[ Downloaded from journals.tums.ac.ir on 2026-07-07 ]

93 oode (gaollad (Cons ) o 9 Cuodlw alxo
RTLR VE T RUAVI RVERN Fe 4|

YAY B Y20 Sldo AYAA 50k cpg oylods qo33lss 0,98

0,
" agn) |

By

Available online: http://ijhe.tums.ac.ir \\/
u..‘:'.h 9 jg: s \ / K

B 5
o o«
Of Environ™

OIS 3o (PM, ) oS g yiog ySuo Y0 ylad b Igo 3lro <ilyd il 510591
BenMAP-CE 135! 6 5 5l solasa! b ccodas 52

Vu;»)j)-) gL!.».’> >) ¢Y».\)'9.a.a~.’>' doLa..\.w 5\ 5,Ua.c )9"&"““" W ».\.».’?r.a“ > ‘{é“k.éf&l 5).w.> 4‘&:1.:.3 Lb)

U‘)"‘ ‘g‘;&-‘ ‘Q‘)’Q” olKisls ‘(5“3 LngoAimJL) Bl gw..:)JadJm ouSiisls gw)hﬁk,—c LS““A‘“Q’A 05; -\
OInl el cols (S pole oRidls (i jlams caSlin gy den  Sogll liasy S 6 -V

ol el el S pale oKl cublagy ouSails wulagy SLazdl 5 i pyke ple 09, Y

0 b S aJll fo ool M LI
O yeS g s ;o WAV Jlw o len ceaS dzgd Ll 0guge 9929 L i g dw) AA/+F/14 (el o b

RS a5 10 S Je sloJL b lie 55 ooai¥T 55T slocile 5uilee g0 oy )y oy Gt

dadllas pl Gas ol alols Lo o)laslinl 5 cuslags Sl olojle dgein )mLo.o L QlSLfS QA/V/\F ey g,

Llse slee S5 Sl @5 ooged Bl bg (ld 5 5o caadlo o lso (Sogll Slilojsly q /. v Ll g ,b
Lol 4g=lge lie pad )0 imenr S @ig g (PMz.s));"S 9 9,500 Y/ jlab

33l s GEMM gl clle ol (o8 ym0 (ool caallla () 53 5wy 32 (9

S a5 g o1 slea PM, | L e ol aglse 4 oy g S 0 BenMAP-CE

cdale glaosls .l oo 085 ez 3o,k ! IVYAY g VYAP sla JLw gl )8 0 5l
YEU Gl PM,  Clle e (nedss S 198 S Wji:i::i[j):&z oo 8 Jon ol isalS 53
b oo (85055 PM, b agrlge cubale 1 Silie a5 ks (L ool Sy gl slaazdly Ol (alage ol 5
035 YEIY Pg/m® 5 ¥V/A pgim® 1 YAV g 1 YR8 ala Lo 15 545 s ) Carnoz
PM, & et S0 (ALOAN-2NYE) VL YVY £50zme 0 GEMM &b 3 oolasul b .l
olaws pl YAV Jlo gl g 000,505l 5 (JLo YO 31 535 ,5) oYLWS 5 ;0 VYWA2 Jw o
a5 3,515 (B,YOY-0,31A) £,F1A
2 Gl 4 i S e £y 0l GL PM, [ 4y o oS e SIS a0 65 16 g8 domiis
adbie ;59 SYL Eblio nlow 5l oles G0 =2 VA 917 bl ;o Cumax a5 150 ) ) i 0 Aot 95 5Sd g 35 Cnmy
el by 500 @bl 51 o khashrafi@ut.ac.ir

Please cite this article as: Bayat R, Ashrafi Kh, Shafiepour Motlagh M, Hassanvand MS, Daroudi R. Estimation of Tehran's particulate matter 2.5
micrometers or less in diameter (PM, ;) health effects, using BenMAP-CE. Iranian Journal of Health and Environment. 2019,;12(3):365-82.



https://journals.tums.ac.ir/ijhe/article-1-6274-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-07 ]

Gblie )0 &5 58 lalllae 51 gohiss doJlos Gyean )
(Y VA) o], g Burnett g oo picie s oogll Jla
Joe st o waz Jae S alalllas ol 5l ool il b
Global Exposure Mortality) &, o - ag>lgo Slo>
&b GEMM s wis 5 5,20 |, Model (GEMM)
25255 Slalllas Gulsly s PM, -5 o Jlas oo
s ;3 GEMM ool sl o s of31 (slgn SolT
ol w5 o sekee (Vo IF-V/B) AR Slss Y+ 10
o nitio 331 (slgm 0an¥T o g lyics PM 0

V) el

@olasdl 5 (otlage Sl o5l cazr o (la)ldle ]
sAnenberg o s 04 >3 ls o oS Ol Ly b e
oy 138l 5 g 00,8 aslie 1) 0 50 VY (Y1 F) o),
cbla> lsT BenMAP) o jlase sble obj)l g
Ll o el 5l (SO olgieas 1) samie VLT g s larss
@boyl 30 Lawgi a5 03 pgmye JIR1(VF) Wlos S (5
Sldllae s (V) el AIrQ sl axwys WHO
o ol 51 o) b o slsm  Fosll ol il o6l s |
g o(V+) Hlggumws « (VA VA) loen aible Wilosges oolazuwl

AYY=YF OF) o5 5 (YY) obla,3 «(YY) 5leal (YY)
b6 (Years of Life Lost (YLL)) , «c ais, cws
Lol e qss 5 ol 50 PM, 5 @ o (6 8ty
BenMAP |5l cloizl ases s GEMM a5l oslica
\YAY 5 VY8 sl Jlw sl ,— (BenMAP-CE)

