeun

XycHarT 2K2A. HapuiH wnpxarnart ToocoHuopbiH (PM2.5)

(Twe HAX 0001)
yelredeenex oee-G ZINd YXVVO UMH-©9VA

yellredeenex oee-G ZINd YXVVO UMH-©9VA

(Twe HAX 000} ) yelredeenex oee-G Z\d
Liredeg OeH HeOLBBILLBM 206-09VA

nelredeewex oee-G'zZNd
liredeg OBH HeOJLRRILLIBIM 906-§9VYA

(TerxAAx 0001L)
velredeenex oee-G gNd (9eH #-0)
YWVYVO Hiadegrex HiIanwee ToO HiIGUeloany

(Twe HAX 0001)
velredeenex oee-G gNd (9eH #-0)
YWVYVO Hiadegrex HiIanwee ToO HiGUeloany

velredeenex oee-G ZNd (9eH #-0)
YWVYVO Hiadegrex HiIanwee ToO HiGUeloany

(TeTxAAx 0001) veLuedeenex
oee-G'ZINd (9eH p-Q) Luedeg OeH HeoueelLLrem
oeedeatrrex HiAWee Too HiAUeIdanNy

(T'we HAX 0001 ) velredeewex
oee-G'ZINd (9eH p-Q) Luedeg OeH HeoueelLLrem
oeedeatrrex HiAWee Too HIAUeIdanNy

nelredeenex
oee- G'ZNd (9eH -0 ) Luredeg oeH HeowueelLLrem
oeedeatrrex HiIAWee TooT HIAUeIdqanNy

(T'we HAX 0001 ) velredeenex
oBE—G ZINd YKVVO Hiadraex 1aHnImAA
‘noroox HeodAAl ‘vuoroox Heodeelew Heelel

nelredeenex
oee- G ZINd XVYVO Hiadraex iaHuIimAA
‘noroox HeadAAl ‘noroox Heodeelew Heelef]

(T'we HAX 000} ) ueLredeenex oee—G ziNd
liredeg oeH Heoueellrem oeedaex IGHUIMAA
‘noroox HeodAAl ‘vMoLroox Heodeelew Heelel
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HO

0.643

872
930
988

22 0.016

18.990
18.932
19.404
19.858
20.297
20.720
21.129
22.190
23.272
24374
25.497

2.077

2815

0.222
0.221

0.024
0.024
0.025
0.025
0.025
0.025
0.025
0.025
0.026
0.026
0.026

33
34
36
37

0.328
0.324
0.321

445
457
468
480
491

0.013

18
18
19
19
20

2014

0.661

0.017

24
25

2.093

2945
3074

0.013

2015

0.677

0.017

2.106
2.119

0.226
0.232
0.237

0.013

2016

0.692

1046
1104
1162
1220
1289
1358
1427
1496

0.018

27

3204
3333

3462

0.317

0.013

2017

0.706
0.719

0.018

28

2.131

39
40

0.314

0.013

2018

30 0.018

31

2142
2.152
2178
2.203

0.242
0.247

20 0.012 503 0.311
515

2019

0.731

0.019

3592

42

0.308
0.307

0.012

21

2020
2021

0.751

0.019

33
35
36
38

3737
3883
4029
4175

0.259

44
45

0.012 527

21

0.770
0.788
0.806

0.020
0.020
0.021

0.272

0.306
0.305
0.304

0.012 539
552
564

22

2022

2.227

0.284
0.298

47

0.012

22

2023
2024

2.249

49

0.012

23
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MH advaanan

MH (12 Mkr/m®) eBunenu

Cyypb 6pTeNTUH yeun

XycHarT 2K2B6. HapuiiH lwinpxarnart ToocoHuopbIiH (PM2.5)
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907
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0.012
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48

3.588
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0.011

49

2016

0.010

50
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913

0.010

2018

915
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51 0.032

3.625
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916

0.010

0.031

52
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907
898
889
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0.009
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0.706
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-blH YEUNH ©6BYN16JTMNH a4vaanan

XycHart 2K3A. HapuiH winpxarnart ToocoHuopbiH (PM2.5) Tenes 2013
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-blH YENNH 6BYN1eJIMNH avaanarn
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Executive Summary and Recommendation

Annual PM, s (fine particle) air pollution averages nearly 70 micrograms per cubic meter (pg/m?) for the
Ulaanbaatar (UB) population today and causes a substantial amount of ill health, mainly as pneumonia
in children (~130 annual premature deaths) and cardiovascular disease in adults (~1440 annual
premature deaths). PM, s exposures will grow slowly under current emissions control trends, which
include some planned reductions in emissions in most sectors. The total health impact will thus rise
somewhat over the next decade — see Trends-2013 in the figure below, which uses the preferred impact
metric for health assessments — lost disability-adjusted life years (DALYs).
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Executive Summary Figure is found as Figure 3 in the full summary

Acceleration of emissions reductions in household coal stoves and modest improvements in other
sectors, however, have the potential to considerably lower outdoor pollution and reduce total
exposures to about 70% of those today (Scenario 1).

At ~45 pg/m3, however, these annual levels would still be well above World Health Organization (WHO)
Air Quality Guidelines (10 pg/m?) or national standards in the United States (12 pug/m?). Reducing total
exposures closer to these international benchmark levels will require moving away from coal and wood
as household fuels and even more control on other sources (Scenario 2). In addition, current anti-
smoking campaigns should be enhanced so that non-smokers are not exposed to environmental tobacco
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smoke in homes. Though advanced coal stoves will contribute to lower levels of PM, 5, UB should
consider plans to move fully to household gaseous/electric fuels and district heating.

The first package of moderate control measures (Scenario 1) considered in this assessment will result in
a slow decline in impacts (Figure) and a cumulative health savings over trends in 2013, but leave annual
per capita health impacts only about 25% lower than today after ten years. A more aggressive set of
control measures (Scenario 2), however, will result in more health protection over the period and
reduce annual impacts by approximately 60% from current levels in 2024 (Figure). In terms of impact
per capita, this would represent nearly a 70% reduction over the period taking population growth into
account.

The mandate for this assessment did not include an evaluation of the costs of reducing pollution under
the two scenarios, which would have to be considered in any policy strategy. The team points out,
however, that all of the measures have been implemented in other countries and are technically
feasible in UB. Given the major health impacts that exist today, and the results of this assessment that
document the need to take aggressive actions to reduce them substantially, we urge UB authorities to
seriously consider the aggressive actions outlined in Scenario 2 of this assessment.
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Extended Summary *

Ulaanbaatar (UB) has some of the worst winter outdoor air pollution in the world, a problem of growing
concern among the public, media, and policy makers. To a considerable extent, this pollution is due to
coal heating in the residential sector, although other sources such as power plants, vehicles, and
industry play roles. Most observers agree with the need to eventually reduce emissions across the
board, but the benefits of doing so quickly rather than more slowly have remained unclear, a choice
with substantial differences in costs and strategic approaches.

Although there are other important impacts of air pollution including visibility, property values,
cleanliness, and climate, perhaps the most important is that on health. To provide better evidence of
the benefits of different strategies for reducing UB'’s air pollution, we have undertaken an assessment
focused on the aim:

“What health benefits could be expected from cleaner household stoves and
fuels and associated emissions reductions in other sectors by 2024?”

Description of scenarios
Our assessment uses a comparative framework across three alternative scenarios to 2024:

e Trends as of mid-2013 (T-13): No major changes in emissions trends from those currently
underway, which include universal use of reduced emissions coal stoves in households and
other improvements.

e Moderately accelerated improvements (Scenario 1): Improvements in all sectors beyond those
in T-13, including full deployment of even cleaner coal stoves.

e Maximum rate of improvement (Scenario 2): Health benefits based on feasible but ambitious
rates of change in all sectors including elimination of solid fuels in households.

Appendix A describes the control measures considered in each scenario.

Methods

Details on data sources, assumptions, uncertainties, and other methodological issues are provided in the
appendices. As explained below, this assessment benefits from the application of several kinds of new
information previously unavailable for assessments in UB or elsewhere.

We take advantage of the results of the Comparative Risk Assessments of the Global Burden of Disease
Project (CRA/GBD), the details of which have just been published (Burnett et al. 2014; Lim et al. 2012;
Smith et al. 2014). Among other innovations is the development of exposure-response curves that allow
scientists to determine the health effects of any level of air pollution exposure separately for all major
types of disease associated with air pollution. This, in turn, allows us to accurately estimate the change
of health impact by disease category from one level of exposure to another. The UB assessment is one

! Details of the assumptions, data sources, evidence base, and methods used in this assessment are found in
Appendices A-H.
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of the first in the world to take advantage of this new information in a policy-relevant assessment of
options.

The CRA/GBD assessment involved extensive review of the world scientific literature on the health
effects of air pollution. For five diseases, it found compelling evidence to derive quantitative
relationships between disease and pollution exposure:

Children under 5 years

Pneumonia as acute lower respiratory infections (ALRI) — Ranked #2
Adults

Ischemic heart disease (IHD) — Ranked #1

Cerebrovascular disease (stroke) — Ranked #3

Chronic obstructive pulmonary disease (COPD) — Ranked #17
Lung cancer — Ranked #18

Three of these diseases are very important in the country. Shown is their ranking among all diseases in
terms of lost life years in 2010 as determined by the Global Burden of Disease Project where IHD, ALRI,
and stroke are ranked 1, 2, and 3, respectively in Mongolia. Together they account for nearly one-third
of the lost life years in 2010 (Institute for Health Metrics & Evaluation (IHME) 2014).2 Air pollution is not
the only cause of these diseases, but this report shows it is an important one.

Although many other diseases are associated with air pollution, including tuberculosis® and low birth
weight, the CRA/GBD assessment did not find sufficient evidence to include them as effects of air
pollution. Future assessment, of course, will likely add new diseases as the evidence base improves.
Thus, in this study for UB, we restrict our analysis to these five diseases, which are also the most
important health outcomes for smoking and other types of combustion particle pollution.

A major innovation in the UB assessment is a focus not only on outdoor or indoor pollution, but on total
exposure of the population, which is driven by outdoor emissions, indoor emissions, and how the two
interact, i.e., how much outdoor air pollution penetrates into living environments. As health impacts are
driven not by pollution in any one place, but by people’s exposure to pollution in all the places they
spend time during the day (total exposure), this more accurately reflects the health benefits of changes
in emissions in different locations. This also led us to include an additional source of indoor pollution
not originally planned, secondhand tobacco smoke. A focus on total exposure is an innovation in policy-
oriented assessments. More explanation and details of the calculations are shown in Appendix D.

% see full ranking in the first table of Appendix E.

*The impact of air pollution on tuberculosis (TB) is not as well established compared to these other diseases, and there is also
no published relationship between exposure and TB. Thus, although the appendices discuss TB and provide preliminary
estimates, TB is not included in the primary results of our report.
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Local sources of information used in this assessment

We were able to use several sources of information that were not available to previous assessments of
UB air pollution, which make the results more relevant to local conditions. :

e Local statistic were used to estimate demographic and health trends, the latter by disease
category, to enable more accurate estimates of impacts. See Appendix G.

e Recent measurements of household indoor air pollution, stove emissions factors and other
household parameters for UB as part of assessment of the Millennium Challenge Account (MCA)
impact evaluation of the Energy and Environment Projects (SI, 2013).

e Stove usage and indoor pollution levels measured in gers for this project.

e New outdoor air pollution modeling conducted for this project that, for the first time, estimates
future changes under different emissions scenarios.

Note on metrics

Although there are a number of health-damaging air pollutants, the primary indicator of health effects
for combustion-related pollution is considered to be PM, s, particles less than 2.5 um in size that can
penetrate deep into the lung. More information on the health effects of this pollutant exists than for
any other, although it is recognized that observed effects for some diseases may be partly due to it
serving as an indicator of combustion pollution in general and that other pollutants play roles. Only in
the case of PM, 5, however, are there exposure-response relationships available for the major disease
outcomes and thus we focus entirely on this pollutant in our analysis.

We report the primary health results of the three scenarios across disease categories and age groups in
two ways: Premature Deaths and lost Disability Adjusted Life Years (DALYs). DALYs are the international
unit used in health studies to take into account both the age distribution of premature morality and the
severity of non-fatal diseases. DALYs from air pollution, or any other risk factor, are thus a combination
of two factors:

YLL — years of life lost by premature mortality from the risk factor compared to the world’s best life
expectancy of ~86 years

YLD — years lived with disability, which multiplies years lived with an illness or injury by a severity factor
specific to each type

These are added to obtain the DALY total for the risk factor:
DALYs = YLLs + YLDs

DALYs thus allow for combining the impacts of different types of diseases (pneumonia and lung, cancer,
for example) among different ages (children and adults, for example) into a common metric. DALYs
offer the best metric for cost-effectiveness comparisons by contrasting investments in health protection
across sectors in terms of the health benefit per dollar spent. See Appendix E for more information.
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Primary Results

Here, we discuss how population-weighted exposures to PM, s might change with different scenarios of
pollution control. We start with the current situation (Baseline) and then examine each of the three
scenarios. Then, we present the implications for health for each scenario.

Estimated exposures by scenario

This assessment estimates total exposures based on projections of outdoor and indoor air pollution
levels, combined with time-activity profiles for different populations that estimated how much time they
spend in each location. Indoor levels are affected by indoor sources, such as smoking and leakage from
stoves, as well as partial penetration of outdoor pollution indoors, which depends on house type.* We
estimate outdoor air pollution using modeling methods described in Appendix B and indoor pollution
levels using methods described in Appendix C. In Appendix D we describe the methods used to combine
the results with time-activity information to estimate total exposures. In all cases, both indoor and
outdoor sources (via penetration) contribute to indoor PM, 5 concentrations.

Figure 1 shows the estimated outdoor pollution levels over the assessment period for the three
scenarios used in the analysis of exposures and health effects. It does not take into account any new
sources of pollution that might be introduced over the period. As noted, although Scenario 1 would
greatly improve outdoor levels, it would not bring the city close to international norms in the same way
as Scenario 2.

4 . . . .
Occupational exposures were not considered in this assessment.
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Figure 1. Estimated annual average outdoor PM, s levels in UB. Shown is the average level outside
people’s homes, i.e., weighted by population distribution. This graph shows a straight-line change
between the Baseline (2014) and the three 2024 scenario values, which were the years for which
outdoor modeling was completed.® Current trends in control (T-13) are estimated to slow the rise, but
not result in a decline in pollution levels over the period considering population growth and other
changes.

Table 1 shows the population-weighted annual average exposures for Ulaanbaatar at the end of the
assessment period under the range of modeled scenarios. It also shows averages specific to populations
residing in each home type, which were weighted by population residing in each type to comprise the
city-wide population-weighted annual average.. The table also shows the percentages contributed by
exposure in different microenvironments and smoking. (Numbers illustrating differences across
residential populations and scenarios are found in Appendix D and may not add to 100% because of
rounding.)

> Modeled values for 2014 include a multiplicative factor to account for non-modeled sources and general model calibration
which was applied to all of the modeling. Modeled 2024 population weighted averages in this figure were adjusted upward by
10 |,lg/m3 to broadly account for sources not included in the modeling such as kilns and other industrial sources, fugitive road
dust, and other re-suspended dust (e.g., windblown). This 10 ug/m3 adjustment for the 2024 scenarios was not included in the
exposure modeling.
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Population Weighted Exposure Estimates -- Annual Average

Percentage of Annual Average from:

Annual
'(A:g/r;ga(; Indoor Exposures  Outdoor Exposures Ezggirrzsental SckLe

BASELINE - All Population 68.0 72 7.3 21
Ger Population 78.6 76 6.2 18
House Population 78.0 75 6.7 18
Apartment Population 57.0 67 8.5 25
T-13 - All Population 74.7 72 9.2 19
Ger Population 85.8 76 7.8 16
House Population 83.0 74 8.5 17
Apartment Population 69.8 70 10 20
Scenario 1 - All

Population 46.9 63 6.8 30
Ger Population 70.3 76 4.4 20
House Population 58.1 68 6.2 26
Apartment Population 38.4 55 7.9 37
Scenario 2 - All

Population 21.5 30 4.4 66
Ger Population 23.5 36 4.0 60
House Population 21.0 28 4.5 67
Apartment Population 21.2 28 4.6 67

Table 1. Population weighted exposure estimates.

Baseline: Currently, annual average modeled exposure for the population of Ulaanbaatar (after full
installation of MCA improved stoves) is 68.0 pg/m?>. Indoor environments contribute approximately 72%
of this exposure while outdoor exposures contribute 7.3%. The presence of smoking in homes
contributes 21%. (This is not the contribution to active smokers, but the contribution of tobacco smoke
in the environment that affects children and adults who do not smoke). Overall indoor environments
contribute the largest fraction to the population exposures that lead to health impacts. The exposures,
as expected, are higher in houses and gers compared to apartment buildings due to the presence of
district heating in apartment buildings (i.e., heating does not contribute directly to indoor PM, 5 in
apartment buildings).

Trends as of mid-2013: Under the T-13 scenario, during the next 10 years exposures will increase

modestly and retain a similar proportion from indoor, outdoor, and smoking. Higher ambient air
concentrations are largely the result of population increases in the city. Thus, the health impacts of air
pollution will likely increase.

Scenario 1: Modest additional emissions reductions from T-13 levels under this scenario would result in
a significant 31% decrease from Baseline exposures. These results are achievable by continuing to
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distribute more advanced stoves with lower emissions in gers and houses, a 70% reduction in Heat Only
Boiler (“HOB”) emissions (50% decrease in the number of HOBs as well as the implementation of
considerable emissions controls) and a 3% increase in the population living in apartments with district
heating, combined with retrofitting all currently existing power plants with emissions controls, and a
75% reduction in transportation emissions and meeting any additional electricity demand with
renewables and/or imports. Although indoor air contributions to exposure still remain relatively high,
there are substantial improvements in ambient air, which results in reduced exposures both outdoors
and indoors (via penetration). In addition, as the other sources decrease, household smoking becomes a
more dominant source of exposure. UB is to be praised for recently establishing a ban on indoor
smoking in public places, which is assumed in this study to be completely effective. More public
education may reduce household smoking in the population of Ulaanbaatar; however, this assessment
assumes it will remain at current levels during the period of analysis.

Scenario 2: More vigorous measures to reduce air pollution result in a 68% reduction in population
exposures from Baseline. Scenario 2 is based on a shift of all population in the ger districts to gaseous
fuels or district heating, decommissioning of all HOBs, a reduction in transportation emissions to roughly
13% of 2014 baseline emissions, decommissioning of power plant #2 (CPP-2), and meeting any
additional electricity demand with renewables and/or imports.

Estimated health effects by scenario

Details of the evidence base of air pollution health effects and the assumptions and calculation methods
used to make health burden estimates are found in Appendix E. Here, we first discuss the estimated
health impacts today from air pollution exposures in UB and how they are expected to change over the
next decade with current plans for air pollution control as we understand them in 2013 (T-13). Then we
summarize the expected reductions in health effects from additional moderate and aggressive control
strategies (Scenarios 1 & 2).5

Baseline: Air pollution exposures are responsible for a considerable amount of ill health in UB today as
shown in the first column of Table 2 (Baseline) in terms of premature morality and DALYs. The
distribution by disease displayed in Figure 2 shows premature mortality is dominated by cardiovascular
disease (hearth disease and stroke), while lost DALYs are primarily impacted by cardiovascular disease
and ALRI (pneumonia) in children.

Another way to consider the importance of a risk factor is the “population attributable fraction” (PAF),
which is the proportion of a disease that is attributed to it. In Table 3, we show the PAFs for each of the
five diseases and how we project them to change over the period of the analysis. At baseline, the PAFs
range from 42% for stroke to 17% for COPD. This implies that eliminating air pollution as a risk factor
would lower each disease by approximately these amounts.

® For background health conditions, we use local datasets provided by the Ministry of Health and adjust them to match
international datasets provided in the International Institute of Health Metrics website (Institute for Health Metrics &
Evaluation (IHME) 2013). These international datasets were created using methods developed for the Global Burden of Disease
and applied in many countries to estimate underlying distribution of causes of death when local death records are incomplete
or inconsistent. Appendix G shows details and a summary of differences from local statistics in UB.
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Excess Deaths & DALYs, T-13, Scenario 1, & Scenario 2 (rounded to 2 significant digits)
Accrued, 2014-2024 S':ec:;:;d Iznoizs(t Zialroc())g Incurred in Final Year of Scenario,
(per 1000 Capita) P : 2024 (per 1000 Capita)
Capita)
Deaths
T-13 16,200 (10.1) 1,710 (0.92)
Scenario 1 14,400 (9.0) 1,250 (0.92) 1,340 (0.72)
Scenario 2 11,600 (7.4) 580 (0.31)
DALYs
T-13 510,000 (310) 54,000 (29)
Scenario 1 440,000 (270) 38,000 (28) 40,000 (22)
Scenario 2 340,000 (220) 15,400 (8.3)
Table 2. Excess deaths and DALYs for the scenarios.
Deaths at Baseline (2014) DALYs at Baseline (2014)
T 1
y
A
yam|
II;' 1
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&
\
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mmE ALRI
! Stroke
IHD
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Figure 2: Distribution by disease of premature deaths (left) and lost DALYs (right) due to air pollution in UB
at present (Baseline). Note the higher importance for ALRI in the DALY distribution because it affects
young children.
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Estimated population attributable fractions (PAFs), reported as percentages, for the five air-pollution-related
diseases at baseline and at the end of the study period for each scenario.
Baseline - 2014 T-13 - 2024 Scenario 1 - 2024 Scenario 2 - 2024

Lung Cancer 19.5 21.2 13.6 4.30

IHD 18.8 19.7 15.3 6.80
Stroke 41.7 42.6 37.2 18.0

ALRI (0-4 yrs old) 32.0 34.7 21.1 4.60

COPD 16.6 17.8 12.0 4.20

Table 3. Estimated population attributable fractions.

Trends as of mid-2013: The T-13 trend shows a slow rise in health effects over the next 10 years
measured in DALYs (Figure 3). This is due partly to slowly rising pollution exposure (Table 1), but mainly
to the increasing population in the city — about 35% increase in 10 years (See Appendix G). The PAFs in
Table 3 drift slowly upwards with air pollution accounting for slightly more of each disease in 2024 than
in 2014.

Annual DALYs Lost Due to PM, ; Exposures
60,000 T , . . . . . . | ; ; r

54,500
e

50,000 1 .

-
e/eff%/
40,000 /%{/_g_/, A— - — D — A-— A A — A — A 40,100
ey 38,000
g
30,000 -

Annual DALYs
!

20,000 =N

\I'_] 15,400

10,000 + | —S—— Trends as of mid-2013
— A~ Scenario 1
- ~ Scenario 2

0+ + t t t t t t + +
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Figure 3: Estimated health impacts of air pollution over the assessment period for the three scenarios:

DALYS/year. Note: the impact declines only in Scenario 2.

Scenario 1: Figure 3 illustrates that moderate programs to reduce pollution would have only modestly
reduced the annual health burden after 10 years compared to the T-13. Figure 4 shows that a total of
nearly 2000 premature deaths would be avoided as a result. Figure 5 shows that most of the benefit
would accrue to children under 5 years of age in the form of fewer DALYs due to pneumonia, but
important benefits would accrue to adults as well. It is worth noting, however, that although Scenario 1
results in important reductions in ill health compared the T-13, it does not reduce the annual impact in
the city from the current level. In other words, it essentially just keeps up with population growth.
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The PAFs in Table 3 lower appreciably; meaning that by 2024 air pollution will have become a less
important risk factor for the population for all diseases. By 2024, the PAFs range from 12% for COPD to

37% for stroke.

2014-2024 Deaths Averted from Trends as of mid-2013
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Scenario 1 Scenario 2
Figure 4: Estimate cumulative premature deaths averted by Scenarios 1 and 2 compared to T-13 over the
assessment period. Scenario 2 would save more than 2.6 times more lives than Scenario 1.

2014-2024 DALYs Averted from Trends as of mid-2013

175,000
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Figure 5: Estimate cumulative DALYs averted by Scenarios 1 and 2 compared to T-13 over the assessment
period. Note the greater importance of child ALRI in Figure 5 compared to Figure 4.
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Scenario 2: More aggressive pollution control, including the complete elimination of solid fuel use in
households, has a much greater health benefit than moderate control. Figure 3 shows that, in spite of
population growth, the annual impact of air pollution exposure would be reduced by 60% from current
levels. As shown in Figure 5, the greatest benefits include reductions in child pneumonia and adult
cardiovascular disease.

Another way to express the results of this assessment is as per capita rather than absolute levels (see
Table 2). Figure 6 shows the trends in health impacts (DALYs) per capita as well as the estimated city
population size over the study period, which is projected to grow to about 1.9 million by 2025 compared
to 1.4 million in 2015. It shows T-13 basically retains the same impact per capita, Scenario 1 reduces
impacts per capita at roughly the same rate as population growth, and Scenario 2 produces a major
reduction in per capita effects.

The PAFs in 2024 lower substantially in Scenario (Table 3). Not only is there less air pollution exposure
and less absolute impact from air pollution, it becomes less important overall as a health hazard in UB.
It would account for less than 7% of ALRI, COPD, lung cancer, and IHD, although it is still estimated to
account for about 18% of stroke. These PAF calculations assume there is no major change in other
important risk factors for these diseases, for example salt intake, smoking, and physical activity.

Population and DALYs per 1,000 Capita as Percentage of 2014 Values
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Figure 6: Relative projected urban population and estimated health impacts (DALYs) per capita by
scenario over the assessment period with 2014 values = 100%. Scenario 1 reduces impacts per capita
slowly over time, while Scenario 2 would reduce them to about one-third of current levels.
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Conclusion

This assessment incorporated information from many sources into estimates of trends in population,
household size, household type, health status, indoor air pollution, and outdoor air pollution for
Ulaanbaatar over the study period —2014-2024. These trends are then incorporated into the health
impact estimates using state-of-the-art, internationally recognized exposure-response relationships by
disease category. Information from each of these data sources is subject to different kinds of
uncertainties and limitations both as to accuracy and to representativeness. As a result, we are not able
to assign formal uncertainty bounds to our final estimates, but do list the major limitations of our results
in Appendix F. We do believe that, although not too much emphasis should be placed on trends from
year to year or exact numbers of premature deaths and DALYs, the overall differences represent
reasonable estimates of the differences between the three scenarios over the study period for health.

The people of Ulaanbaatar currently experience mean exposures to PM, s air pollution that far exceed
international health-based guidelines and standards. Unless major new initiatives are taken, these
exposures will increase slowly over the ten years with little progress in health impacts in total or on a
per capita basis. A package of moderate pollution emission reductions (Scenario 1), however, would
reduce the total impacts over the decade by about 25% in per capita terms, but still leave mean
exposures well above international norms. A package of more aggressive controls including the
elimination of household solid fuel use (Scenario 2), however, would bring annual health effects down
by about 60% in absolute and 70% in per capita terms and exposures close to international norms at the
end of the assessment period.

The mandate for this assessment did not include an evaluation of the costs of reducing pollution under
the two scenarios, which would have to be considered in any policy strategy. The team points out,
however, that all of the measures considered in the two control scenarios have been implemented in
other countries and are technically feasible in UB. Given the major health impacts that exist today, and
the results of this assessment that document the need to take aggressive actions to reduce them
substantially, we urge UB authorities to seriously consider the aggressive actions outlined in this
assessment. By doing so, UB could follow the lead of other polluted cities such as London in the 1950s,
which although still suffering the infamous London smog episodes at the start became one of the
cleanest cities in the world after a series of policy actions starting with banning raw coal use in
households.
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Appendix A. Summary of Scenario Assumptions and Data Sources

An estimate of the health benefits associated with varying degrees of air quality mitigation depends
upon both current and future trends in home fuel use, and cannot be isolated from trends in other
major sources of air pollution like power plants and transportation. Based on interviews with senior
officials, who all expressed the need for and feasibility of fairly rapid transformation of the
energy/pollution situation in the country, our study includes a 10-year scenario period, starting from a
baseline of Jan 2014. Baseline heating practices, power plant function, and vehicle activity are estimated
from government reports and recently published journal articles, while T-13 (trends as of mid-2013)
trends are projected from reasonable assumptions informed by government projections and the
expertise of project members. Two alternative scenarios are also formulated to demonstrate how
moderate and strong improvements over T-13 to the three aforementioned sectors are likely to affect
air quality.

Baseline and scenario activities were then translated into outdoor concentrations of respirable
particulate matter (PM, ) as well as indoor PM, 5 concentrations by stove and house types. Using time-
activity estimates, total exposures are then estimated for adults and children separately. Methods for
concentration, exposure, and health burden assessments are discussed in their respective appendices.

Household heating scenarios 7

Houses and gers were originally heated by burning raw coal in simple metal heating stoves. Although a
number of projects over the last 10 years distributed stoves designed to burn coal more efficiently and
reduce emissions, the coverage by these projects was very low, and the vast majority of dwellings still
use traditional heating stoves. The U.S. Millennium Challenge Corporation (MCC) through its compact
with the Government of Mongolia introduced a program in 2011 to encourage replacement of
traditional stoves with subsidized top-lit updraft coal burning lower-emission stoves. As part of this
compact approximately 97,230 stoves were distributed consisting of the Ulzii, the Khas, and the Dul
stove types (“MCA stoves”). An independent impact evaluation indicated the program resulted in an
overall reduction in emissions in grams PM, 5 per day of approximately 67% when weighted by the
overall distribution of the different stove types in the 97,230 stoves subsidized in Ulaanbaatar, with a
corresponding 16% reduction in indoor air pollution levels (see model in Appendix C below).

Subsequently government officials and local air quality experts indicate the Government of Mongolia
had a near term goal of replacing all traditional stoves with these lower emission models, with subsidies
for an additional 45,000 planned for 2013, and full coverage shortly afterward. 8 Other heating types for
dwellings include: general household heating stoves fired with semi-coking fuels (“semi-coking stoves”);
low pressure boilers (“LPB”) burning coal used to heat household radiator systems; heat only boilers

7 Estimated emissions from stoves, HOB, and vehicles were scaled upward by a factor of 2.85 to reconcile with current ambient
measurements. This scaling was retained for all scenarios.

& While traditional coal stoves were in existence during the winter of 2013, we assume the Clean Air Project meets its goal of
replacing 100% of such stoves with MCA/TLUD stoves by 2014.
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(“HOB"”), which create outdoor emissions but negligible indoor emissions; and centrally-distributed
steam that is produced during combined electricity and heat generation (Social Impact (SI) 2013a).

We also include in our projections a separate category for “other clean heating types.” These produce a
negligible amount of PM, s and are expected to become more accessible as the government’s energy
and development plans progress. We also include a hypothetical “future tech stove” that provides an
additional 60% emissions reduction and approximately 16% indoor concentration reduction over the
MCA TLUD stoves.® “Stoves” are relevant only to house and ger household types and are applied one
stove per household. LPB are relevant to houses and are applied one stove per household, and HOB are
relevant only to apartments. Distributed steam and other clean heating types can be employed in all
home types, though central steam is considered unlikely in gers.

Baseline MCA stove prevalence is estimated from government implementation plans and 2013 bank
figures of MCA stove sales (Social Impact (SI) 2013a). Government implementation plans as conveyed to
us by government officials suggest a near-term goal of installing MCA stoves in 100% of ger and house
homes that do not otherwise have LPB, clean heat, or semi-coking coal-fired stoves. For this reason it is
assumed that MCA stoves are employed in 100% of gers located outside of Bayangol,10 and 100% of
non-LPB houses outside of Bayangol.11 We assume 20,000 LPB households (19% of houses) with one LPB
per home, based on information provided to us by government officials at the Clean Air Fund. This is
consistent with recent data, which show 14,186 LPB households in 2010 (National Statistics Office of
Mongolia (NSOM) 2012). The National Bureau of Statistics identified 86% of apartment dwellings relying
on steam heat from cogeneration in 2012, a percentage we conservatively assume remains constant
through 2014." Remaining apartment households (14%) are assigned heating from HOB, which are
distributed to the 189 HOBs that government officials indicated were in use as of winter 2013-2014."

Trends as of mid-2013 (T-13) will see all ger and non-LPB households’ transition to MCA stoves — this is
distinct from baseline in that homes in Bayangol in 2014 are assumed to rely on semi-coking coal stoves.
The number of LPB houses will remain constant at 20,000. An increase in the number of HOB is unlikely
as it is an outdated technology, and we assume the same 189 HOB service the same number of
households in 2024 (T-13) as they serviced in 2014. At 14% of 2014 apartment households, this number
works out to be 25,488 apartment households, or 6% of 2024 apartment households. The remainder of
apartment households will rely on clean heating or distributed steam. In Scenario 1, 100% of ger
transition to the Future Tech stove, 50% houses transition to the Future Tech stove, and 50% of houses

° The intent of the Future Tech stove is to simulate the introduction of a stove type that provides a reduction in PM, ;5 emissions
and exposures from the MCA stoves that is of the same magnitude as the reduction in emissions and exposures that the MCA
stoves provided over the traditional coal stove.

19 A raw-coal ban that was in effect in Bayangol as of the publishing of this report means that only semi-coking coal is allowed to
be burned. From 2012 census data, we identified 7% of ger households and 6% of house households in these districts.

Yeor simplicity and a lack of data suggesting otherwise, the 20,000 LPB houses are assumed to be located outside of Bayangol.
12 No change in the percentage of residents using distributed steam is conservative, because an increase, which would move
households away from the dirtier alternative of HOB, is actually most likely. This will keep our baseline emissions estimates
slightly lower than would an increase in this percentage.