29, 9 olge

Coro p s (eddg5 oyl s cdalllae Sl 03gumme
i Hedio M 5 b (Sl Comex b g5 .ol ol
Km? s5u> ggame Corbis b alee TFY ol aithata VY &
5 caslllan loj e3gumme () JS3) Sl o0 s SYY
JOWRY L VIR LY CORy

Ay

e g Blao O3 1,51 3,491

doddo

g JB oy ol e 5 jack e soz Laylp 0925 L
OnSilee (7S g (RS e 50 VTRV Lo ol oS
CoisS ( J slaJlo b awolie ,o los¥T ST clacdale
i Gl plejlw dgein; polie b (LS Gled lso
oals Hlois goamie Sldlas (V) o)l alold Lo o lasbul
VIO um  Seelosg 51 k8 b lgn slas ol )d clalé a5 el
3 S pely s i slot ol sla s (PM, ) 255 5
(Bleo 0,5 aSulay 4z gi L(V-V) 000 (Ko (9395 e
‘5>L>))| o YW ‘..\_§)lo )...u ‘) )f.‘v.é o— J‘}A J.o.‘> u...lalﬁ
PM,  cdale | Wlil lsa sly lga  Sogll cadlw S,
(A A) 055 o0 oolaul s ‘ﬁfaﬁﬂ S Ly laieay
Slhlas g ol glga Sogll clale ol s alal ) pss Cap>
Sl S b uwl-cdale wolgs 555 o] a4y e Suilog
(\ +) S d.d)f)‘).‘) oolal )90 L';HS)" 9 u’_o.».a)lil ‘(5,45
S o olaws @ olyT slg Pl\/[z5 S fmly—cidale ailgs
angd (FOUG/MY 51 1208) (o8 Lices cdale b gblie ;o 00
L) oK ea s Burnett s o) (1)) sloos
Integrated) z—wb-ag>lso aol> 2l b cils o1 5
slacdile s a5 (Exposure Response (IER)
5 e 5 Sye 33T (sl (Fogll mbie (s sl oS
o131 lso) amlis dan SIS S 5 3,k 51, PM )
)Li».w S0 GL.A (_}"‘ 4.1.o.> )l R 00)5T Cddy (J}‘Q 9

Global Burden) ,los ,b Sz asdlas o |, PM,
5)ooliwl Lol ools LS5 (of Disease (GBD)

< e 5 ko 5k 3,00 ool IER 35, .0V +)

i a9 S 1o (s Y010 Jlow ol ,— IER g,
sekes (IAYIVY FIY ez sl oo 15 o151 (slom Sog)T e
5,91y ca IER ¢ Slgl,e cldllas (VYY) o 05910 S pe
OBNFR) wlooges ealitol Iya Sl 4 canite slacS

ggg yﬂy
VPAA Jusly /oo o)l /s jlgs oj9s 8
N -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6274-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-07 ]

ol)Kea g il Lo,

>z

Tehran

Tehran-Neighbors.
PopDensity
—o-m

= 10120
. 201 -300
.ot -0
-0

o racere

(o3l o oo YR (2) 9 ¢yl bl 50 () pd s oo () £) ) 30 ol o Ll Jomo () 1] o aidls - Kl
WA Jo 9 corman o515

O Sl o plmil 47 Jw mls sl p 55 AV Jlow
Gl b (i SSE @) aloee YY1 S 0 Cone
@ Jl ol Comen cu s caloe 12 0 (g )lod o Cunex
Sled Comaz @y o gl L Al o 5l od] Cawsds A0
S50 i A4S Sz g o0l o dlme 8 )3
Gl loaze ,I5 ol o i 00 ez A7 Jw gl O e

b bl AY L
Jso slaoan ¥l clale el glaosls PM,  slacdale
oia] VY il 09390 lgp coaS ]S &8 8 colw o
U o8 53 2l Jlo 3 bt ke 555 25
YY 5 ol 12,0 V¥RV 5 1TAF sla s o it
ol Jlo olels oy 0+ 51 oo o Blae SIS oK)
ool LPM, o sloosls mue 5 g, 5l ooliinl b .ol ous
i dmosls - Slej 63LwSL s PM | slaosls
S gloj eogazme 3l 7,5 slosls lsicas Laosls

loduds Bi> 9 0 QS'L"“"L'“’

h 1F9A by /g o lais /@ jlgs 09>
. L 3l

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

v

oolasiwl 390 glaools -

Ol 9 PM ¢ (Soglla citin o g S0 051
3,90 (69,9 o3l 93 Jlez pl AYAY 5 VYAF sl Lo ol
Je (¥ l3l gl Sogl PM | slacdale 51 s (F
o9 Sy (F gl Soglla lasye oo baisliss S
Al

la)bﬁl_w‘ L al>e YFQ rQLQJ 6‘)‘.‘ (e dLmoalo Lo
S5 4y me sloosls el Cawsds ol 5 (5,00 0 ]
ST 5 5o Lags VTR0 Jlo o 6t o 2, 51 5 ¢
)‘ ‘LQJLM: }:Lw ‘Si&m Lgl.{bw 9 03— aps AN U‘}"
Ome3S dn Jlow & (G098 o ol 3l slass sl 3 )b
AYAE Lo jo Lasuice fpw yd Comez 3,90 p (6l 0 00

6‘).1 A...»‘)S U"‘ (AW [°l5u‘u"‘""‘"4""15k5‘)" ¢y u‘)é od—


https://journals.tums.ac.ir/ijhe/article-1-6274-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-07 ]

Slgreds e alS slaclale oL (Shapefile) L6
) Jjbﬁww;)‘ﬁodm‘é)yayﬁ@a_w

B oI Sonaz S 5 polin 45 gz Jol>
PM, | comox b oas (m30y35 cale sniaslis ( Jol> o

el Gl I sl
b Sl e 5 S 5o asdllae (ol Joloxi g 52515 po Jle
Gl e 9 5 o plod Lo 185 sl 557 et (Dlolay sliiula)
258 Glags Lo Cdoay (VLS 5 o Slolas 5l 8
sy (Non-Communicable Diseases (NCDs))
Lower Respiratory) sl owii i ol Cigae
b S e 0,51 cplpls () +) el (nfections (LRIs)
(NCD + LRI) 05,5 55 oyl s ool 5| 1 yon g 5o 5|
S e sl lasBlas slas gl p uioren A Sgazme
S0 4 cailin o 9 5 0 a5 (COD-0) 5 po e i

sl Lol wile e g oas wlil Jle o 5,b 5l 15
(Ischemic Heart Disease (IHD)) 15 oSl
Chronic) «, e 30 ol 5 Lo (Stroke) (e ass
(Obstructive Pulmonary Disease (COPD)
s sl Cgae g {Lung Cancer (LC)) 4, oylb
(3o Ol gl 0 .()+) o &l (LRI) Sliss i
Cle i ol 148 Iyn Sooll 4 e ooy o ol

sl 00 @81, cous sl
w9 Plot o 5l ol sl €55 culialy yao 9 S p0 &5
Institute for) «cwdle obj,l g b las 4 wwge colo
s!,— (Health Metrics and Evaluation (IHME)
() ot 48,5 (VYR8 B ATAF JL) Y-V B Y- Jlo
oslawl L OVYAY) Y VA Jlo slag 0] Camdds g g
Ol 09T Jold e JBlao 39, 5l 5 (—bioss S|
a2 e a8l alls O S5 a1y il las gl e gorme
&5 PM g4 i o 5 S pe (5503l sl (YY)
Ol SeSas  (Jlow YO 51 58,5 (YL )0 oo 5 S o
soliul 8,90 (COD-0 g NCD + LRI) 04,5 5 i

YA

e g Blao O3 1,51 3,491

PM ) sloosls jlaslii Wl LPM, o sloosls goo 5 g
39> ga PMIO 5PM2_5 clale g0 0 a5 Jlo 5l Slelo sl
&l olael pl diliale (1S5l g sl Gty o (ol w0y
Jlo s 50 o] o (gl ol ol ol s oS V4
PM,; s PM, ; slaclale e (5 5ko Byme a5 02 VY
Slelw lp PMZA5 cladale w0 sl O S92 g0
s oS o o olelw gl g s 5 7o cdale (ol 6l
PM, § ceess olgisay ccdale ol 5l o o waszsls PM
ol il ailmle G 3529 &j50 1 pd cnl 0 0 5l
Ot 001 50 Al Sl Sjg0 ol b j0 g 00e

oBia! o1 5o sm) aAldlu s 0929 pae Sy 0 0l
Slee e 5l (Gl a6 2S5 0 3IWIPM, ¢ cas i
9 YA i A% w10 o5 o 0 ean¥lgo e bale
olaws o 3,k cpl 51l oo solawl /- Ll AV Jlu o
2028l dguge s PM, (il (6l 59250 sLnosls
2B sleosls PM, o (slaosls (o3LwSL gz v al> 1
S3LSL slp was B> olulis (outlier) esgases ;)
oy okl g &S (VYA o)) Ken g Z0ESE g, 5 nosls
i Gliebol alold Xy o sods il cldale 285 18

V) w solatwl cenl
WAl YA, o wldl v bawgie o bale o gl 5 g
(Voronoi Neighbor 5,5 Slowwa Sl
lasl 8,5 1,8 eolaxwl 0,5 Averaging (VNA))
(S Jol) alore 2 45 ool ] I (gl gozeo
b s g 00 (plwlid 0 iiS 0 p9—amme (g3 |,
old (ugSae Ly oad (230359 Sl (B9 5l oslii]
,—olas «(Inverse Distance Weighting (IDW))
90 et Alome y2 (awiid 35 e gl bale b
poobale S5y ol e jo lawgte CAlE A wle o
5550 3 T ol ugSian s clito alons glons olSE ]
5 oy ol b el 00 Ll Al i
cwl PM, o clale lade (61l ¢ gunaz S slo Jsl
US55 005 Jsbos o] cale il (5eSilos ooyl a5

%ﬁ yﬂy
VPAA Jusly /oo o)l /s jlgs oj9s 8
N -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6274-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-07 ]

OS2 g by Lo,

&yl ool SOb yo S o 3l 4295 BB (ise gl €og—i oo
)‘d)jwﬁu)f O yg—o 6)L"1 GL""J:‘.J-’J}:‘.-‘U“’J—:’
Cige yon 9 S po o gbools 5l aosls o iga e

s eolawl 9 S}A cbl.l 390 Oy 5 = ("N)‘).Q)'

Sro e pled Gl aly je 5 S0 25 eizren 285 18
)éo.\_mwsj).o)uigtbb)_uaguf)ﬁc)_)uog_a})o
Ol gian b dlas 4 az g5 b g ol 331 Wl ja ) iy ylojle
u...a r:d.c d.]a_w‘jcb osls 0oy uoju\m 4 QLC.)‘ 9 d_byj.o

EEN
w
——]HD = Stroke
Ve o == COPD =>e=LRI
==LC =@®-NCD+LRI
All causes
\ : : : : : : : : : : : : : : .
v . v . ° . "3 . v . ° - " - v
«"S} :\*\"{ <°‘<§ {“é {“é v{\:}b v’sy a*\l; {S; 4*5 3‘\:)4 v{\:; v*’; x*& @I;\
&AA’

\yvay Jl.w)é @Lz..d sj).oJJ.c‘sb.g Jw)}gW‘slbag;)é‘)b@'ﬁjtj}n&b‘mﬁu\.is)—\ )b,a.s