13 personal communication with Dr. Battogtokh Zagd, Senior Lecturer, School of Power Engineering, MUST - Fall 2013.
Ulaanbaatar, Mongolia.
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transition to “clean” heat. Half of all HOB operating at Baseline are decommissioned, leaving 50% fewer
apartment households relying on HOB (12,744). These homes change to clean heating and distributed

steam, bringing the number of apartments with clean heat up to 402,451. In Scenario 2, 100% of ger and
house households transition to clean heat. All HOB are abolished, and 100% of apartment households
rely on distributed steam or clean heat. Summary tables of the number of each type of stove used by
household type for baseline, T-13, and each scenario can be found below (Tables A-1, A-2).

Household heating types at baseline (2014) and in the projected scenarios

Percent Number Per;:;nt Number Percent of IX“Z:Z:QZ];
of Gers of Gers of Houses Apartment P
Houses Households
Households
2014 - Baseline
MCA Stove 93 80,122 75 79972 0 0
Stove w/Semi-Coking Fuel 6123 6 6381 0 0
Low Pressure Boiler 0 0 19 20000 0 0
HOB 0 0 0 0 14 25488
Clean: distributed steam, gas,
elec 0 0 0 0 86 154230
2024 -T-13
MCA Stove 100 94834 83 96943 0 0
Low Pressure Boiler 0 0 17 20000 0
HOB 0 0 0 0 6 25488
Clean: distributed steam, gas,
elec 0 0 0 0 94 389707
2024- Scenario 1
Future Tech Stove 100 94834 41 48472 0 0
Low Pressure Boiler 0 0 17 20000 0
HOB 0 0 0 0 3 12744
Clean: distributed steam, gas,
elec 0 0 41 48472 97 402451
2024- Scenario 2
Clean: distributed steam, gas,
elec 100 94834 100 116943 100 415195

Table A-1. Household heating types at baseline and for the scenarios.

MCA stove emissions profiles weighted by the prevalence of Ulzii, Khas, and Dul stove sales are detailed

in the Sl impact evaluation final results report (Social Impact (SI) 2013a). Data on the emissions profiles

of low-pressure boilers and semi-coking coal stoves in UB were unavailable, and so they were

conservatively assigned the emissions profiles of MCA stoves. “Future Tech” stove emissions are
assigned by applying to the MCA emissions profile the same reduction seen in the transition from
traditional coal stoves to MCA stoves during the Sl impact evaluation. HOB emissions are informed by a
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2013 Japan International Cooperation Agency (JICA) PM,, emissions inventory prepared for HOBs. All
stack emissions are assumed to be in the PM, 5 size range. These inventories are used with no
modifications for the year 2014 and year 2024 T-13 PM, 5 emission inventories. Scenario 1 (2024)
assumes an overall 70% reduction in HOB emissions, which is consistent with adoption of high efficiency
cyclone as a control strategy (JICA 2013). 2024 Scenario 2 assumes all HOBs are decommissioned.
Overall emissions are summarized in Table A-3.

Estimated Household Numbers in 2014 and 2024
2014 2024
Total Households 372317 626972
Ger Households 86246 94834
House Households 106353 116943
Apartment Households 179718 415195

Table A-2. Estimated household numbers in 2014 and 2024

HOB Emissions for the Scenarios
Scenario HOB Emissions
(tons PM, s/year)
2014 Baseline 1,300
2024 T-13 1,300
2024 Scenario 1 390
2024 Scenario 2 0

Table A-3. HOB emissions for baseline and the scenarios.

Power plant emissions scenarios

JICA (2013) prepared a year 2010 PM,, emission inventory for each of the four existing combined heat
and power (CHP) plants (CHP-2, CHP-3 (two units), and CHP-4). All stack emissions are assumed to be in
the PM, 5 size range and these inventories are used with no modifications for the year 2014 PM, 5
emission inventories. The year 2024 Trends as of mid-2013 (T-13) inventory retained these emissions
and included a new power plant (CHP-5). In summer 2013 a Memorandum of Understanding was signed
between the Mongolian government and GDF Suez SA group, which will build the plant. The current
design is for a 450 MW plant. There has been discussion of eventually expanding the capacity to 820
MW and this larger size was for the 2024 scenarios (Ulaanbaatar Clean Air Project (UB CAP) 2012). Few
details are currently available for this facility, which is planned to start operation by 2017 with a location
about 15km east of the UB Central Business District. Emission rates depend on the plant efficiency and
coal quality. A generic contemporary design is assumed with an electricity generation rate of 1870
kWh/ton coal and a coal heat content of 19.53 MMBtu/ton. The plant is assumed to meet the U.S. New
Source Performance Standard (NSPS) for electric utility power plants which is 0.015 Ib PM/MMBtu.
Assuming the plant operates continuously throughout the year, the estimated PM emissions are 511
tons/year and all emissions are assumed to be in the PM, s size range. Scenario 1 assumed all the above
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but high efficiency control devices, such as electrostatic precipitators (ESP), installed on units CHP-2, -3,
and -4. The PM capture rate is assumed to be 98%, which is a conservative estimate because properly
designed and operated ESPs typically have capture efficiencies exceeding 99%. This would be a
significant upgrade to the existing infrastructure at the UB CHPs, which includes wet scrubbers or ESPs,
depending on the facility. The 98% capture rate is applied to an assumed uncontrolled emission factor
of 16.6 kg PM/ton coal. Scenario 2 assumes all the above but with CHP-2 decommissioned. Any
additional electricity demand in 2024 that is not met by the UB power plants is assumed to be supplied
by renewables and/or imports with no impacts on UB air quality. Overall emissions are summarized in
Table A-4.

Power Plant Emissions for the Four Scenarios
Scenario Power Plant Emissions
(tons PM, s/year)
2014 Baseline 11,500
2024 T-13 12,000
2024 Scenario 1 1,900
2024 Scenario 2 1,830

Table A-4. Power plant emissions scenarios

Motor vehicle emissions scenarios

Bottom-up emission inventories for motor vehicles require detailed information about the vehicle fleet,
annual miles traveled by various vehicle classes in the fleet, and emissions per vehicle mile traveled. This
can depend on several factors including vehicle emission controls, vehicle age and maintenance, and
roadway congestion. The development of a comprehensive bottom-up inventory is beyond the scope of
this project. Instead, the approach is based on simple scaling of an existing inventory. JICA (2013)
prepared a year 2010 PM,, emission inventory for motor vehicles traveling on major and minor roads.
All vehicle exhaust emissions — this inventory does not include brake wear, tire wear, or resuspended
dust — are assumed to be in the PM, 5 size range. Year 2014 PM, s emissions are estimated as 1.7 times
the 2010 inventory to account for growth in the number of registered vehicles —a nearly 100% increase
between 2010 and 2013 — that is partially offset by the vehicle travel day ban program. This simple
scaling approach does not account for changes in the fleet composition over time, but insufficient
details for the JICA 2010 inventory are available to make more sophisticated projections. The year 2024
Trends as of mid-2013 (T-13) Scenario inventory is assumed to be 1.3 times the 2014 inventory. This
estimate is based on an emissions growth rate of 2.5%/year over the 10 year period. While this growth
rate might seem low given the recent trends in vehicle registration, a higher growth rate seems
intractable given the existing transportation network infrastructure. Scenario 1 (2024) assumes all the
above but emission reductions consistent with adoption of Euro V emission standards compared to Euro
Il standards. For diesel vehicles the Euro V PM emission standards are 80%-93% lower than the Euro IlI
standards depending on vehicle class. There are no Euro standards for PM emissions from gasoline-
fueled vehicles and thus 90% overall reduction would not be realized. However, gasoline vehicle Total
Hydrocarbon (THC) standards are 50% lower for Euro V compared to Euro Ill. This may result in some
PM reductions for the cold wintertime conditions, which favor semivolatile gaseous compounds
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entering the particle phase. Overall, a 75% reduction in emissions compared to year 2014 is used.
Scenario 2 (2024) assumes all the above but with an additional 50% reduction compared to Scenario 1.
Opportunities for such reductions include but are not limited to higher adoption rates for mass transit
use, transportation network enhancements to improve traffic flow, and adoption of Euro VI standards,
which include an additional 50% reduction in PM emission rates from heavy duty diesel vehicles
compared to Euro V standards. Overall emissions are summarized in Table A-5.

Motor Vehicle Emissions for the Four Scenarios
Scenario Motor Vehicle Emissions
(tons PM, s/year)
2014 Baseline 384
2024 T-13 500
2024 Scenario 1 9%
2024 Scenario 2 48

Table A-5. Motor vehicle emissions for the four scenarios.
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Summary of Emissions Assumptions and Data Sources

2014 (Baseline)™

Stoves — 100% of stoves are either MCA, semi-coking, or low pressure boiler (all assume emissions
profile of MCA stove, with emissions data from MCC/SI)

HOB — 189 HOB service 14% of apartments, emissions from JICA 2010 PM10 inventory (assume all PM, )
Vehicles — emissions 1.7 times JICA PM10 inventory (assume all PM,s), 1.7 multiplier to account for
dramatic increase in vehicles and congestion since 2010

Power Plants — emissions from JICA 2010 PM10 inventory (assume all PM,s)

2024 T-13 — Continued Trends as of 2013

Stoves — no technology change (there is a small increase in number of stoves)

HOB - no change

Vehicles — 130% of Baseline emissions from emissions growth rate of 2.5%/year

Power Plants — no change in existing plants, bring CPP-5 online and any additional electricity demand
met by renewables and/or imports, emissions at 104% of Baseline

2024 Scenario 1 — Moderately accelerated improvements

Stoves — 20,000 stoves remain as low pressure boilers (low pressure boilers assume emissions of MCA
stove), the balance have Future Tech emissions (40% of MCA emissions, i.e. 60% reduction)

HOB — 70% reduction from Baseline emissions, installation of high efficiency cyclones, reduction in
number of HOBs by 50%

Vehicles — 25% of Baseline emissions, adoption of Euro V

Power Plants — 17% of Baseline emissions, installation of 98% efficient control devices (e.g. electrostatic
precipitators) on CPP-2,-3, and -4

2024 Scenario 2 — Maximum rate of improvement

Stoves — no emissions from stoves (all converted to gas, clean liquids, or electricity)

HOB — no emissions from HOB (all decommissioned)

Vehicles — 13% of Baseline emissions, adoption of Euro VI

Power Plants — 16% of Baseline emissions, Scenario 1 assumptions plus decommission CPP-2

% Estimated emissions from stoves, HOB, and vehicles were scaled upward by a factor of 2.85 to reconcile with current ambient
measurements. This scaling was retained for all scenarios. This analysis neglects kiosks stoves, small HOB, industrial emissions
(e.g., kilns), and re-suspended road dust.
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Appendix B. Outdoor Ambient Air Quality Modeling

Ambient air quality modeling methods

Air quality modeling was conducted to estimate outdoor PM, s mass concentrations. The modeling
methodology closely follows that used for an impact evaluation of the MCA Mongolia Energy and
Environment Project Energy Efficient Stove Subsidy Program conducted by Social Impact (SlI) for the
Millennium Challenge Corporation, in this case expanded to include additional emission source
categories and emissions scenarios (Social Impact (SI) 2013a). The modeling framework was described
in the Sl impact evaluation final results report and thus is only briefly summarized here. Ground-level
outdoor PM, s concentrations were estimated using the Industrial Source Complex Short-Term, version 3
(ISCST3) dispersion model (US EPA 1995). Modeling was conducted at hourly resolution for the period
June 2012 — May 2013 using temperature, wind speed, and wind direction from air quality monitoring
station #4 (UB04) in the National Agency for Meteorology Hydrology and Environmental Monitoring
(NAMHEM) network, and mixing layer height and solar radiation estimates from the NOAA HYSPLIT
(NOAA Hybrid Single Particle Lagrangian Integrated Trajectory) model (Draxler and Hess 1997, 1998;
Draxler 1999). Average concentrations were generated for daytime (8 AM to 6 PM) and nighttime (6 PM
to 8 AM) and for winter (October through March) and summer (April through September).

Emissions from residential heating stoves, heat only boilers (HOB), motor vehicles, and combined heat
and power (CHP) plants were included in the model. Other sources not included in the model are
heating stoves in kiosks, industrial emissions including kilns, resuspended road dust, and windblown
dust. Existing power plants were modeled as point sources using available geographic location and stack
properties data (JICA 2013). Residential heating stoves, HOB, and motor vehicle emissions were
modeled as area sources. The greater UB region was discretized into 6,298 grid cells, each with
dimension 1 km x 1 km. Emissions were allocated to these grid cells and the center of each grid cell was
used as a receptor site for which modeled PM, s concentrations were generated. Two districts —
Baganuur and Bagakhangai — were excluded from the modeling and exposures to outdoor PM for these
areas were handled outside the model.

The Sl impact evaluation final results report provides a detailed description of the approach to estimate
residential heating stove emissions and to allocate these emissions in space and time. Briefly, emission
testing conducted in more than 200 dwellings included measurement of PM in the stove flue. These
data were used to estimate emission factors (g PM,s/kg coal) for traditional stoves and different
manufacturers and models of MCA program stoves with separate factors for stoves in gers and houses.
Daily average coal consumption rates during three phases of the heating season (late fall, winter, and
early spring) were estimated from a survey of 1096 households conducted for the impact evaluation.
These rates were also stratified by stove type and dwelling type. The hour of day profile for stove
emissions was estimated from the survey data with emissions assigned to the hour of fueling events.

Stove distribution lists provided by Khan Bank and Khasbank were used to determine the sales number
of each MCA stove type in each khoroo. Khoroo-level data for MCA stoves were allocated to the 1 km x
1 km grids using Geographical information System (GIS) software. Ger area khoroo boundaries were
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clipped to include only the populated areas. Stoves were allocated to the grid using area-weighted sums.
Total residential heating stoves in each khoroo were estimated using the 2012 household census and
initially assuming one stove for ger area household (whether ger or regular hose) (National Statistics
Office of Mongolia (NSOM) 2012). The number of residential heating stoves in each khoroo was
increased by 20% to account for multiple dwellings in a household (e.g. a house and a ger) (Japan
International Cooperation Agency (JICA) 2013). The year 2014 scenario treats all non-“Future Tech”
stoves as MCA stoves.

Projected stoves sales in each grid cell (i.e. stoves to dwellings not purchasing a stove during the MCA
program) were allocated at the same proportion of stove sales, by house and ger, as the actual MCA
stove sales. For grid cells with five or fewer MCA stoves, the projected stove sales were allocated using
the overall program sales fractions. Data on the emissions profiles of low-pressure boilers in UB were
unavailable, and so they were conservatively assigned the emissions profiles of MCA stoves. “Future
Tech” stove emissions are assigned by applying to the MCA emissions profile using the same reduction
seen in the transition from traditional stoves to MCA stoves during the Sl impact evaluation. Projected
changes in the number of ger stoves between 2012 and the 2014 and 2024 scenario years were
distributed across grid cells in proportion to the number of 2012 ger households. The same approach
was taken for houses Low-pressure boilers and Future Tech stoves were allocated in proportion to the
number of houses in each grid cell. Residential heating stove emissions were assumed to be zero during
the summer period.

Dr. Sarath Guttikunda provided 0.01°x 0.01° emissions fields for the source categories included in his
year 2010 inventory (Guttikunda et al. 2013). These fields were re-projected in GIS for this project by
first contouring the 1°x1° data and then calculating area weighted means for the 1 km x 1 km grids.
HOB and motor vehicle emissions used for this project were spatially allocated in proportion to the re-
projected fields obtained from Dr. Guttikunda. HOB emissions were allocated by month using the
weights obtained from Dr. Guttikunda and were assumed to be zero during the summer period. Motor
vehicle emissions were held constant for each season and were allocated to hour of day using a typical
urban profile with morning and afternoon rush hour peaks.

Khoroo-level year 2012 population by dwelling type (ger, houses, and apartment) was also allocated to
the 1 km x 1 km grids using area weighted sums. Projected changes in the ger household population
between 2012 and the 2014 and 2024 scenario years were distributed across grid cells in proportion to
the 2012 ger household population. We took the same approach for the population residing in houses.
Projected changes in the population residing in apartments were allocated in proportion to the total
population in each grid.

In addition to the four scenarios we examined, air quality modeling was conducted to evaluate model
performance through model-to-monitor comparisons. Limited outdoor PM, s data are available for this
comparison. For example, during the 2012-2013 heating season PM,s mass concentration data were
collected with high data completeness by NAHMEM at one location - air quality monitoring station #2
(UB02). This site is next to a major roadway and likely has high impacts from traffic that cannot be
resolved by the model. Thus, outdoor PM, s data collected by Ecography and Ecoworld under contract
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from MCA were used for the comparison. The sampling locations, methodology, and key results are
presented in the S| impact evaluation final results report (Social Impact (SI) 2013a). Briefly,
measurements were conducted from January 22 to April 22, 2013, at four locations within ger areas or
at the boundary of ger areas. PM, s samples were collected onto filters for 24-hour periods (noon-to-
noon) every two-to-three days and subsequently analyzed for PM, s mass concentration and chemical
composition. Data from January 22 to March 2, 2013, were used for the model-to-monitor comparison
with 19 samples per site. The 2014 projected inventory was used except that residential stove
emissions were calculated using the actual MCA stoves sales with the remaining residential stoves
assumed to be of traditional design.