WAV Jlo 50 (S 09,5 ¢ 5 o e SOST 4y ()] i e (OLBOLAT ju) S o 0 ylg0 Slawi —Y Jgus

He plos NCD+LRI LRI LC COPD Stroke IHD (e 03, S
vy YVa WY ¥ 4 N Yy YOUYS  o5s9,
avy FYA V4 Ve ) ¥4 s K15 Y
VA8 £50 VY N VY o VoA YOLYY 550y
V,e ) VEA YY Al VY 00 VEA LR A SR PR
\Ff5 VA S¥ \i2 Y vy AA Y00 L5 S SR PR
Y,-44 VAVY YA \Al O Vof fry 0:60F ;905
Y, oY YAY- oY Y AY AN FOA DOLOY ;505
¥.arq YAY. vy VE§ VY- i A4 2352 SRR PRI
\f24t £,00- Ad V04 VO fva Vo AY FOLFA g0,
€479 £4.v V-q VFY VY# OVY VY VLYY e
0,FAY 6,¥44 VY Y4 Y V-9 WYA - VOBYR o905
\YAf- VY, YSY O+ A Y. Y.¥f YY-0 fYYYf A48 B
FYFAY  FFNY VASE LYY LAY 0,8 N SAAY YALAY a0
M9 LW s
Ol o bl sgs ale ¢azl g jy Lale soliliad 14

ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6274-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-07 ]

e g Blao O3 1,51 3,491

Glizo (i (Sl GEMM (o9 yuo 9 S po s sl yiolyly -F Jgur

v 0 o St. Err 6 0 e S S
¥ UA Vo/o Ya! VAV WA¥AS >Yo
Y VA Vo/o A ARFALY +/YOAO YV/o
¥ A Vo/o a! YARFAY /Y oVY ¥Y/0
¥ UA Vo/o Ya! AT A\ VYoV YV/0
¥ UA Vo/o Val /r\t0 +/YOOA £Y/0
¥ UA Vo/o Y V/NEYO V/YoYY £V/0
YA Vo/o Y YRRALYS /1444 oY/o NCD+LRI
Y UA Vo/o al YAl ATAN ov/e
YA Vo/o A V/OAYYO YAYAQ 1v/0
VA Vo/o Val VOAYAS VATV 7
VA Vo/o Yl VYYE VATV VY/0
YA Vo/o YAl VONVE /\YoY YV/0
YA Vo/o A YR VAREA N
gy VY V/A [+ \VAY /Y414 >Yo
g/ VY \/A v/ YLOA v /0V YV/o
g/ VY \/A v /e YYQ o /EVAY Yy/o
§/Y VY \/A YR AR V /8400 YV/0
/Y VY V/A YN VEVEA £Y/0
/Y VY V/A o/ \ATY CFALN £V/0
£y VY \/A VY Y OrY oY/o IHD
£y VY V/A eyons OFYY ov/o
£y VY \/A VAT WALAE 1Y/0
£y VY V/A oY YWY 1v/0
£/Y VY \/A VY YT s vY/0
£y VY V/A /04T WALYY vV/o
£y VY V/A [ aVEo /Yoy Ao
YNV VUV VY /eviay CYVY >Yo
YNV (RVY% VY YARLAL! V/80NY YV/o
YNV VUV VY ARREN VEYE YY/0 Stroke
\AWA (RVY% VY VARIAZ WALRA YV/0
YNV (RVY% VY «/+qvoY /A4y £Y/0
IR - & JEL | %
YV Ol o il gy ale (sl g Jy oale aolibiad

ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6274-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-07 ]

OS2 g by Lo,

iliseo (w5152 GEMM  (fi9; yo 9 S yo (e gyl sl =¥ Jguazr aolo!

v n o St. Err 0 0 s 83 S Je
Yy A% VY /eqny JARAL! £V/0
Yy (Y% VY ATV JAREA oY/o
Yy (Y% VY +/+VOAO C/YAVY ov/e
YY/vV AYA% VY o/ WATY +/YO04A ay/o
YY/vV AYA% %Al /N4 +/YYYO av/e
YY/vV ARYA% VY 2/v0ENA /Y 0) VY/o
AAWAY ARYA% VY AR ALY WANAZN Vv/o
YY/vV ARYA% Al /Y VAR YA Ao
Yy Y/0 Ve o/+VAY AL >Yo COPD
Y4/A SVAN VY AN RAY +/YALY >Yo LC
A/L JA% %A ARNAN JEEA >Yo LRI

10,5 1,8 oolail 5550 Wilgs o ¥ alolae ¢yl 45

(v)
AY = (1 — GEMM (z,)/GEMM (2)) x Y, x Pop

g adslolil slge (Fogll e bale s s az) 52:5] o as
o 2 6l 45 el Iy Fog)l b azilagale Cenn

el 08 5,51 VTR B 1TR- (sl L) alo VFA
aolee b 55 (YLL) a3 cows 5l S5 slo L JS slass

YLL=3YLL;, YLL;=AY,xL, (¥)

Sl Jglaz 5l eandllas ol )0 el T w095 G (5lps datd

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

YV

PM, | & oo ya0 9 S 30 3330 50 -
azlye Sl Joo bl sl Db gileoeS sl
g Burnett adllas ;o a5 o ool wl (GEMM) & o _
e 1 Sile o Lo | el 0o &L (V- VA) o e
S o 5 @ [HG/MP] L saosls lis) Lame PM | aildls
Vsl jlad Cod U jloslaial b (g 09,5 52 0 e

(\’) Sl 00 UL"'

{ Bln(£+1) }
GEMM (z) = exp \——F 4= ()

1+exp(— %)

|y ey b JS 45 (v g b @t 0) GEMM glo el
5 o o5 e gy s NCD + LRI (6l oS s cinogs
5l 00 i Ciogs (V2 VA) o], g Burnett Lwg
5 5 o ol 051, sl (¥ Jsuz) GEMM sln il
35815 gl o ool al 8 51 PM, S b las o e
oo ;2 61y loa (Fogll 4 cnitin AY oo 5 S 50 olaws



https://journals.tums.ac.ir/ijhe/article-1-6274-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-07 ]

asisly
slecaser o 5l Jols gloazsly @15l iz ol o
Slass ccalizee slalw slacdale 5 Fodl b asl ag>lse
ATAY 5 1¥A8 bl s PM, & o tie ey S ya
alizee 3blio g e 4o g alizie i «F o e Jle
4 Jloga abewgay Ll glaniy; 5 o (s 5 1) 15

] oAAT)o UMJLQ.:

a8l ag>lgo Carox -

Somez (a9 3lge S 50 0B e by Gl
Corax Egazmo g duwloe ol yed aloes YA jo alies oy
A WVAY Jls 5o g ALAAYAY ol s AYA8 Jw o ol s
(Y loged) o dwloee A,AYYF,YAD

Sl PM,  cdils -

Sebar AY 547 Jlo ,0 cud i ime eolo L oSt V4 )
0ols (A—s,3 #Y 5 YO) AYS - h 5l OAPF 4 POTYA o Sils
Syrse socdale (aled (:Sile 5 35 09750 PM,  clile
A3 3,9l YEIV pgim? o YY/Y pgim?® ol Jlw g ol
rog sosls e 5 g, s PM | (sLsosls 3l oslaxul b
2o,5 1) 5 AY 4 PM, o slaosls slass 1255k coas o0l
s pa YVIO pugim’® 5 YV/F ugim’ e lile .Sl Lo
osls (g3LwcSly o, 5l eoliiwl Lo, Y 448 Lo 6l
eSile 0dgazme s slrosls woy0 B dga > Bl
S YYIF UG’ il o))y oKy VA o, PM | il
PM, | clale colys)o (F Jsoz) o (s YHIV ug/m’
Gllas 1YY 5 1¥A8 ol ,0 Comex Load a0y
S YEIY pgim? o YV/A ugim’ ol oo s @l g,
ous dlga—in (V+ pg/m3) Sgair, polae plya_w dga>
oS sl Stlage Gl loslbw Josdlygiws L
Sl sy slo sl ke 5l o 555 5 (AQG) 15
A 3yl (PF) (VY pg/m?) !

YvY

e g Blao O3 1,51 3,491

eslial 12| GDB 2017 (gl IHME coliucs S

1 Ble 5 Il -

(5 ol oo VLI cn ) dasms 5l ccblas> ylojlw
Sl Sleiiy Yl a vy A ans Lulgl o (EPA)
Guan 1, CAPMS a_Jgl ol b 50 5 Sy, Sl
VA% SL slsa 58 amdlol e sblse ar il
slosgame 4 a>¢5 L.(U.S. EPA, 1999) s 5 5L ¢l
i s ey 538l 4 Yoo ¥ Jls o EPA gl aes
Environmental Benefits) ;b Lol
(Mapping and Analysis Program (BenMAP)
(s B gzl bl ol s a5l s,
b)) g pe S (sogee aFni L g VN0 ojlo olo )
PFeE Do Ay (BenMAP-CE) (s jlanzs Lo
b adse oK)

b yo 55 j0 0laxs 051y cg> BenMAP-CE 5810 5
258 BBl g 09750 Cumdg Gnle PM, S clile ol ss
PP omb 4 cl by e YIF pugim?® Jloa sl Gaa) s
S92 g0 Dye09S dslllas TV olad )0 ou s cvalin clale
sloolawl b asis Jobow yo gl Jlass 900 (GEMM o
e yo 61285 )13 ooliinl 5590 of IS g0 (55lwarns
1330 coyo Jg> Jeie polic BenMAP-CE (5, &
1,0 50 s] Comdy o onds el s sl gllas  Sylan
ol 592 Glie g 9 00,5 QLN ol g0
Gl B v e 095 o Al ool Ol olas
Pl polis 51 S5 5 590 Oliee @398 W5 sln g5 oge
S VIO S ilie pyolie @S Joko 1o (6l el 00
6yt lamebol alols L5 sa s el a5 ol AVIO Sao
Glilaie cloati oss all el ol b bl mls
Bblis sl 55 PM, | el als 5l 56 0 95, s

el od.n—‘ Cwdds U‘)'e’) GBEYY

%ﬁ yﬂy
VPAA Jusly /oo o)l /s jlgs oj9s 8
N -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6274-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-07 ]

ol)Kea g il Lo,

1942
¥ .
ANEAS
AT
YA S
WY .
FUEFS
FEEF .
LR IFLE]
ariEd.
b |
Y
LTS
THET .
TAEES
TS .
VRN A
VLY -
<Al 2

Wil s

Tehran - 1397

oY,
a.x¥iL

-
L
Tl

-0
- 5]
- T
- ¥
=N
VAT
v
L5 )
LY
¥y
Y
ol
o
ol
i
LAY
AL
TN
AL

WAV Jlo 5 (55 el Comozr )2 =Y 390

N

A

Tehran - 1396

Regions ® tortorng Stors
& moillorng Stators I Rezlons.