The measured average PM, s concentrations at each site, shown by the single-crossed bars in Figure B-1,
demonstrate high spatial variability with up to a 50% difference between sites. The sample time period
was also modeled with the average concentrations, including all days between January 22 and March 2,
shown by the red bars in Figure B-1. Modeled concentrations are much lower than the measured values
and are less variable between sites. There are several possible reasons for these differences including,
but not limited to, the emissions for these sources being underestimated and the model not being able
to account for the trapping and accumulation of emissions from one hour to the next. The model was
reconciled to the measurement data by increasing the residential stove, HOB, and motor vehicle
emissions by a factor of 2.85, which is the value of the four measured-to-modeled concentration ratios.
The green bars in Figure B-1 show the modeled PM, 5 concentrations after this scaling. Assuming the
only error was in the emissions inventory, the nearly threefold increase of the projected JICA 2010
inventory is still lower than the inventory projected by Guttikunda et al. for 2010 for each of these
source categories (Guttikunda et al. 2013; JICA 2013). While the scaling increases the emission
inventory for these sources by about a factor of three, this places the effective emissions between those
projected from the year 2010 inventories prepared by JICA and Guttikunda et al. Thus, the scaled
emissions were deemed reasonable because they are bounded by the best available inventories. Power
plant emissions were not scaled because the JICA and Guttikunda et al. inventories are relatively similar
and emissions from tall stacks are less likely to be trapped and accumulate at ground level. This
residential stove, HOB, and motor vehicle emissions scaling was applied to all of the modeled scenarios.

Ambient air quality modeling results

Figure B-2 shows the winter season (October-March) average outdoor PM, 5 concentrations for the
scenarios. Scenario 2 values for 2024 are excluded because the highest average concentration attributed
to the modeled sources was ~3 pg/m?>. For the three scenarios shown in Figure B-2, the model predicts
large variations in PM, s mass concentrations across UB with highest concentrations in the ger areas
where residential stoves and HOBs have the largest impact. Given these large spatial variations, outdoor
concentration levels between scenarios are compared using population-weighted measures. Table B-1
presents the population-weighted mean outdoor PM, 5
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Measured vs. Modeled Outdoor PM, .,

January 22 — March 2, 2013
500 : .

450 1 Measured
Il Modeled
5AA  Scaled Modeled

400 +

350 +

-

R
5

300 +

L
55

.'.
@

o

£

Bl
”

250 +

K o
XK

R

*

200 +

K
55
o

,
%
"

777
7
%

&

G
55

v

LA

3
%6

150 +

X

SIS A III SIS I,

R
55

%
e

,
55

100 +

A
55

aba,

Average PM, . Concentration (pg/m3)
8

R o
555

50 +

.,
0.0
IR

>
“

£y
o

K
X
’v

Site 1 Site 2 Site 3 Site 4

Figure B-1. Measured and Modeled PM, 5 Concentrations at Four Sites for the Period January 22 — March
2,2013

Scenario 1 reduces 2024 wintertime population mean concentration by 60% compared to the 2024 T-13
scenario, but the mean concentration value of 69 pg/m? is still quite high. Figure B-3 shows box plots for
the population-weighted distribution of wintertime outdoor concentrations. For each of the three
scenarios, 10% of the population resides in areas with PM, 5 outdoor concentrations ~50% higher than
the mean scenario-specific outdoor concentration reported in Table B-1.
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Figure B-2. Winter Average Outdoor PM, s Concentrations for the Scenarios
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Population Weighted Mean PM, s Outdoor Concentrations (p.g/m3) by Season

Summer Winter
Scenario Ger House Apt.
Total Pop.  Total Pop.
Pop. Pop. Pop.
2014 6 138 137 144 133
2024 T-13 19 163 162 169 161
2024 Scenario 1 12 69 70 72 68
2024 Scenario 2 10 12 12 12 12

Table B-1. Population weighted mean PM, s outdoor concentrations by season.

Population Weighted Wintertime Outdoor PM, . Concentrations

250
200 4
E
"&b
=2
e 150 4
(=]
=
m
£
<]
€ 100 4
8
m- T
~
g
50 4
0 T . g
& ) "y
‘_,Q}\(\ »g"\’ }\\
@ > &
N > &
>
S

Figure B-3. Population Weighted Wintertime Outdoor PM, s Concentrations

> Modeled values for T-13 2024 summer total pop., winter total pop., winter ger pop., winter house pop., and winter apt. pop.
were 9, 153, 152, 159, and 151 ug/m3, respectively. Modeled values for Scenario 1 2024 summer total pop., winter total pop.,
winter ger pop., winter house pop., and winter apt. pop. were <2, 59, 60, 62, and 58 ug/m3, respectively. Modeled values for
Scenario 2 2024 summer total pop., winter total pop., winter ger pop., winter house pop., and winter apt. pop. were <1, <2, <2,
<2, and <2 pg/m3, respectively. This is quite reasonable for the sources we included, and these outdoor values are included in
the exposure assessment. However, in this table only, we upwardly adjust by 10 ug/m3 in order to broadly account for sources
not included in the modeling such as kilns and other industrial sources, fugitive road dust, and other resuspended (e.g.
windblown) dust.
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Appendix C: Indoor PM, 5 Air Pollution Estimates

Indoor concentrations of airborne particles smaller than 2.5 um in diameter (PM,s) are estimated by
home type, household heating source, smoking status, and season. This analysis includes all home types
most relevant to the Ulaanbaatar context: gers, single family houses, and multi-family apartments.
Home types are described in further detail in Appendix A.

Heat source, smoking, and indoor concentrations

Government officials and local air quality experts have indicated that the heating types most common in
Ulaanbaatar include traditional coal-fired household stoves (“traditional stoves”), top-lit updraft stoves
(Ulzii, Khas, and Dul) that have been shown to collectively reduce emissions compared to traditional
stoves distributed as a component of the Millennium Challenge Energy and Environment Project (“MCA
stoves”) (Social Impact (SI) 2013b), general household heating stoves fired with semi-coking fuels
(“semi-coking stoves”), Heat Only Boilers (“HOB”), Low Pressure Boilers (“LPB”), and centrally-
distributed steam that is produced during combined electricity and heat generation (“distributed
steam”). We also include in our projections a separate category for “other clean heating types” (e.g., gas
and electricity) that we expect will become more accessible as the government’s energy and
development plans progress, as well as a hypothetical “future tech stove” that provides an additional
reduction over the MCA TLUD stove and is described in more detail in Appendix B. “Stoves” are relevant
only to house and ger household types, LPB are relevant to houses, and HOB are relevant only to
apartments. Distributed steam and other clean heating types can be employed in all home types, though
central steam is considered unlikely in gers.

Observation suggests that indoor PM, 5 concentrations in UB are driven primarily by heating appliances
and environmental tobacco smoke (ETS). The vast majority of ger and houses rely on the combustion of
solid fuels like wood and coal in small chimney stoves to meet their heating needs. Such stoves are
known to emit considerable amounts of PM, 5 both indoors and out (Cowlin et al. 2005). Moreover,
smoking rates in Mongolia are among the highest in the world, with recent national rates identified as
high as 65% in males 15 years and older and 21% among corresponding women (Baigalmaa et al. 2006).
The 2012-2013 survey of Ulaanbaatar households performed by the Social Impact project team
identified 58% of houses and 62% of gers as dwellings with at least one smoker, though no data were
available on apartment households (Social Impact (SI) 2013a). While these results are not
comprehensive, they are likely a fair approximation of the general population. Our indoor concentration
estimates thereby include a citywide average smoking prevalence of 60 percent of households, which
may be conservatively high (WHO 2010). Recent nation-wide bans on indoor smoking in public areas
suggest indoor ETS may only make considerable contributions to exposure in personal, private indoor
environments. The indoor concentration estimates thereby assume ETS occurs only at home indoors.
The conservative assumption is made that smoking rates remain constant during 2014-2024.

Indoor PM, 5 concentrations measured in gers and houses as part of the impact evaluation of the MCA
Mongolia Energy and Environment Project Energy Efficient Stove Subsidy Program conducted by Social
Impact for the Millennium Challenge Corporation are used to estimate the contribution of various stove
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types and ETS to indoor concentrations. The sample of homes was drawn from a larger household
survey of 1096 homes conducted 3 times over the winter heating season 2012/2013. The sample
population for the household survey included residents of Ulaanbaatar’s Bayangol, Bayanzurkh,
Chingeltei, Khan-Uul, Songino Khairkhan, and Sukhbaatar Districts. With the exception of Bayangol,
these were target areas for stove distribution in order to achieve the highest reductions in PM
throughout the city at the earliest possible date, as they are the most heavily polluted areas in the city.
MCA stove owners were randomly selected from complete stove distribution lists kept by Khan Bank
and Khasbank. Traditional stove owners were randomly selected from the Ministry of Labor and Social
Welfare’s 2010-2011 Proxy Means Test (PMT) data, a census of all Ulaanbaatar ger area households that
was designed to assess poverty.16 Indoor air measurements were assessed over an approximate 14-hour
period from early evening through the next morning in a subsample of 216 dwellings from the
household survey. Homes were randomly selected from each stove/dwelling combination selected to
evaluate statistical comparisons between MCA stoves and traditional stoves (see Table C-1 below).

Indoor air quality sample distribution — number monitored
Traditional Ulzii Khas Dul Total
Gers 34 36 0 25 95
Houses 32 32 36 21 121
Total 66 68 36 46 216

Table C-1. Indoor air quality sample distributions by the number that were monitored.

Indoor measurements were conducted in both homes and gers by placing a TSI DustTrak 1l Aerosol
Monitor and TSI Q-Trak CO/CO2 monitor in the main living space of the home, usually close to the wall
at approximately 1.5m high to reflect breathing zones. PM, s concentrations were assessed using
simultaneous gravimetric and semi continuous PM, s measurements with a TSI DustTrak Il Aerosol
Monitor using 37mm PTFE (Teflon) 2.0um Pore Size Filters (preweighed and loaded into cassettes). The
gravimetric samples were then used to calibrate the DustTrak semi continuous data response. Semi
continuous CO/CO, measurements were conducted using TSI Q-Trak 7565/7575 CO & CO, Monitor. All
flow rates were set using Dry Cal flow meter primary standard. Pre and post weights of filters for
particulate matter were weighed in an environmentally controlled microbalance room after
equilibration for at least 48 hours. Nine field blanks were collected.

From these data, the following model is employed to estimate contributions of stove type and ETS to
indoor concentrations (Table C-2):

Indoor PM2.5 = S, + [ * Traditional + B, * ETS

18 Joint order of the Chairman of the National Statistical Office and the Minister for Social Welfare, Labor. "To approve
methodology, questionnaire form, and fill-in instructions.” 5 April, 2010.
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Where Indoor PM, 5 is the overnight average indoor concentration of PM, 5 (p.g/m3), Bo is the average
concentration in homes with an MCA stove, B, is the difference in average concentration between
homes with traditional stoves and MCA, and B, is the difference in concentration between homes with
smokers and homes with non-smokers. Presence of traditional stove or ETS is binary (0 = no; 1 = yes).
Longitudinal indoor PM, s measurements taken in a small subset of overlapping households as part of
another study were used to test the long-term representativeness of the aforementioned overnight
measurements.’” The overnight averages included in this regression were similar to the corresponding
24-hour averages, as well as longer averages taken between January and April. Results of the
longitudinal data are planned for publication.

Ultimately, reductions in indoor air concentrations derived from regression results of only ger
households are applied equally over both gers and houses (Tables C-2 and C-3). Average nighttime
indoor concentrations measured are generally in the same range in houses and gers for PM (140 - 180
and 130 - 170 pg/m?, respectively), but the average indoor concentration is anomalously lowest in
houses with traditional stoves. Actual values are highly variable, and exclusion of homes with smokers
present results in very similar concentrations in houses and gers (130 and 140 pug/m’, respectively). The
idea that houses with traditional stoves would have lower indoor air concentrations than gers with
traditional stoves and houses with MCA stoves seems anomalous for the following reasons:

1. Emissions of PM, s per day from houses with traditional stoves are larger than gers, and
significantly higher than the MCA stoves; and

2. Indoor CO concentrations in houses are substantially higher than in gers for all stove types, and
show reductions between homes with traditional and MCA stoves. PM, s would be expected to
show a similar direction in the relationships, although not necessarily the same magnitudes.

Although we are unsure why the indoor measurements in houses with traditional stoves would show a
lower indoor air concentration than shown in gers or other stove types, it is possible that the positioning
of the monitors in adjacent but connected rooms, and whether the houses studied were single or
multiple room, might have impacted the PM, s results and requires further examination. Given that the
emissions show similar reductions between houses and gers, and regression models accounting for the
impact of smoking in gers indicated a 16% reduction in indoor air concentrations as a result of the
installation of MCA stoves, for the purposes of the modeling, we determined that the reductions in
indoor air concentrations would be applied equally over both gers and houses.

Y This study is still in progress by a collection of the authors of this report: A longitudinal assessment of coal stove use and
PM, 5 in the ger district of Ulaanbaatar, Mongolia.
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Indoor Concentration Model - MCA vs. Traditional Stove - Ger

Coefficient (ug/m?) St. Error (ug/m°) p-value
MCA Stove 124.7 19.8 1.102 e-8
Traditional Stove 23.4 247 0.346
Smoker in Household 40.4 24.6 0.104

Total p-value of model: 0.113, n = 94 ger households
Table C-2. Coefficients derived from indoor PM, 5 concentration data collected in ger homes in the winter
of 2012-2013. Data represent overnight average concentrations (approximately 18:00 — 08:00).

Estimated Average Wintertime Indoor PM, 5 Concentrations —
MCA vs. Traditional Stove Dwelling

Average Wintertime Indoor Average Wintertime Indoor
Concentration, No Smoker in Concentration, with Smoker in Home
Home (pg/m’) (ng/m’)

MCA Stove Dwelling 124.7 165.1

Traditional Stove Dwelling 148.1 188.5

Table C-3. Estimates of average wintertime indoor PM, 5 concentrations by smoking status and stove type.
Estimates are derived from the model described in Table C-2.

Low pressure boilers and semi-coking coal stoves are widely heralded by the public for their
improvements in efficiency and functionality over traditional coal stoves, but little data exist to verify or
quantify actual reductions in related contributions to indoor PM,s. It is unreasonable to suggest
completely clean function, so contributions from these stoves are assumed somewhere between
traditional stoves and “clean” heat sources. For the sake of simplicity and a lack of data, we assign the
same indoor contribution factors to low pressure boilers and semi-coking coal stoves as are assigned to
MCA stoves. “Future Tech” stoves were hypothesized as new stove technology coming to market in the
near future, which will produce the same fractional reduction in indoor PM, 5 concentrations as the
transition from traditional stoves to MCA stoves. Contributions from Future Tech stoves are thereby
assigned at a level ~ 16% lower than MCA stoves (105 pg/m?).

Penetration of outdoor particles

Penetration of outdoor particulate matter into the indoor environment is becoming increasingly
acknowledged as a considerable contribution to indoor concentrations (Allen et al. 2012). Studies
indicate that the contribution of outdoor PM, 5 to the indoor environment is quantified primarily
through a factor called the infiltration efficiency (Fi,s) of an enclosure (Dockery et al. 1981). Infiltration
efficiency is the fraction of outdoor PM, 5 concentration that penetrates indoors and remains
suspended. F;,; can be an important source of indoor PM, 5, and thereby must be accounted for when
attempting to accurately assess PM exposures and the related health burden.
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An annual average F;s for PM, s in apartment buildings and houses was taken from EXPOLIS, a study that
included the calculation of infiltration efficiency in several major cities (Hanninen et al. 2004). We use
the average Fi.; specifically reported for Helsinki (Fi,s = 59%), as it is the EXPOLIS city with a climate most
similar to that of Ulaanbaatar. EXPOLIS reports 48-hour estimates of infiltration taken throughout the
year in a multitude of homes. Because this study draws from a combination of houses and multistory
apartments (58% multistory) at various seasons, its estimates are generally representative of annual
average penetration efficiencies in apartment dwellings and houses in Ulaanbaatar (Jantunen et al.
1998). For this reason, our study applies this infiltration efficiency to both houses and apartments
throughout the entire year. This number is consistent with F;,; found in similar home types in similar
climates (Long et al. 2001). The F;,; overestimates the penetration of outdoor particles during the winter
months, however, as it is more reflective of an annual Fi.

Separate PM, s infiltration efficiencies for ger dwellings are employed for winter and summer months.
The literature shows the greatest equalizers of indoor and outdoor PM, 5 levels are increased ventilation
from open windows and doors and removal of indoor emission sources (Allen et al. 2012). We assume
that ger doors and ceiling flaps are left open for much of the summer months, which results in high
ventilation rates and a virtual elimination of filtration related to airflow through building casings. We
also assume that no major indoor sources aside from cigarettes exist in ger in the summertime, as
stoves are decommissioned. This is consistent with comparisons of wintertime and summertime
infiltration in other regions (Long et al. 2001). We thereby employ a summer F;; of 100%. Our winter F;ys,
70%, is taken from blower door tests performed at the Mongolian University of Science and
Technology.18 Blower door test results provide an nsg air change rate for gers with modest insulation
and fly cover, which are converted to natural air change rates using the methods described in Sherman
et al (1987). Air change rates are converted to crude estimates of PM, s infiltration efficiency using a
curve elucidated by Williams et al (2003) in which the number of air changes per hour measured during
a blower door test (ACH50) is used to calculate an estimate of the natural air change rate, which is, in
turn, used to estimate an infiltration factor. Results of each step are reported in Table C-4. This is not an
ideal conversion process, but provides a reasonable estimate of wintertime penetration efficiency in
gers in the absence of better data.