PM25 (ugim3) PM25 (ugim3)

100 wezen 100 wezen

I 7410 [ 7o

o2 -

B s W oo

R 10 5 0 10 Kilometers P 10 5 [} 10 Kilometers

| T Date BB B N | T

WAV 51FA5 o Jlo sl ol o6 Slomo a5 Johao FFA 40 PV, il (5uSila —Y JSC

>z

Dare:

Jokw YE4 5 :s.SPI\/IZ5 S o Ske o5 ¥ S j0
S5l YAV 5 V¥4 slo L (sl olygs bl a5t

el 0050 ,5 &S] ol

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

VY


https://journals.tums.ac.ir/ijhe/article-1-6274-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-07 ]

e g Blao O3 1,51 3,491

(FF)IFAY Jlo 5 90 CopinS ]y 8 s (5 Uoolitams ] o 5319y leMbl ¥ Jgur

ol osls sluws e OB ol SUl K _
03l 3429 Lo 53 3 3 oKl fls o yleds
du s (ng/m”) (ng/m™)
a5 INEA VY- Y4/ Sg \
As Vot VVY Y./ S8 Y
M AOYY VE/- Y£IA Ol sl ¥
10 AYYE \£10 YY/§ i A
10 AYYS YAIY YEIV sLists 0
AD YEIY VYO \RVi2 S 5
) YaaA /4 Va8 e 3| \
AY \ARAS VOIY YAV Siom A
v AOFS A YAy e q
v AVAY U0 \VIY Y adlas ye
00 FAYA V-/q YEIY Vo ailate V)
A Y-V V-/q YA Viaiks VY
v AMOA VEID YA/Y Y aideie VY
#q 2% VY VY V4 ailate VF
AA yyYy VEIY Y&/ YY ailets VO
Al SOV V0/4 \TAf PR \F
AS Yovs Vel Va/4 3 srns VY
AA YV VE/F YVIY e YA
A £AV-. VEIA Yol - Ve
AF YOFs VO Yy oK oles Sl

el &yle Jalse 51 G j0 5 e olass FFVA g9 oo
AYA-£- V) YV« JHD 5l 5,9 (FYF--Y-0V) Y120 ¢
YYF LRI 515,50 (OFA-YYA) FAY (6 53n0 S 51 0,90
319,5— (YFA-YAY) YV g COPD ;15,5 (YYO-Y¥+)
SOl & e oo § S ye do s Dl (F Jsa) LC
el 00l pp 3 ¥ logad 5o el 99290 GEMM s,
VOIF Jole o i 4 \WAY g VY2 sl Jlws o PMz.s

Yvi

092995 30 9 S p0 -
Oty 9 PM, ¢ a5k talS (690 5l (bl
5 5o (ABAY-£,0YF) VLYVY olass /¥ pg/m’ e Lile 4,
Soslla plgi oo ,ATA2 Jlws jo VLS )50 50 05095
VYAV s slys 351 cstl 91 e 3 PM | s
550 VY sline & ol €5, YOF-0,2VA) £,FVA b ol il

N U I B T S N B D S SN

ggjﬁg yﬂy
1A Sy /ogow 0 jlosis /a3 jlgs 095
¢ o

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6274-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-07 ]

OS2 g by Lo,

ST a3 o5l 4 e 50 9131 (sl9m P 4y conmiiio (Jluw YO 31 135 35) JlsS 32 31,81 5 yo 3 g0 Slansi —F Jgur

WAV 51145 bl b F o cde

\Yayv A Jl
4v/0 Suwo Yo Sds L g 4V/0 S Yo Sao L e Secde
AVA [ YY - Vo fF AT NA Stroke
YYo A YYY Yy YYA YvY COPD
YYY. AIRIAN AR FAN Yev'y YEYA AATARS IHD
OFA YYA ) 7Y Yy OfY LRI
Yea Yy\Y Y¥vy YA YfY YAY LC
IR FEAA fa4r 7YY O+ AP N4 5-COD
ZYOY 0aYA YA \Aidd ZAYY YYVY NCD+LRI
. O == HD
; == Stroke
3 ARy NCD+LRI
)
H \\’} Jl“ fL“"
] 2 ’
.
“ % A
E Pe—
2 YA
%
.. T T T T T T T T T T T 1

YauyYs Yruy. yvaure Fruf. Yauroe ofts. o0dlss FFLEF. £ALFO YFUV. valvo 44UA.

(-;.vvalﬁb‘)

\vay JL»JO‘J.QJ')OJ)AJ.LG‘?ﬁ}‘sﬂ.’iﬁuW,e‘?‘;QQTQM#BJ)&M)OQ‘M-Y)‘09.03

Cosl @) Ces ) e Jlo OV V,ADV-AFLAVE) )+ F,50)

(O J9~\>)
izl BB e 5 Sy o lge olass £ 55 SIS a5 ¥ IS
A ( :.\..’.».)Q)oﬁjj)ﬁ&)lyb‘dﬁ)

5 S o olaws e o las lyes o VAR Loy PNIZ5
S o e S8 4 VLS )5 e 0 PM L a ceitis e

el o0 @l

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

Yvo

(FYFAY SI2FVA) s 0 YY/0 o (FYYY - SIYYYY) oo )0
3 FE88 jeba Sl (VLS 5 s 59 soe 9 S e U5
JHD I b e 5 S p0 IS 5l as o YAA AYAY
YY\ (CCOPD 5l ao,0 Yo 15 (g no 4S5l 0o ,0 VOIY
@ ciin LRI slo8 o 5l as,0 $F/F g LC 5los)o
zlye e a4 o0 a4 saiten 105 of3T (slse PM
VA% sl o 1o ol 5o olT slee PM L L o ol
5 (YA Y-02,FY0) V18,5 ¥ ol o5 4 VYAV


https://journals.tums.ac.ir/ijhe/article-1-6274-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-07 ]