A PM infiltration component is applied to all apartments as well as apartments and gers with clean heat
sources. We do not apply a distinct PM infiltration component in our estimates of indoor concentrations
in houses and gers with MCA stoves, traditional stoves, semi-coking coal stoves, or low pressure boilers.
Instead, we assume infiltrated PM is accounted for in the average concentrations identified in the model
from which we take our indoor PM, 5 concentrations for these home types.

8 This study is not yet publicly available: Munkhbayar, B. (not yet published). Blower door tests in ger structures. Retrieved
December, 2013.
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Inputs, Equations, and Outputs for the Estimation of Wintertime Ger Infiltration Factors

Air changes/hr @ Natural air change estimate: Estimated conversion to Infiltration Factor:
n50 ACH = (ACH @n50)/20 Finf = 0.5571 + 0.1726In(natural air change rate)
(*)) (Sherman et al, 1987) (Williams et al, 2003)

45 air changes / hr 2.25 air changes / hr 0.697

Table C-4. Inputs and outputs of the estimation of wintertime ger infiltration factor from blower door
data and conversion equations (Sherman 1987; Williams et al. 2003). 2

Final estimates of average indoor concentrations

From the aforementioned figures assumptions, 24-hour average indoor PM, 5 concentrations are
estimated for gers, houses, and apartments in each season of T-13 and Scenario periods. Infiltration
factors are applied to average outdoor PM, 5 concentrations specific to each season and semi-diurnal
period. Outdoor model and averaging methods are detailed elsewhere in the report. Briefly, average
outdoor PM, s concentrations are taken from outdoor models and are the average of grid cell values
weighted by home type populations (ger, house, apartment). Heating sources are assumed off in
summer periods, and the contribution to indoor PM, s from ETS indicated in the above model is applied
to both summer and winter periods. Winter and summer time concentration estimates by home type,
stove type, and smoking status are reported in Tables C-5 and C-6.

Although significant reductions in emissions were made by MCA stove, the reductions in indoor air
concentrations were more modest. As a result wintertime indoor air concentrations in gers and houses
are still high — a factor of 3.6 higher than WHO interim targets for indoor air (35 pg/m?) —and
considerably higher than the WHO Air Quality Guideline (10 pg/m?®). Under Scenario 1, where an
additional program of more advanced stoves is undertaken that incorporates a 16% reduction in
wintertime indoor PM, s concentrations, without increased attention paid to emissions into the indoor
environment, the indoor air concentrations still remain high. Clearly, however, if the stoves selected for
the program are designed to minimize emissions into the indoor environment, more substantial gains in
exposure and reduced air pollution disease can be made. Scenario 2 represents the adoption of gas and
electric stoves and district heating in homes with very low emissions, combined with measures to
reduce ambient air pollution leads to modeled indoor air concentrations that are substantially below
WHO air quality guidelines. These indoor air pollution estimates only refer to emissions from stoves and
smoking and penetration from outdoor pollution and do not include emissions from the food itself and
other indoor sources (candles, incense, etc.), which also contribute to low levels of indoor air pollution.
They do, however, represent the ideal scenario where emissions are largely removed from the home,
resulting in concentrations that are unlikely to cause adverse health effects in the population, except for
those homes that still have smokers present.

' This study is not yet publicly available: Munkhbayar, B. (not yet published). Blower door tests in ger structures. Retrieved
December, 2013.
2 Thig study is not yet publicly available: Munkhbayar, B. (not yet published). Blower door tests in ger structures. Retrieved
December, 2013.
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Wintertime Indoor Concentration Estimates - T-13

Indoor Concentration — Indoor Concentration —
non-Smoking (ug/m>) Smoking (ug/m?)
MCA Stove 125 165
Low Pressure Boiler 125 165
"Clean" Heating
Ger 112 153
House 99 139
Apt 95 135
Wintertime Indoor Concentration Estimates — Scenario 1
MCA Stove 125 165
Low Pressure Boiler 125 165
Future Tech Stove 105 145
"Clean" Heating
Ger 48 89
House 42 83
Apt 40 80

Wintertime Indoor Concentration Estimates — Scenario 2

"Clean" Heating

Ger 8 48
House 7 47
Apt 7 47

Table C-5. Wintertime concentration estimates by home and heating type, and smoking status.

Summertime Indoor Concentration Estimates - T-13

Indoor Concentration — Indoor Concentration —
non-Smoking (ug/m°) Smoking (ng/m°)
Ger 18 58
House 10 51
Apt 12 52
Summertime Indoor Concentration Estimates — Scenario 1
Ger 11 52
House 7 47
Apt 7 47
Summertime Indoor Concentration Estimates — Scenario 2
Ger 11 51
House 6 47
Apt 6 47

Table C-6. Summertime concentration estimates by home and heating type, and smoking status
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Appendix D. PM; s Exposure Estimation

A basic multi-level model was defined to facilitate the estimation of citywide mean average annual PM, 5
exposure concentrations for each of our scenario years. This model accounts for the major sources
specific to indoor and outdoor microenvironments, time spent in each of these microenvironments, and
particle infiltration (or penetration). It also accounts for variations by age in the amount of time spent in
each microenvironment. This section outlines the processes, equations, and key assumptions that are
employed in each scenario in the estimation of population weighted exposures to PM,s.

Sources

In depth information on the indoor and outdoor sources included in our exposure assessment can be
found in Appendices B and C. Briefly, the major indoor sources identified include heating stoves and
cigarettes (environmental tobacco smoke), while the major outdoor sources considered include
household heating stoves, low pressure boilers, semi-coking coal stoves heat only boilers (HOB),
vehicles, and combined heat and power (CHP) plants. Assumptions specific to those sources are
discussed in the aforementioned sections. Contributions to indoor exposures from ETS are distinguished
using the models discussed below and reported as fractional contributions to seasonal and annual
average concentrations.

Modeling exposure

We employ a multi-level series of models to estimate a population-weighted annual average for each of
the scenarios that we examine. These figures are derived from microenvironment exposures estimated
at the seasonal (summer and winter) and semi-diurnal (nighttime and daytime) periods.21

At the highest level, this is accomplished by taking a weighted average of the annual average exposures
of each of the 21 key sub-populations (Model A). The 21 key sub-populations include children (< 4 years
old), caretakers (age >5, assumed 1 per child), and all others (ages 5 and up) in each of the seven home
types considered: gers with MCA stoves or semi-coking coal stoves, “future tech” stoves, or clean

heat; 22 houses with MCA stoves or semi-coking coal stoves or low pressure boilers, future tech stoves,
or clean heat; and apartments with clean heat. Specific sub-population annual averages are arrived at by
averaging their seasonal average exposures (Model B). Sub-population seasonal averages are the
summation of time-activity weighted average indoor and outdoor exposures (Models C and D).

For each of the models, “A” denotes the age category for which the exposure is being tabulated (child or
non-child), “H” denotes one of the home-stove type combinations (e.g. ger-MCA), “ETS” indicates that
environmental tobacco smoke is the source of interest, “S” denotes the season (summer or winter), “D”
denotes a daytime period, “N” denotes a nighttime period, “in” denotes an indoor micro-environment,
“out” denotes an outdoor microenvironment, “PM” is the concentration of PM, 5 in the denoted

21 Winter months are October through March. Summer months are April through September. Daytime is defined as 8:00-18:00.
Nighttime is defined as 18:00- 8:00. More detailed is described in the subsection on Population weighting and Time Activity.
22| this context, “clean” denotes a heating method that does not result in indoor PM, s emissions, and does not imply
negligible lifecycle emissions. Examples include gas, electricity, or steam distributed from CHP or HOB.
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microenvironment (ug/m?), “%t” is the percentage of period “D,S” or “N,S” spent in the denoted
microenvironment, and “IF” is the infiltration factor (seasonally specific for gers) of the home type in
question (indicated by home-stove combination “H”).

Pop — Weighted Annual Annual Average
= z %Popay *
Avg. Exposure ' Exposure  ,,

Model A. The highest-level model used to tabulate population-weighted annual average exposure for
the entire city of UB. “Annual Average Exposure  y” is a function of the other models listed below.

Annual Average

Exposure AH

(Seasonal Average Exposure A,H,Winter) + (S easonal Average Exposure A,H,Summer)
B 2

Model B. The model used for tabulating annual average concentration for each age and home-stove
type combination.

Seasonal Average

Exposure AHS

(%tin,D,S *

Seasonal Daytime Indoor
Average PM2.5 Exposure , . ¢

—+

<(y . . Seasonal Nightime Indoor )
olin,N,s
n Average PM2.5 Exposure , . ¢

+

0t . Seasonal Daytime Outdoor
OtoutDS ™ Aperage PM2.5 Exposure AlS

+

Seasonal Nightime Outdoor )
AHS

0,
</°t0ut'N'5 * Average PM2.5 Exposure

Model C. The general model for estimating seasonal average concentrations in sub-population of age
“A“ and home-stove combination “H” in season “S”. Seasonal averages are calculated for summer and
winter. “%t” is the percentage of period “D,S” or “N,S” spent in the denoted microenvironment.
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. Seasonal, Daytime Indoor _
" Average PM2.5 Exposure AHs PMin,s + (IFi.s * PMoutiip.s)

Seasonal, Nighttime Indoor

i Average PM2.5 Exposure = PMin s + (IFus * PMouen,s) + (PMingrs,s)

AHS
i Seasonal, Daytime Outdoor — pM
: Average PM2.5 Exposure ,, o~ = OutHDS
. Seasonal, Nighttime Outdoor
iv. = PMoytup,s

Average PM2.5 Exposure AHS
Model D. The general models for estimating daytime and nighttime exposures in the indoor and
outdoor microenvironments in sub-population of age “A“ and home-stove combination “H” in season
“S”. In this context, “IF” is the infiltration factor of home-stove combination “H” (seasonally specific for
gers).?

Population weighting and time activity

Annual average PM, s exposures incorporate population weighting at two levels. In model series D,
average outdoor ambient concentrations are calculated separately for populations residing in the three
generic home types (ger population, house population, and apartment population), by season, and by
semi-diurnal period. These concentrations are taken as outdoor averages of each cell in the outdoor
concentration model weighted by home-type-specific population, with the exception of two districts —
Baganuur and Bagakhangai. These districts were excluded from the outdoor PM, s modeling, and so
average outdoor PM, s concentrations for these areas are simply assumed at the 10" percentile (decile)
of population-weighted values for each season (Table D-1).?* Then in Model A, sub-population annual
averages are weighted by the fraction of the total population for which they account in order to arrive at
the city-wide weighted average annual exposure.

Decile Outdoor Average Concentrations (pg/ m3) — Weighted by Total Population
10" %ile Winter 10" %ile Winter 10" %ile 10" %ile
Day Night Summer Day Summer Night
Baseline 49.8 69.2 1.3 1.9
T-13 59.9 79.4 2.4 3.3
Scenario 1 22.9 29.8 0.4 0.6
Scenario 2 0.6 0.7 0.2 0.3

Table D-1. First decile of outdoor average PM, s concentrations as weighted by total population for each
season and scenario. Values are assumed for outdoor ambient concentrations in the two districts
excluded from the Outdoor Model.

2 For gers and houses with stove or low-pressure boiler heating systems, infiltration is accounted for in the estimate of “PM;,”,
and so wintertime infiltration factors are set to 0.

* These districts are located in rural areas relatively far from the city center, and so are assumed to have lower outdoor
ambient PM, 5 concentrations.
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Semi-diurnal averages are also weighted, but by time spent indoors vs. outdoors, rather than by
population. Little information exists on the time-activity patterns of Mongolians. However, a recent
wintertime survey administered by Social Impact (Sl) takes account of the number of hours that children
and adults living in Ulaanbaatar in gers or houses with MCA stoves spend inside and outside of the
household (Social Impact (SlI) 2013a). The results of this survey provide insight into the behavioral
patterns of UB residents in the winter, but are not fully representative of each district, home type, stove
type, and season. They thereby cannot be directly applied to our study. Instead, we combine these
survey results with reasonable judgment and expert opinion to make wintertime time-activity
assumptions for the entire population of Ulaanbaatar. From wintertime time-activity patterns, we make
reasonable assumptions about summertime time-activity patterns. Time activity numbers are estimated
for non-children (> 5 years old), children, and caretakers (Table D-2). It is expected that children and
their caretakers spend the majority of their time indoors, and so they are assigned an indoor time
activity of 100% for the entire year.?® For non-children, our observations suggest two semi-diurnal
phases of activity: a ten hour daytime during which many non-children leave the home to tend to work
or school (8:00 to 18:00), and a fourteen hour nighttime period spent at the household (18:00 to 8:00).

Daytime Time Activity - Winter Nighttime Time Activity - Winter

Indoors Outdoors Indoors Outdoors
Child 1 0 Child 1 0
Non-Child 0.75 0.25 Non-Child 1 0
Caretaker 1 0 Caretaker 1 0

Daytime Time Activity - Summer Nighttime Time Activity - Summer

Indoors Outdoors Indoors Outdoors
Children 1 0 Child 1 0
Non-Child 0.75 0.25 Non-Child 1 0
Caretaker 1 0 Caretaker 1 0

Table D-2. Assumed fraction of daytime and nighttime periods spent indoors and outdoors by season and
age category.

It is expected that the microenvironments in which residents spend their daytime periods differ by
socio-demographics and season, but because no data on this breakdown are readily apparent, we make
a conservative assumption to account for such variation: at a population level, the average amount of
daytime hours spent indoors is 75%, and the average amount of daytime hours spent outdoors is
25%.2%%" Because no data are available on the amount of evening and morning hours spent indoors, we
make a simple assumption that 100% of children’s daytime and nighttime hours are spent indoors. It is

% Even if this is not the case, increased summertime ventilation due to open windows, doors, and ger flaps would result in very
similar summertime PM, 5 concentrations between indoor and outdoor environments.

%8 This assumption is conservative, because the true amount of daytime spent outdoors in UB is likely greater than 25% as
employment in UB is dominated by sectors involving much outdoor work: construction, agricultural service, mining, quarrying,
and transportation (Chilkhaasuren and Baasankhuu 2010).

7 For simplicity, the concentration profiles of the indoor environments in which the population spends their time away from
home are assumed the same as those of their home indoor environments.
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expected that a subset of the non-child population is charged with taking care of the children, and so we
assign one non-child as a caretaker per every child. Caretakers are assigned the same time activity
profile as children. It is assumed that children, caretakers, and non-children are distributed evenly to
each household, so that, for example, the fraction of the total population that lives in gers is also the
fraction of caretakers, children, or non-children that live in gers.
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Representations of exposures by residential population type and scenario
Annual Average PM, . Exposure by Home Type
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Figure D-1. Graphical representation of exposures by residential population type, scenario, and exposure
type.
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Appendix E. Health Burden and Benefit Calculation

Current national pattern of ill-health

The most important diseases in Mongolia in terms of lost life years in thousands are shown in Table E-1.
Note the importance of IHD, Acute LRI, and stroke, which together account for nearly one-third of all
lost life years. Of course, many other small causes contribute as well. From the Global Burden of Disease
website (IHME, 2014):

Disease in Mongolia Ranked by Life-Years Lost in 2010
Lost life Years (1000s) Percent of Total

1. Ischemic Heart Disease* 96 11.8
2. Lower Respiratory Infections* 87 10.6
3. Stroke* 78 9.5
4. Neonatal Encephalopathy 41 5
5. Road Injury 34 4.2
6. Cirrhosis 32 3.9
7. Liver Cancer 30 3.6
8. Preterm Birth Complications 28 3.5
9. Congenital Anomalies 25 3.1
10. Tuberculosis 20 24
11. Chronic Kidney Disease 19 2.3
12. Stomach Cancer 16

13. Self-harm 16

14. Rheumatic Heart Disease 14 1.8
15. Interpersonal Violence 14 1.7
16. Mechanical Forces 14 1.7
17. COPD* 13 1.5
18. Lung Cancer* 12 1.5

Table E-1. Diseases in Mongolia as ranked by the number of life-years lost, 2010. From:
http://www.healthmetricsandevaluation.org/gbd/country-profiles

Explanation of methods used in this assessment

Primary health results of the three scenarios are reported across disease categories and age groups.
Health results are tabulated using a modified version of HAPIT (Household Air Pollution Intervention
Tool) currently being developed by colleagues at the University of California, Berkeley, and the United
Nations Foundation (Pillarisetti et al. 2013). This modified HAPIT allows for the projection of scenario-
specific population attributable risk fractions for Lung Cancer, Ischemic Heart Disease, Stroke, and
Chronic Obstructive Pulmonary Disorder in UB residents as well as Acute Lower Respiratory Tract
Infection in UB children (ages 0-4 years) for 2014 through 2024. These five primary health indicators
were chosen to allow for comparison with the national, regional, and global burden estimates published
in the 2010 Institute for Health Metrics and Evaluation Global Burden of Disease Study, which uses these
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health outcomes as the indicators of air pollution related mortality and morbidity (Murray et al. 2012).
While these are the only diseases to currently meet the rigorous standards of a reliable integrated
exposure function, the literature relating PM, 5 exposures to increased risk of Pulmonary Tuberculosis
mortality are reaching a critical mass. For this reason, the health burden of tuberculosis is calculated as a
secondary outcome.®

Deaths and DALYs

Burden of disease in UB is calculated in comparison to the expected burden under a 12.0 ug/m?
exposure level (counterfactual).29 Burden in excess of that incurred under the counterfactual is then
calculated for 2014- 2024 under “Trends as of mid-2013” (T-13) policies as well as each of the defined
scenarios. Note the equations used in the modified-HAPIT tool employ a counterfactual of 7.3 pg/m?>. To
estimate accrued burden against a counterfactual of 12.0 pg/m?, we used the modified-HAPIT to
estimate the burdens that would accrue under a 12.0 pg/m?® exposure level, and then subtracted those
values from the modified-HAPIT estimates of accrued burden for T-13, Scenario 1, and Scenario 2 (see
Appendix H for raw modified-HAPIT output). Exposures employed are population-weighted averages,
explained in greater detail elsewhere in the report. A linear path is assumed between baseline (2014)
and 2024 PM, s exposure concentrations. Exposure levels for the baseline year are estimated and set
equal between T-13 and the scenarios. All exposure paths are assumed to take the form of step function
changes occurring on the first day of each year, the first of which occurs on January 1, 2015. Exposure
changes occur for 10 years, finally halting on Jan 1, 2024. Health burden and related benefit over T-13
levels are calculated in terms of deaths and DALYs for each of these 11 years (2014 —2024). Appendix H
shows burden estimates for each scenario by year.