e g Blao O3 1,51 3,491

AVAY Jlo Gl ol 30 o SoS 49 PM, ¢ 4 comito YLL (paess -0 Jour

IHME _Su} 4 ool 3 GEMM o g 5 o bl

PMys & e YLL sl FYLL L e Sass S
. 2 s .. PM; Je = 62
S o T kb (ol )
Y.FV0 (YAVO-Y, YA) YAYOF  OF/F  FA (F--0F) vy YaLYa
LY SO AR AARS) A fa/Y  AY (PA-R0) avy Yoy
0,VAA (£.YYY-7,-¥+) OY,\FY /A VY7 (A7-1YY) V80 Yauyo
BAEY (F.YAV-F,: - T) FYASE FIY AR (1Y-1F9) 1o ) FELY -
ZAPE (O,Y-Y-Y,AY5) OVYYY YO/ YAY (\2YV-YYO) \,f¥7 faufo
Y70 (VLYAY-Y - AAP) ZY.YYA Yo/ VY (YOY-YOYT) Y,-494 INHAR
1Y,-4F (1o, F5OVF055) A~ VY YEIE FOA (FAV-OYT) ¥, oy 5ALA
AR (- AAACYB,TEA) AVANY XYY BT (FAY-$4-) Y.a¥a FELS -
YV,OFF (V- yay-1Y,049) AFY-Y VAN 2aY (OYD-A-Y) ¥f,27Y FaLs0
V-, Y0F (AYA0-1Y,44Y) Y-, faf VEIY YAV (0AYF-AYP) f,a74 Yy
AYNZ (P AAY-2Y ) H4,¥vAa VeIN YEY (PYDH-AD) O,fAY Yacvo
18,-¥) (VY. FO¥-1V,51 ) NFFY FID YR (OLANFYY) VV.AF- 24A-
VoESOY ASAMVESITIABY)  YAVERE - EFIA OFVEVFAY) FY AT ti’:“
Tehran - 1397 A Tehran - 1396 ﬂ

f—
Deaths/100,000 Pop
[ RN
.o
| K
T e
s
.

i Kismoters

D &2:2019

T Regims
Deaths/100,000 Pop
W s
R
| B
Tm a0
B eros
. o

IFAY g IYAP sl Jlo 6l ol 30 PM, 4 comition (Cmozr Yoo peee 10 30) yuo 9 S po &5 Y JSC&

%ﬁ yﬂy
VPAA Jusly /oo o)l /s jlgs oj9s 8
N -

va Ol buzo Cuiblags ale ozl g jy ole solibiad

ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6274-fa.html

IWAY Jlo )0 ol @bl 3o F o cde SO @ (YS9 oo y0 PM, A Conidd g0 § S g0 Slaxi —F Jgus

J

%rwx@h (AV/0 5 Y/0 Sdo Slabl alols) O cde S5 4 PMa s 4 ot S 5 5050 3l ,
Sagzz 00000 Ol Sxo 3l oo Soleny (Sl ok s 3L e S A ol S| Je e
OY (YA-00) WO VW OY-V) Y& (Y--Y) Y4 (¥--YY) V2O (VOR-Y\PA) YV (Y-0-YYY) FYYY .7 \
Y- (#0-Y¥) Va4 (\P-Y ) YO (VA-YQ) YA (Ya-¥Y) OA (f7-77) YEY (YYF-YF9) Ay (FOY-0VF) FAAYQ - Y
Y& (Ve-A+) Ve (A-Ve) V'Y (A-VF) Y4 (VO-YY) Y. (YY-YY) \YY OYA-YYO) YEY (YYA-YF) YYOYYY Y
Y. (£5-YY) Yf (Y--Y%) ¥y (YY-Y%) fA (YV-0Y) YY (OY-AY) YA (YAV-YV0) AN (OVY-£O) AA- 0 i
Y& (Ve-A+) Yf (Y\-Y%) YY (YF-YV) fA (YV-0Y) YO (0A-AF) Yy (¥ -TA) £YA (OAV-75Y) AY - 00A b
AY (YO-AD) Y (#-N) Ve (V-VY)) VO (VY-VF) YY (VA-YF) ¥ 1--4%) V4. (\VO-149) YYEYYo 4
Y (FY-Y.) A=Y 'Y A-VF) YA (VF-Y4) YA (YY-YY) W& ONY-VA) YYO (YVV-YYY) Yoy-v) \s
YY (YY-AY) AAGETARD) VO (VY-VA) Y¥ (VA-Y?) Y& (YA-FY) VOV (YFO-VOY) Y0 (YAV-YY.) YAffTA A
Y (PY-Y+) 7 (0b-%) A (F-9) VY (A-YY) Y4 (VO-YY) YY (VV-YO) VO (\YA-\0A) YYF-0) a
A+ (YE-AY) Ve (A-YY) WO -V0) 14 (1O-YY) Y (YE-Y0) AYO (OYV-VYA) YOO (YYO-YFA) TAAYYY )
#0 F-FA) q (V-1-) VY (A-YY) VWY (OIY-Y) YV (VV-¥Y) Y (VA=Y D) YYY (Y)--YY9) TOVANY 1Y
YY (PY-Y#) Y (#-Y) aV-\Vy) VF (VYV-V0) YV (OV-YY) AN (AD-2+) VYA (VPO-VAY) YYZAOA V'Y
YY (FA-YY) Y (#-N) Ve (V=VY)) VO (VY-V9) YY (VA-YF) f AV-4%) Y4 (VYY-Y-)) Yool 'Y
YY (FA-YY) VO (\Y-VF) Y4 (VF-YY) Y4 (YY-YY) 7 (YP-0Y) VAP (\Va-14-) YYA (YFa-yay) OVONPY \h¢
Y& (Ve-A+) YW (V0-\9) YY (\V-Y5) Yo (YV-Y9) oY (FyY-£+) YYY (YVO-YYA) ffa (FIF-FyY) bay-fo VO
A (AY-4Y) Y (#-N) (V-1Y) VO (VY-V9) YY (\V-Y0) Y (A-40) YAY (\YY-V49) Yy-vya \#
Y\ (FF-Y0) 4 (V-9) (AT VWY (P-19) YV (YV-¥)) VoA (Ve E1Y ) YY. (YoY-YYY) TA- VA VY
4. (AY-9F) VE(1Y-19) Y4 (VF-YY) YV (Y)-Y) £5 (V5-0Y) YA (1YY-1AY) TV (PEY-YAQ) fiYa. s YA
Y (OA-55) A (V-3) Ve (YY) V0 (1Y) YO (V4-YA) Voo (35-14Y) Yor (VAA-TYVE) YRS 14
YY (FY-V#) Y\ (Ve-Y) V0 (VV-1Y) YY (VYY) TO (YV-F+) VEY (VYF-1 FF) YAA (YF5-Y-Y) TAFYYF Y.
FA (FY-YY) 7 (O-F) A (F-2) VY (A-VY) V4 (VO-YY) YE (VV-YF) VOY (\F--109) YYYOYD Y\
YA (YY-AY) o (f-0) 7 (0-Y) Ve (V=VY) VO (VY-VY) Y (F--FY) \YO (VYO-VYY) Vo6afay Yy
YY (5--A¥) YEY (YAY-YF9) TYF (YF-YVD) FAV(FYA-OFA) YV« (5+\-AYA) FASO (Y- OY-YYF:) SFIA (OFVS-VFAY) AAAQAFD SEYY 5blis ples g ares