Morbidity is calculated in the form of disability adjusted life years (DALYs). DALYs are widely used
around the globe to take into account both the age distribution of premature mortality and the severity
of non-fatal diseases. DALYs also provide the best metric for cost-effectiveness in terms of the health
benefit per dollar spent. Morbidity in the form of DALYs is calculated using the national disease-specific
Death: DALY ratio defined in the IHME Global Burden of Disease study. The ratios used are derived from
the 2010 GBD and are assumed constant throughout the projection period (Institute for Health Metrics
& Evaluation (IHME) 2013).

Deaths Averted and DALYs Averted for each scenario are calculated as the difference between the
number of deaths or DALYs accrued in that scenario and the number accrued in T-13. Remaining Burden
of Attributable Disease in 2024 is calculated for both deaths and DALYs, and is the percentage of the
amount of burden expected in 2024 under T-13 that is estimated in 2024 in each scenario. It is defined
as the following:

%8 One of the goals of this study was to estimate the health impact on three major secondary outcomes: tuberculosis, low birth
weight, and cataracts. However, historical health records for the background disease rate modeling period (2006-2012) for low
birth weight and cataracts were too low to infer any trends, which is an essential part of the impact evaluation process. We
thereby exclude these diseases from our evaluation.

2 This level represents the US Environmental Protection Agency’s annual air quality standard for PM, s, and is the strictest
national PM, 5 standard in the world at present.
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Estimated Burden in 2024 in Scenario ) 00
*

Remaining Burden in 2024 = ( Estimated Burden in 2024 in T13

Relative risk

Morbidity and mortality are calculated as a function of relative risk. Specifically, relative risk is used to
find the population attributable risk fraction (PAF) for each disease. PAF in this instance is the fraction of
background disease due PM, s exposure, and is defined in as:

PAF — RR -1
~ (RR-1)+1

Where RR is the relative risk of the disease in question at the exposure level of interest (Desai et al.

2004). Each disease-specific PAF is then multiplied by the background rate of that disease to arrive at

the quantity of disease attributable to PM, s in that year. Upper and lower bounds for each PAF are also

calculated.

Dose-response curves for mortality risk are derived from integrated exposure response data provided by
the authors of the Global Burden of Disease 2010 (Burnett et al., 2014). A functional form was fit to
these data using Eurega Formulize (Schmidt and Lipson 2013). Upper and lower uncertainty bounds
were also fit at the level of 95% confidence We use these uncertainty limits to estimate the upper and
lower bounds for disease-specific PAFs. The counterfactual exposure at which RR = 1.00 is assumed in
these functions to be 7.3 ug/m?>. The models derived for these curves are reported in Table E-2.

Tuberculosis (TB) estimates

The Terms of Reference for the project included estimates for the impact on TB, but the results shown in
Appendix H should be treated with caution because, unlike the other diseases, there is no published
exposure-response information for TB and air pollution. The relative risk equation for pulmonary
tuberculosis mortality was derived from estimates of relative risk (RR) for developing pulmonary
tuberculosis. The RR of developing tuberculosis was arrived at by applying linear methods to odds ratios
(OR) and exposure levels reported in the recent literature (Table E-2). We rely on a single study, rather
than a meta-analytical estimate, to maintain consistency in the exposure circumstances among the
“exposed” and “unexposed.” The most pertinent risk information appears to come from Lakshmi et al,
who identify an odds ratio of 3.14 (95%Cl: 1.15, 8.56) between female biomass users and female gas
users in rural Nepal (Lakshmi et al. 2012). This is consistent with the current body of literature (Smith et
al., 2014). Because the total TB risk in Nepal is less than 10%, this OR is considered a close
approximation of RR (Kakchapati et al. 2010). While PM, 5 exposures for the two groups were not
directly measured, we assume a literature-reported average PM, 5 exposure in female gas users of 70
ug/m?, and in female biomass users of 300 pg/m?, which was recently reported as a reasonable set of
assumptions in nearby India (Burnett et al. 2014). A line was drawn between OR=1.00 at 70pug/m? and
OR=3.14 at 300 pg/m?>. This line was extended to estimate the OR at the counterfactual exposure of 7.3
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pg/m?. The resulting linear equation was then normalized so that the OR at the counterfactual exposure

was set to 1.00. This normalized equation is the RR equation for tuberculosis. We simulate a

conservative uncertainty factor of + 50% by adding 50% to premature death and DALY estimates (upper

sensitivity) and subtracting 50% from premature death and DALY estimates (lower sensitivity).

Relative Risk Equations

IHD
Lower Uncertainty Bound
Upper Uncertainty Bound
Stroke
Lower Uncertainty Bound
Upper Uncertainty Bound
COPD
Lower Uncertainty Bound
Upper Uncertainty Bound
Lung Cancer

Lower Uncertainty Bound
Upper Uncertainty Bound

ALRI
Lower Uncertainty Bound
Upper Uncertainty Bound
Tuberculosis*
Lower Uncertainty Bound
Upper Uncertainty Bound

(IHD RR) = 0.9564*log(log(12.98 + PM))

(Low IHD) = (41.12 + PM - 421.9/(3.363 + PM))*0.09225 - 0.2773

(Low IHD) = (2.281 + (-422.7 - 20.98*PM)/(435.4 + PMA2)

(Stroke RR) = 2.125 + (-172.9 - 19.42*PM)/(227.9 + PM"2)

(Low Stroke) = (1.199 + 0.03729*PM)~0.13

(Stroke RR) = 2.075 + 5.204e-5*PM + (-710 - 8.422*PM)/(643.9 + PMA2 - PM)
(COPD RR) = sqrt(1.398 + 0.00638*PM + -24.08/(54.74 + PM))

(Low COPD) = 1.007 + 0.001675*PM + 2.848e-10*PMA3 - 7.654e-7*PMA2
(Up COPD) = sqrt(1.538 + 0.01125*PM + -17.93/(27.84 + PM))

(LCRR) =1.015 + 0.00596*PM + 1.781e-8*PMA3 + 5.276e-15*PMA5 - 1.047e-
5*PMA2 - 1.557e-11*PM*4

(Low LC) = 0.9849 + 0.001803*PM - 2.049e-8*PM~2

(Up LC) =1.032 + 0.01001*PM + 7.365e-8*PMA3 + 7.736e-14*PMA5 - 2.268e-
17*PM”"6 - 1.053e-10*PMA4 - 2.927e-5*PMA2

(ALRE RR) = (9304 + 27.36*PM + 3.328*PM~2)/(8704 + 38.75*PM + PM~2)
(Lower CI) = exp((23.51*PM + PM~2)/(6063 + 138*PM + PMA2))

(Upper Cl) = (53.9 + 3.371*PM)/(65.26 + PM) - 0.02199*PM*exp(-0.01778*PM)

(TB RR) = (0.0225*PM) + 0.8426
na

na

*See text for explanation

Table E-2. Relative risk equations used in calculation of health burden from PM,s.

Non-Linear Exposure Response
The shapes of the dose-response curves derived from Burnett et al. (2014) provide new insight into the

urgency of reducing PM, 5 exposures to very low levels. Figure E-2 demonstrates the relationships

between PM, s exposure and mortality from IHD, stroke, and ALRI are all quite supralinear, with those

for lung cancer and COPD closer to linear. This indicates larger health benefit from equal exposure

reductions at the lower end of the exposure range than at the upper end, and thereby suggests that

substantial health benefits may only be seen after large reductions in exposure (Smith et al., 2014).
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Relative Risk Curves Derived from Burnett et al. (2014)
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Figure E-1. Supra-linear relative risk curves derived from Burnett et al (2014) and use to tabulate health
burden and benefits related to the five primary diseases assessed in this study.

Cessation lag

Health burdens and benefits are reported as committed or committed-averted deaths and DALYs due to
exposure reductions between 2014 - 2024, which means the total impacts that are likely to ever be seen
due to exposure reductions in only that period. However, because many PM, s-related illnesses take
several years to develop in the population and because exposure effects can be long lasting (i.e., impacts
can be experienced long after initial exposure), it is more likely that related health risks reduce gradually
after PM, 5 exposures are diminished and that some of the deaths and DALYs averted from exposure
reductions between 2014-2024 will actually be incurred after that period (Doll et al. 2004; Stapleton and
West 2012).%° Our assumption of committed averted DALYs is thereby likely to accelerate the accrual of
health benefits in our calculations, and result in slightly inflated estimates for the time period given. For
comparison, we have tabulated in the appended modified HAPIT spreadsheets the deaths, DALYs,
averted deaths, and averted DALYs under the assumption of no cessation lag and under the standard 20-
year Distributed Lag scheme suggested by the Science Advisory Board to the US EPA (Cameron and
Ostro 2004). In this scheme 30% of total burden reduction occurs in the year of exposure reduction, 50%
of burden reduction is distributed evenly among years 2-5, and the final 20% of reductions are
distributed evenly among years 6-20. Due to its acute nature, no lag period is applied to ALRI in this
tabulation.

* The major exception to this rule is acute lower respiratory tract in children, which is thought to be caused by recent
exposures.
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Cost effectiveness

This assessment does not provide specific analysis for cost-effectiveness because the estimation of
program costs for each scenario is beyond our team’s mandate. The modified HAPIT spreadsheet tool,
however, has been designed to allow for such calculations to be performed by the Ministry as
information becomes available. Cost-effectiveness analysis using the tool requires three additional
inputs: total startup cost, average annual cost during the program period, and the estimated average
GDP/capita over the program period, all of which must be reported in the same constant currency
rates.! Cost-effectiveness is determined by comparing the expected annual cost of the intervention per
DALY to the GDP/Capita (PPP) in international dollars. The WHO's Choosing Interventions that are Cost-
Effective (WHO CHOICE) effort advises that interventions costing less than the GDP/capita (PPP) are very
cost-effective, those costing one to three times the GDP/capita (PPP) are cost-effective, and those
costing more than three times the GDP/capita (PPP) are not cost-effective.

3! Constant international 2005 dollars are recommended.
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Appendix F: Limitations in Methods and Data

PM Emissions Estimation: Emission inventories prepared for UB have dramatic differences. For

example, year 2010 inventories prepared by Guttikunda et al. (2013) and JICA (2013) differ by as much
as a factor of ten depending on the emission source category. For the case of HOB these inventories
include different groups of sources, but in other cases the source categories appear similar yet the
emission estimates are quite different. Emission inventory improvements are needed and in their
absence any modeling results will have large uncertainties. The inventory methodology needs to be
transparent and of sufficient detail for users to be able to understand the strengths, limitations, and
areas of needed improvement. Emissions data must also reflect the extreme wintertime conditions in
UB. For example, emission testing of a stove by sampling from the flue and diluting with clean air at
indoor temperature may dramatically underestimate the outdoor PM emissions because co-emitted
gaseous semivolatile compounds will enter the particle phase upon mixing with the cold outdoor air.
This dynamic process will depend on combustion efficiency and environmental conditions.

Air Quality Model Selection: A more sophisticated air quality model is needed to improve the accuracy

of outdoor particulate matter concentrations. The Gaussian plume model ISCST-3 was used for this
analysis. All Gaussian plume models will fail to capture important physical processes that affect the
estimated concentrations. For the case of UB, the complex terrain (such as valleys) will trap emissions
and lead to concentrations higher than model predictions. The model predicts concentrations for a
given hour from the emissions in that hour. It has no memory of emissions in previous hours and
therefore does not account for accumulation of pollutants during stagnant conditions that prevail during
the UB wintertime. The model also assumes the wind conditions (speed and direction) are uniform
across the city. The complex terrain channels air flow, however, and at any moment there can be large
differences in wind conditions across the city. Puff models can account for some but not all of the
limitations and a chemical transport model is recommended. However, it is recognized that
considerable resources will be needed to develop the input parameters and optimize model
performance for UB.

Ambient Air Quality Data: Model evaluation requires high-quality outdoor PM data collected at sites

that are well characterized and ideally not strongly influenced by emissions sources that are very close
to the monitoring site(s). The network must be carefully designed to meet the measurement objectives.
For example, a roadside monitor provides information about pollution levels in the near-road
environment but has less utility in urban- and larger-scale air quality model evaluation. Also, special
care is needed to minimize measurement artifacts which may have different characteristics for UB
wintertime conditions than typically observed in more temperate areas. For example, the extent to
which semivolatile compounds partition to the particle phase in the outdoor air will differ under the
warmer conditions of the shelters used to house automated instruments or in the laboratory after
collection onto filters. These dynamics must be evaluated to properly interpret and use the data.

Health Effects: The health burden calculations in this study rely on projections of future trends in
background disease rates and thus are more uncertain the further they are projected into the future.
This is one of the main reasons we limit all our projections to 10 years. In addition:
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e The models used in this study to extrapolate background burdens are relatively simple and may
benefit from more sophisticated techniques in future assessments.

e Due to the principles of cessation lag, the 2006-2012 death records may not adequately account
for the recent trends in increasing air pollution.

e Thus, the background health models used in this assessment, which are based on 2006-2012
health statistics, may underestimate the rate of increase in background death rates, and thus be
conservative.

For each scenario, a linear annual progression in PM, 5 exposure concentrations is assumed from
baseline (2014) to the final scenario year (2024). This overlooks a number of likely nuances — such as
rapid introduction of interventions, abrupt population changes, and non-uniform changes in grid cell
population densities during outdoor ambient modeling — but allows us to make the fewest assumptions
in the face of considerable uncertainty. With several of the IER curves used in this study defined as
convex functions, such an assumption could overlook the true magnitudes of health impacts resulting
from any dramatic increases (or decreases) in year-to-year exposures.

Morbidity in the form of DALYs is calculated using national disease-specific Death: DALY ratios defined in
the IHME Global Burden of Disease study. The ratios used are (a) estimated at the National level by IHM
rather than the city level, and (b) are assumed constant throughout the projection period. These ratios
are likely to change as age structure alters, but are difficult to predict in which direction they will
change.

Scenarios for City Growth: The scenarios for development of the urban area of Ulaanbaatar were taken

from the Master Plan for the city, including the transition to apartment buildings, etc. The exposure and
health estimates will be affected by rates of change that differ from those outlined in the Master Plan.
Similarly the rates of population migration to the city of Ulaanbaatar are based on historical growth,
which may change significantly over the next 10 years. Such changes are hard to predict and incorporate
into this assessment.

Smoking: Disease estimates do not incorporate the health impacts of active smoking, although these are
present in background disease prevalence rates. Increased smoking rates can significantly affect the
estimation of health benefits, as they may outweigh the gains made by reducing emissions in other
sectors. In addition, prevalence of smoking in workplace environments can significantly increase
exposures. This is not adequately accounted for in these models.

Indoor Concentrations: Indoor concentrations of air pollution are currently dominated by stove
emissions and smoking. As concentrations decrease, however, other sources become more important in

the home, including contributions from ambient air including traffic and other outdoor sources, and
indoor sources from cooking, incense burning, cleaning, resuspended dust, etc. Here we focus on the
principal stove emissions and smoking, but acknowledge indoor concentrations are unlikely to decrease
to the low concentrations identified under gas/district heating.

Industrial Emissions: Ambient models in Ulaanbaatar do not incorporate emissions from industrial

sources as there is very limited information about the number of, or the emissions from, these sources.
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It is clear they play a role in air quality in Ulaanbaatar, but it is not currently possible to incorporate
these emissions sources into the models.

Coal Types: There is large diversity in the coal used in Ulaanbaatar. Currently, most household
consumption is a mix of Nalaikh, Baganuur and Alagtolgoi. The ratio of these, and the influx of other coal
types, will likely change the emissions from household stoves and indoor air concentrations as they are
dependent on a fuel stove combination. Since the performance of improved combustion stoves is
dependent on the fuel used in the stoves, the potential gains of stove dissemination projects is highly
dependent on Ulaanbaatar fuel policies. At minimum we recommend that policies do not promote coal
types that lead to greater emissions from stoves as that is counterproductive to the other measures to
improve air quality in Ulaanbaatar. Similarly, processed coal testing should be undertaken before
promotion of the fuel to ensure that emissions in household stoves are not increased. In Scenario 1, we
incorporate stoves that result in a similar decrease in emissions as that seen in the MCA program. As
mentioned above, however, greater health benefits can be achieved with a focus on stoves that also
reduce emissions into indoor air. Emissions may also increase, however, if fuel policies promote lower
quality fuels.
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Appendix G. Population and Health Projections

Population data and estimates

Total citywide population data for 2006 - 2012 were available from official city and federal statistics
publications (Mendsaikhan et al. 2011; National Statistics Office of Mongolia (NSOM) 2007; Statistics
Department of Ulaanbaatar 2013). Population data for residents < 5 years old were available for 2006,
2007, 2011, and 2012, and are linearly interpolated for years 2008-2010 from 2007 and 2011 estimates.
Population projections (total population and population < 5 years old) for Ulaanbaatar for 2010, 2015,
2020, 2025, and 2030 were available from the National Statistics Office. Annual population estimates for
future years (2014-2030) are arrived at by linearly interpolating from the 5-year "medium" growth
projections provided by the 2010 Population and Housing Census of Mongolia Report (Figure G-1)
(National Statistics Office of Mongolia (NSOM) 2012). District-specific populations in 2012 were taken
from city census data (Statistics Department of Ulaanbaatar 2013). Tabulated population estimates are
detailed in Table H-1 of Appendix H.

Household type projections

Projections for the number of total households in each year were unavailable. We estimate this figure
from Population and Family Size as identified in census data. As previously discussed, population figures
are interpolated from NSOM projections of total city population (rather than district level populations).
Family size is extrapolated by fitting a curve to historical trends (2000-2010) obtained from Mongolia’s
Annual Statistical Yearbook series. Because a linear extrapolation results in atypically low family sizes,
we use trends in the Total Fertility Rate (TFR) to set a reasonable lower limit.

TFR is defined by the UN as the average number of children a hypothetical cohort of women would have
at the end of their reproductive period if they were subject during their whole lives to the fertility rates
of a given period and if they were not subject to mortality. While modeling the UN’s 5-year TFR
estimates against the 10 available years of household size data is unhelpful for identifying a relationship
between the two, we make the assumption that trends in family size will follow national TFR.

Mongolia’s TFR has experienced a dramatic decrease in recent decades, but is expected to level off. The
UN suggests that Mongolia’s TFR will become stable at near-Western levels through 2030 (United
Nations Department of Economic and Social Affairs (UN DESA): Population Division 2013). This suggests
that while the estimated rate of decline in household size observed between 2000-2010 was steep and
linear, it is likely to level off in the near future. For this reason, we used Eurega Formulize to fit a curve
to past data that would approximate a near-term approach of 2.6 persons/home, the average US
household size in 2010 (Schmidt and Lipson 2009, Bureau 2012).32 Household sizes for individual years
during 2010-2030 were then taken from this curve (Figure G-2). Household number is estimated by
dividing the expected size of Ulaanbaatar’s population in each year by the average household size.

Household types most relevant to the Ulaanbataar context were identified as gers, single family houses,
and multi-family apartments. A ger is defined as a traditional yurt-like dwelling most commonly

32 . . . . . . .
We assume one family per “household,” thus family size and household size are equivalent in our calculations.
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constructed from wood and felt; a house is defined as a non-ger dwelling in which one family resides,
are typically wood, cement, or brick structures in the style of traditional western houses; and
apartments are identified as buildings within which two or more families are living, which, in most cases,
are large complexes that house dozens of families.

Gers and houses are most common to regions identified by the Statistics Department of Ulaanbaatar as
“ger areas,” while apartment households most commonly occupy what are known as “apartment areas.”
Projections of the proportion of Ulaanbaatar residents living in the "ger areas" (%g) were provided by
the 2010 Ulaanbaatar City Plan for 2010, 2020, and 2030. Annual trends are linearly interpolated (Figure
G-1). The proportion of households located in ger areas is taken as the proportion of residents living in
the ger area (%g). The proportion of Ulaanbaatar families living in the “apartment areas” (%a) is
calculated for each year as 1 - %g (i.e. any home that is not in the ger area). Approximately 99% of
apartment area households were classified by the Statistics Department of Ulaanbaatar as “apartment”
households in 2012, and so other household types are not considered an important contribution to our
apartment district estimates.>® However, Statistics Department figures show a fairly even distribution
between “ger” and “house” households in the ger areas. In 2012, ger households accounted for 44.2% of
households in the ger areas (%gg), while house households accounted for approximately 54.5% of ger
area households (%g). Because the remaining household types make up a proportion of ger district
households that is likely within the range of uncertainty, we exclude them from our analysis and
calculate the proportion of ger district households as “houses” (%gy) as 1 - %g,. Reliable trend
projections for %g; and %g, are unavailable, and so they are assumed constant between 2013 and 2030.
Total number of households by area and type are graphically displayed in Figure G-3.

* Household heating emissions estimates are not calculated for what the City Statistical Office classifies as “luxury house” and
“homeless,” as they only make up about 0.9% and 0.01% of total apartment district households, respectively, and 1% and 0.2 %
of total ger district households, respectively.

50



Air Pollution and Health in Ulaanbaatar

Predicted Population Trends through 2030
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Figure G-1. Predicted trends in population numbers for 2013-2030 and distribution of population among
apartment areas and ger areas. Total population is expected to increase steadily, while ger area
populations are expected decline.
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Predicted Trends in Household Type and Number through 2030
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Figure G-3. Predicted trends in household number by area and by household type for 2013-2030. The

number of households in apartment areas is expected to increase dramatically.

Background disease rate projections

Mortality burdens accrued during T-13 and each scenario are reported. Background death rates are
essential for such calculations, and so future death rates for Ulaanbaatar are projected for 2014-2024 by
carefully extrapolating mortality trends from all available years of historical data, and then modifying
them to correspond with more rigorously adjusted international datasets.

Mortality data for the capital city for 2006-2012 were provided by the Health Development Center of
the Ministry of Health in conjunction with the Health Sciences University of Mongolia. Deaths matching
the ICD-10 codes reported in the 2010 IHME GBD study were requested (Table G-1). Trends in disease-
specific death rates over this period are modeled as a linear function of time (year) and population
(Table G-2). Each equation takes the general form of:

# DeathsinYear X = By + [, *Year + B, * AllPop

Where “AllPop” is the population in year X, and “Year” is the four number representation of year X (e.g.
2009). Ulaanbaatar population data (all population and child) for 2006- 2012 were obtained from annual
national Statistics Yearbook reports (Mendsaikhan et al. 2011; National Statistics Office of Mongolia
(NSOM) 2007). Tabulated background disease estimates are detailed in Table H-1 of Appendix H.
Population levels through 2024 are projected using the various demographic tools identified previously
in this appendix.

Due to a considerable discrepancy discovered between locally identified death rates and internationally

identified death rates, disease specific models are not applied directly to arrive at the number of deaths
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in years 2014-2024. Recent international estimates of Mongolia-wide disease-specific mortality rates
(deaths / 100,000 population) show values that are between 5% and 500% higher than those identified
by the Ministry of Health for Ulaanbaatar (Lim et. al., 2012). While national disease rates should not

exactly mirror those of the capital city, they are expected to be similar.®* It is suspected these
discrepancies arise from the inclusion of “garbage codes,” or improperly coded deaths, in the raw
Ministry of Health dataset.>® Garbage codes are a well-known phenomenon and occur frequently all
over the world. International teams like the Institute for Health Metrics and Evaluation (IHME) employ
rigorous statistical and diagnostic methods to redistribute such deaths to their probable underlying
causes. This results in disease-specific mortality estimates that more accurately represent true rates.

To account for the impact of garbage codes on health burden results, our disease-specific models were
adjusted using data provided by IHME (Institute for Health Metrics & Evaluation (IHME) 2013).
Specifically, a ratio of UB-specific death rates (reported by the Ministry of Health) to national death
rates (Lim et. al., 2012) was prepared for each disease (Table G-3). Ratios were created for 2010, which
was the only year for which both IHME and Ministry of Health estimates were available. Citywide rates
from the Ministry of Health were compared with IHME nationwide rates because IHME does not provide
death rates at the city level. To arrive at the background disease profile expected under national disease
rates for 2014-2024, 2010 ratios were applied to the background disease projections that were originally
estimated from the mortality provided by the Ministry of Health. Health burden analyses were then run
with the ratio-adjusted background disease profile.

3 IHME does not provide death rates at the city level, and so nationwide rates were used. As Ulaanbaatar accounts for
approximately half of the national population, these rates should approximate each other.

% The Institute for Health Metrics and Evaluation identifies garbage codes as “causes of death that should not be identified as
underlying causes of death but have been entered as the underlying cause of death on death certificates” (Lozano et al. 2012).
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ICD Codes of Disease Categories Included in the Health Impacts Evaluation

Disease Name

ICD-10 Code Group

ICD-9 Code Group

Cardiovascular Diseases

Ischemic heart disease

Ischemic Stroke
Hemorrhagic and other non-ischemic stroke
Lung Cancer (trachea, bronchus, & lung cancer)

All Chronic Respiratory Diseases

Chronic Obstructive Pulmonary Disease

All Lower Respiratory Infections, < 5 years old

Influenza

Pneumococcal pneumonia

H influenza type B pneumonia
Respiratory syncytial virus pneumonia

Other lower respiratory infections

Secondary Outcomes

Tuberculosis

120 — 125

163, 165 - 167 (except 167.4),
169.3

160-162, 169.0 - 169.2, 167.4

C33- C34, D02.1-D02.2,
D38.1

J40 — )44, )47

J09 -J11
J13
J14
J12.1

J12 (except J12.1), J15 - J22,
185, P23

A15 - A19, B9O, P37.0

410-414
433-434, 437.0-437.2, 437.5-
437.8
430-432, 437.2

162-162.9, 231.1, 231.2,
231.8,235.7

490-492.8, 494, 496

487
481
482.2
480.1

466, 480.0-480.9(except
480.1), 482.0-482.9(except
482.2), 483-486, 513, 770.0

010-018,137.0-137.4,
320.4,730.4-730.6

Table G-1. Names and related ICD-10 and ICD-9 codes of the disease categories included in the health
impacts estimation. ICD codes were selected to match the 2010 Global Burden of Disease Study.
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Disease Rate Projection Models

Total
B1 B2
BO SE SE SE Model
(Year) (All Pop)
p-value
Lung Cancer -1.28E+04 4.21E+04 6.458 2.12E+01 -4.82E-05 3.96E-04 6.50E-01
CVvD -1.86E+05 3.18E+05 9.38E+01 1.60E+02 -7.06E-04 2.99E-03 2.83E-01
ALRI -2.37E+04 4.21E+04 1.19E+01 2.12E+01  -1.27E-04 3.96E-04 4.60E-01
COPD -3.23E+04 1.70E+04 1.62E+01 8.44E+00 -1.99E-04 1.60E-04 4.94E-02
Isch. Heart
Disease -1.49E+05 2.07E+05 7.47E+01 1.04E+02 -5.66E-04 1.94E-03 1.87E-01
Isch. Stroke
& Other -3.76E+04 1.17E+05 1.92E+01 5.86E+01 -1.41E-04 5.86E+01 6.08E-01
Tuberculosis 3.43E+04 6.28E+04 -1.72E+01 3.16E+01 3.33E-04 5.91E-04 8.57E-01

Table G-2. Disease rate projection models, as employed in the background disease burden estimation.

Background Mortality Rates for 2010, Ministry of Health Rates for UB vs. Lim et al (2012) National Rates

2010 Deaths per 100,000 2010 Deaths per 100,000 Ratio of MOH UB rate to

Disease (Source: MOH) (Source: Lim et al, 2012) Lim (2012) National Rate
Lung Cancer 12.07 18.14 0.67
ALRI (ages 0-4) 76.92 276.82 0.28
COPD 4.43 21.66 0.20
Ischemic Heart Disease 85.80 164.19 0.52
Stroke 76.60 124.22 0.62
Tuberculosis 15.72 16.14 0.97

Table G-3. Background mortality rates for 2010, Ministry of Health rates for UB vs. Lim et al (2012)
national rates.
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Appendix H. Supplementary Health Burden Tables

Table H-1 (Part 1). Estimated background disease rates through the scenario period.

Trachea, Trachea, Lower Lower

Bronchus, Bronchus, Respiratory Respiratory

Lung Cancers Lung Cancers Infections Infections
Year Population Population 0-4 Deaths DALYs Deaths (0-4) DALYs (0-4) COPD Deaths COPD DALYs
2014 1,355,176 148,219 227 5,678 416 35,640 425 16,621
2015 1,407,196 155,551 233 5,826 435 37,290 453 17,739
2016 1,459,516 158,438 239 5,974 454 38,927 482 18,845
2017 1,511,836 161,325 245 6,122 473 40,565 510 19,952
2018 1,564,157 164,212 251 6,270 493 42,203 538 21,059
2019 1,616,477 167,099 257 6,418 512 43,841 566 22,165
2020 1,668,797 169,986 263 6,566 531 45,478 595 23,272
2021 1,715,748 168,427 269 6,723 552 47,325 628 24,583
2022 1,762,700 166,869 275 6,881 574 49,173 662 25,895
2023 1,809,651 165,310 281 7,039 595 51,020 695 27,206
2024 1,856,603 163,752 288 7,196 617 52,867 729 28,517

Table H-1 (Part 2). Estimated background disease rates through the scenario period.

Ischemic Ischemic
Stroke, Stroke,
Hemorrhagic Hemorrhagic
IHD Deaths IHD DALYs and other and other
(Ischemic Heart (Ischemic Heart non-ischemic non-ischemic
Year Disease) Disease) stroke Deaths  stroke DALYs Tuberculosis Deaths Tuberculosis DALYs
2014 2,064 45,975 1,471 33,808 155 8,963
2015 2,151 47,903 1,493 34,321 156 8,973
2016 2,237 49,823 1,516 34,832 156 8,989
2017 2,323 51,744 1,538 35,343 156 9,005
2018 2,409 53,665 1,560 35,855 156 9,021
2019 2,495 55,585 1,582 36,366 157 9,037
2020 2,582 57,506 1,605 36,877 157 9,053
2021 2,674 59,556 1,628 37,410 155 8,963
2022 2,766 61,606 1,651 37,942 154 8,873
2023 2,858 63,656 1,674 38,474 152 8,783
2024 2,950 65,706 1,697 39,006 151 8,693
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Table H-2 (Part 1). Estimated health burden from PM, s under "Counterfactual" exposure (12.0 ug/m®)

Trachea, Trachea Lower Lower
Bronchus, ! Lower . Lower . COPD
Trachea, Lun Trachea, Bronchus, Lower Respirator Respiratory Lower Respirator Respiratory DALYs
Bronchus, nm:omm_‘m Bronchus, Lung Respiratory _3Mn:o:m< Infections Respiratory _imﬂ_o:m,\ Infections COPD Deaths coprD from
D -4 DAL -
Year Lung Deaths Lung Cancers Infections Deaths (0-4) eaths (0-4) Infections DALYs (0-4) ALYs (0-4)  COPDDeaths  fromPM,s  DALYs o,
Cancers Cancers DALYs from PM, 5 from PM, 5 from PM, 5 per 1000 from
from Deaths (0-4) from PM, 5 DALYs (0-4) from PM,5 B per
Deaths DALYs from PM,5 per 1000 per 1000 capita PM; 5
PM, s, per from PM, 5 per 1000 . from PM, 5 per 1000 . 1000
from PMys from PM, 5 per 1000 s children ) children X
1000 h capita capita capita
X capita affected affected
capita
2014 18 0.013 445 0.328 33 0.024 0.222 2815 2.077 18.990 22 0.016 872 0.643
2015 18 0.013 457 0.324 34 0.024 0.221 2945 2.093 18.932 24 0.017 930 0.661
2016 19 0.013 468 0.321 36 0.025 0.226 3074 2.106 19.404 25 0.017 988 0.677
2017 19 0.013 480 0.317 37 0.025 0.232 3204 2.119 19.858 27 0.018 1046 0.692
2018 20 0.013 491 0314 39 0.025 0.237 3333 2131 20.297 28 0.018 1104 0.706
2019 20 0.012 503 0.311 40 0.025 0.242 3462 2.142 20.720 30 0.018 1162 0.719
2020 21 0.012 515 0.308 42 0.025 0.247 3592 2.152 21.129 31 0.019 1220 0.731
2021 21 0.012 527 0.307 44 0.025 0.259 3737 2.178 22.190 33 0.019 1289 0.751
2022 22 0.012 539 0.306 45 0.026 0.272 3883 2.203 23.272 35 0.020 1358 0.770
2023 22 0.012 552 0.305 47 0.026 0.284 4029 2.227 24.374 36 0.020 1427 0.788
2024 23 0.012 564 0.304 49 0.026 0.298 4175 2.249 25.497 38 0.021 1496 0.806
Table H-2 (Part 2). Estimated health burden from PM, s under "Counterfactual” exposure (12.0 pg/m’)
IHD Ischemic Ischemic
IHD Deaths IHD DALYs Ischemic Stroke, Ischemic Stroke,
R IHD DALYs (Ischemic Stroke, Hemorrhagic Stroke, Hemorrhagic .
Deaths (Ischemic . . ) . Tuberculosis . Tuberculosis
R (Ischemic Heart Hemorrhagic and other Hemorrhagic and other Tuberculosis Tuberculosis
(Ischemic Heart . . . . . Deaths from DALYs from
Year Heart Disease] Heart Disease) and other non-ischemic and other non-ischemic Deaths from PM. < per DALYs from PM, « per
Disease) from PM Disease) from PMy5 non-ischemic stroke Deaths non-ischemic stroke DALYs PM;s Hooommmu ita PM,s Hoooﬂw ita
from PM or Hoomm from PM, 5 per 1000 stroke Deaths from PMy5 stroke DALYs from PM, 5 P P
25 _onm ita capita from PM,5 per 1000 from PM, 5 per 1000
P capita capita
2014 218 0.161 4846 3.576 48 0.035 1095 0.808 16 0.012 907 0.669
2015 227 0.161 5049 3.588 48 0.034 1112 0.790 16 0.011 908 0.645
2016 236 0.162 5252 3.598 49 0.034 1128 0.773 16 0.011 910 0.623
2017 245 0.162 5454 3.608 50 0.033 1145 0.757 16 0.010 911 0.603
2018 254 0.162 5657 3.616 51 0.032 1161 0.742 16 0.010 913 0.584
2019 263 0.163 5859 3.625 51 0.032 1178 0.729 16 0.010 915 0.566
2020 272 0.163 6061 3.632 52 0.031 1194 0.716 16 0.010 916 0.549
2021 282 0.164 6277 3.659 53 0.031 1212 0.706 16 0.009 907 0.529
2022 292 0.165 6494 3.684 53 0.030 1229 0.697 16 0.009 898 0.509
2023 301 0.166 6710 3.708 54 0.030 1246 0.689 15 0.009 889 0.491
2024 311 0.167 6926 3.730 55 0.030 1263 0.680 15 0.008 880 0.474
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Table H-3 (Part 1). Estimated health burden from PM, s under Trends as of mid-2013 (T-13)

Trachea, Trachea,
Trachea, Bronchus, Trachea, Bronchus, Lower Lower Lower Lower
Bronchus, Lung Bronchus, Lung _.o.<<m_‘ xmm_u_:.#o_é Respiratory ro.s\m_‘ xmmv_:.:o_{ _»mmu_:.#o:\ coPD coPD COPD DALYs
Lung Cancers Lung Cancers Respiratory Infections Infections Respiratory Infections Infections COPD Deaths from DALYs from PM
Year Cancers Deaths Cancers DALYs Infections Deaths (0-4) Deaths (0-4) Infections DALYs (0-4) DALYs (0-4) Deaths from PM - per from or Hoomm
Deaths from DALYs from Deaths (0-4) from PMy5 from PM, 5 DALYs (0-4) from PMy5 from PMy5 PM, s HoooN.va ita PM vnm ita
from PM, s, per from PM, 5 per from PMy5 per 1000 per 1000 from PM, 5 per 1000 per 1000 P 25 P
PM,s 1000 PM,s 1000 capita children capita children
capita capita
2014 62 0.046 1555 1.147 166 0.122 1.119 14214 10.489 95.901 93 0.068 3625 2.675
2015 64 0.046 1605 1.141 175 0.124 1.124 14979 10.644 96.294 99 0.071 3891 2.765
2016 66 0.045 1656 1.135 184 0.126 1.160 15746 10.789 99.384 106 0.073 4158 2.849
2017 68 0.045 1707 1.129 193 0.128 1.195 16521 10.928 102.411 113 0.075 4427 2.928
2018 70 0.045 1759 1.124 202 0.129 1.230 17304 11.063 105.379 120 0.077 4699 3.004
2019 72 0.045 1811 1.120 211 0.131 1.264 18095 11.194 108.289 127 0.079 4973 3.077
2020 75 0.045 1863 1.116 221 0.132 1.297 18893 11.321 111.143 134 0.080 5250 3.146
2021 77 0.045 1919 1.118 231 0.135 1.371 19785 11.532 117.471 142 0.083 5576 3.250
2022 79 0.045 1975 1.120 241 0.137 1.447 20686 11.735 123.966 151 0.086 5905 3.350
2023 81 0.045 2031 1.122 252 0.139 1.525 21595 11.933 130.632 159 0.088 6237 3.446
2024 83 0.045 2088 1.125 263 0.142 1.605 22511 12.125 137.473 168 0.090 6572 3.540
Table H-3 (Part 2). Estimated health burden from PM, s under Trends as of mid-2013 (T-13)
IHD IHD Ischemic _M_“M_H_n _M_H_H_n
IHD Deaths IHD DALYs Stroke, Im_Bo:‘:m“ i Ische ImBo:\:m‘. i
Deaths (Ischemic DALYs (Ischemic Hemorrhagic . Stroke, . . .
. . and other . and other ) Tuberculosis . Tuberculosis
(Ischemic Heart (Ischemic Heart and other Hemorrhagic Tuberculosis Tuberculosis
. . non- non- Deaths from DALYs from
Year Heart Disease) Heart Disease) non- . . and other . . Deaths from DALYs from
. . . . ischemic ischemic PM, s per PM, s per
Disease) from Disease) from ischemic non-ischemic PMys R PMys B
stroke stroke DALYs 1000 Capita 1000 Capita
from PM, 5 per from PM, s per stroke Deaths from stroke DALYs from PM
PM; 5 1000 PM, 5 1000 Deaths from from PM,5 25
capita capita PM PM, . per per 1000
P P 25 1000 capita capita
2014 606 0.447 13501 9.963 662 0.488 15204 11.219 90 0.066 5185 3.826
2015 633 0.450 14110 10.027 673 0.478 15466 10.991 90 0.064 5215 3.706
2016 661 0.453 14719 10.085 684 0.469 15728 10.776 91 0.062 5248 3.596
2017 688 0.455 15332 10.141 696 0.460 15990 10.577 92 0.061 5280 3.493
2018 716 0.458 15947 10.195 707 0.452 16253 10.391 92 0.059 5313 3.397
2019 744 0.460 16565 10.248 719 0.445 16515 10.217 93 0.057 5345 3.307
2020 772 0.462 17186 10.298 730 0.437 16778 10.054 93 0.056 5377 3.222
2021 801 0.467 17848 10.402 742 0.432 17051 9.938 93 0.054 5346 3.116
2022 831 0.472 18513 10.502 754 0.428 17324 9.828 92 0.052 5314 3.015
2023 861 0.476 19180 10.599 766 0.423 17597 9.724 92 0.051 5281 2.918
2024 891 0.480 19850 10.692 778 0.419 17870 9.625 91 0.049 5248 2.827
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Table H-4 (Part 1). Estimated health burden from PM, s under Scenario 1

Trachea, Trachea
Bronchus, ! Lower Lower Lower Lower COPD
Traches, Lun Traches, Bronchus, Lower Respirator Respirator: Lower Respirator Respirator DALYs
Bronchus, s Bronchus, Lung ) piratory prratory . piratory piratory COPD Deaths  COPD
Lun Cancers Lun Cancers Respiratory Infections Infections Respiratory Infections Infections COPD Deaths from PM DALYs from
Year s Deaths g Infections Deaths (0-4)  Deaths (0-4) Infections DALYs (0-4) DALYs (0-4) 25 PM,
Cancers Cancers DALYs from PM, 5 per 1000 from
from Deaths (0-4) from PM, 5 from PM, 5 DALYs (0-4) from PM,5 from PM, 5 ) per
Deaths DALYs from PM, 5 capita PM,s
PM,, per from PM, 5 per 1000 per 1000 from PM, 5 per 1000 per 1000 1000
from PMy 5 from PMy 5 per 1000 B . B . 5
1000 N capita children capita children capita
. capita
capita
2014 62 0.046 1555 1.147 166 0.122 1.119 14214 10.489 95.901 93 0.068 3625 2.675
2015 63 0.044 1564 1.112 170 0.120 1.090 14528 10.324 93.399 97 0.069 3797 2.698
2016 63 0.043 1571 1.077 173 0.118 1.090 14793 10.136 93.370 101 0.069 3955 2.710
2017 63 0.042 1576 1.042 175 0.116 1.086 15012 9.929 93.053 105 0.069 4102 2.713
2018 63 0.040 1578 1.009 177 0.113 1.079 15182 9.706 92.451 108 0.069 4238 2.709
2019 63 0.039 1578 0.976 179 0.110 1.069 15301 9.465 91.566 111 0.069 4361 2.698
2020 63 0.038 1575 0.944 179 0.107 1.055 15367 9.208 90.401 114 0.068 4472 2.680
2021 63 0.037 1572 0.916 180 0.105 1.070 15447 9.003 91.712 118 0.069 4608 2.686
2022 63 0.036 1566 0.888 181 0.102 1.082 15465 8.774 92.680 121 0.069 4728 2.682
2023 62 0.034 1557 0.860 180 0.099 1.089 15421 8.521 93.284 123 0.068 4832 2.670
2024 62 0.033 1544 0.832 179 0.096 1.091 15312 8.247 93.505 126 0.068 4919 2.649
Table H-4 (Part 2). Estimated health burden from PM, s under Scenario 1
|HD Ischemic Ischemic
IHD Deaths IHD DALYs Ischemic Stroke, Ischemic Stroke,
. IHD DALYs (Ischemic Stroke, Hemorrhagic Stroke, Hemorrhagic . .
Deaths (Ischemic N . . . Tuberculosis . Tuberculosis
R (Ischemic Heart Hemorrhagic and other Hemorrhagic and other Tuberculosis Tuberculosis
(Ischemic Heart . R ) R . Deaths from DALYs from
Year . Heart Disease) and other non-ischemic and other non-ischemic Deaths from DALYs from
Heart Disease) . X . ) . PM, s per PM_ s per
. Disease) from PM,5 non-ischemic stroke Deaths non-ischemic stroke DALYs PM,5 R PM,s B
Disease) from PM,5 1000 Capita 1000 Capita
from PM er 1000 from PM,5 per 1000 stroke Deaths from PMy5 stroke DALYs from PMy5
25 nnm ita capita from PM; 5 per 1000 from PM, 5 per 1000
P capita capita
2014 606 0.447 13501 9.963 662 0.488 15204 11.219 90 0.066 5185 3.826
2015 625 0.444 13929 9.898 667 0.474 15329 10.893 89 0.063 5114 3.634
2016 644 0.441 14337 9.823 672 0.460 15442 10.580 87 0.060 5042 3.455
2017 661 0.437 14728 9.741 676 0.447 15543 10.281 86 0.057 4967 3.285
2018 678 0.433 15098 9.653 680 0.435 15630 9.993 85 0.054 4888 3.125
2019 694 0.429 15448 9.556 683 0.423 15701 9.713 83 0.052 4804 2.972
2020 708 0.424 15775 9.453 685 0.411 15754 9.441 82 0.049 4717 2.826
2021 723 0.422 16112 9.391 687 0.401 15796 9.207 79 0.046 4570 2.663
2022 737 0.418 16422 9.317 688 0.390 15815 8.972 77 0.043 4420 2.508
2023 750 0.414 16703 9.230 688 0.380 15807 8.735 74 0.041 4268 2.358
2024 761 0.410 16951 9.130 686 0.370 15769 8.493 71 0.038 4112 2.215
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Table H-5 (Part 1). Estimated health burden from PM, s under Scenario 2

Trachea, Trachea
Bronchus, 4 Lower Lower Lower Lower COPD
Trachea, Lun Trachea, Bronchus, Lower Respirator Respirator Lower Respirato Respirator DALYs
Bronchus, s Bronchus, Lung . P . v P . ¥ . P . v P . ¥ COPD Deaths COPD
Lun Cancers Lun Cancers Respiratory Infections Infections Respiratory Infections Infections COPD Deaths from PM DALYs from
Year g Deaths s Infections Deaths (0-4) Deaths (0-4) Infections DALYs (0-4) DALYs (0-4) 25 PM;s
Cancers Cancers DALYs from PMy5 per 1000 from
from Deaths (0-4) from PMy5 from PMys DALYs (0-4) from PMy5 from PM,5 R per
Deaths DALYs from PM, 5 capita PM, 5
PM,s, per from PM,5 per 1000 per 1000 from PM, 5 per 1000 per 1000 1000
from PMy5 from PM, 5 per 1000 N . R . s
1000 . capita children capita children capita
- capita
capita
2014 62 0.046 1555 1.147 166 0.122 1.119 14214 10.489 95.901 93 0.068 3625 2.675
2015 61 0.043 1526 1.084 165 0.117 1.058 14096 10.017 90.622 95 0.067 3707 2.635
2016 60 0.041 1490 1.021 161 0.111 1.019 13835 9.479 87.321 96 0.066 3758 2.575
2017 58 0.038 1446 0.956 157 0.104 0.971 13423 8.879 83.207 97 0.064 3777 2.498
2018 56 0.036 1394 0.891 150 0.096 0.914 12853 8.217 78.269 96 0.061 3760 2.404
2019 53 0.033 1333 0.825 141 0.087 0.846 12118 7.496 72.519 95 0.059 3704 2.291
2020 51 0.030 1263 0.757 131 0.078 0.770 11221 6.724 66.012 92 0.055 3603 2.159
2021 47 0.028 1185 0.690 119 0.070 0.708 10220 5.957 60.679 89 0.052 3481 2.029
2022 44 0.025 1094 0.621 106 0.060 0.635 9084 5.153 54.436 84 0.048 3296 1.870
2023 40 0.022 992 0.548 92 0.051 0.555 7860 4.343 47.545 78 0.043 3037 1.678
2024 35 0.019 875 0.471 77 0.042 0.472 6619 3.565 40.424 69 0.037 2692 1.450
Table H-5 (Part 2). Estimated health burden from PM, s under Scenario 2
IHD Ischemic Ischemi
IHD Deaths IHD DALYs Ischemic Stroke, Ischemic Stroke,
; IHD DALYs (Ischemic Stroke, Hemorrhagic Stroke, Hemorrhagic . .
Deaths (Ischemic . . . . Tuberculosis . Tuberculosis
. (Ischemic Heart Hemorrhagic and other Hemorrhagic and other Tuberculosis Tuberculosis
(Ischemic Heart . . . . . Deaths from DALYs from
Year Heart Disease) Heart Disease) and other non-ischemic and other non-ischemic Deaths from PMs < per DALYs from PM, « per
. Disease) from PM, 5 non-ischemic stroke Deaths non-ischemic stroke DALYs PM, s 25P R PM, 25 P B
Disease) from PM, 5 1000 Capita 1000 Capita
from PM per 1000 from PM, 5 per 1000 stroke Deaths from PM, s stroke DALYs from PM,s
25 capita capita from PMy5 per 1000 from PM, 5 per 1000
P capita capita
2014 606 0.447 13501 9.963 662 0.488 15204 11.219 90 0.066 5185 3.826
2015 618 0.439 13755 9.774 661 0.470 15192 10.796 87 0.062 5016 3.565
2016 626 0.429 13949 9.557 658 0.451 15127 10.364 84 0.057 4834 3.312
2017 632 0.418 14076 9.311 652 0.432 14994 9.918 80 0.053 4631 3.063
2018 634 0.405 14124 9.030 643 0.411 14772 9.444 76 0.049 4404 2.816
2019 632 0.391 14076 8.708 628 0.388 14430 8.927 72 0.045 4151 2.568
2020 625 0.374 13911 8.336 606 0.363 13924 8.344 67 0.040 3864 2.316
2021 612 0.357 13629 7.943 574 0.335 13193 7.690 61 0.035 3498 2.039
2022 591 0.335 13156 7.464 528 0.299 12125 6.879 54 0.030 3095 1.756
2023 558 0.308 12432 6.870 460 0.254 10561 5.836 46 0.025 2645 1.462
2024 510 0.275 11364 6.121 360 0.194 8280 4.460 37 0.020 2139 1.152
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