Ole

U&o&g

(o]

[ 20-20-920z uo 1rrJe'swnyseulnol wouj papeojumoq |

\'a%

ijhe.tums.ac.ir

éfg yﬂy
: 1A il /gen 0jlosds /o jlg> 693

'

-


https://journals.tums.ac.ir/ijhe/article-1-6274-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-07 ]

‘L}""j) 99 )3&3‘5 d_..u)LGLo o el 00 ool YYD
oyt o Jlo T (YL i sl Szl LB oS 5o
sGEMM g, 51 - pgm® s Sogl clale ials
3l (FLAYY-Y,YFY) £,040 ,l,, BenMAP-CE alwga
(0,708-Y,AY0) £,YY0 plp AIrQ+ alewsa g IER 3,
049 98 o0 —VF S8 S| e s (ol 0 550
SO L Comoz dgzlge s ;0 Slalllas oy oo g,
wlye (2,8 Sypot Clélig o )b s jolaieds g
el 039y e ool (Sl o b g Cumex S
Looai 230550 PM, o cdale 4 wloxe o3 sla Jw o
clale ‘L}“’L‘“" L)"‘ » (Vo) Conl o ).:Jﬁ.o.x.a N e
adllas ol )0 4 S Comez gjei b oad a0y59 PM,
ol 4L YT o PM, ( cdale 5wl o solin il
51l oo auloes VYAV Jow o YEIY pgim?® 4l g
Sl (oS ol 5 Gl o] VA o acdale (Sl
Ao ,0 ¥ 050) Comex bodd 23055 (Sl 4 S0
b o 50 aliie Slalllas oyl ol el s (Coglas
sloosls . Sile Lol aS lgn Sogll & cwitin (5 )low
b oo 230539 b 45 9) ()05 Gl slaolKins| clale

5 il salss glie mls Yzt 03,8 oo plosl (Copmor
JrS a8 50 b sbeeli] colis loile (gime 42
28l gl ] (S35 L Capnaz agzlan o 3l i CapS

e oon S 1o el Lo 4y
el o candllas oyl yo sa ploul il il s 6T,
@ i (Sl sladaly el S e 5 s len Jle
Wig o Jold 1) (oxommsg ciclo cpae Do )3l (Sl
Shlws 5 ,L (YY) o, g Brandt « JLielgica

oy 0385 30 el 850 50 I Sogll a4y i
Gl ooz aid 8 a5 o ol allae Slwlbre jo a5 Wiles S
asle YLLS 5 j0 0auiS d  blags Ol S pooen (YF)
sl o oS Lin )5 008 ollg » o aga

YVA

e g Blao O3 1,51 3,491

239 9 Sooll clale (e g5 5 oolinl L aslllas ol o
PM, (L e iy agzlse 30 caidly agalye Conon SIS
FE3S Sygon O b ) sages Sdls  ol3T sloe
(§ e g9 Sl 4 a0 591 i Slallas )
0 5 S 0 IS oo, 0 VYO L #Y e g0 VYAV Ll o
J 3 orlicl 658ty BB arme Jole (nl 4 Loy
Soglcbale o o VA zals sals AYAY Jlo jo 45 el
A7 JalS 4y e a5 wlesgy VTP Jlo 4 co SPM

oS 30 ¢ Jl ol bl oo Sogll ol 4 ciin Sye
2 NS 550 Slegoge 5l (g i 4 0L ooyl (]

Dged d> g e co 4l dclol )5 A LS
(Rl sl sy 9 o9 s & bl Colas (o) vz
Y/F pugm® Joslas 4 lacdale | ol ialS oo lw
L zls @glas gliculay .cul oads 423 )3 1las o Lo ylgica
b il )b sl oolainl 4y Cond Al O s slog )5 Slucs|
2 G 53U ol b yially 5l o (JLS 5
Sy ble Byl as o ¥l S bl g cilad s
6‘;’ uu).lwo)o S als 0 6[&05;&& L ool u.»ﬁ;
Sl ol as,o Ve B Lo s g S o Sde aws LS
s sl Gl - Ag e @l g 15 3550 Cale Jlao (Baa
Al el (Sl sl ol slsa PM, S L aglye oy
S50 pgim?) cotlagy Glez olejles S9iny o> 5l e
..\.so)SMLzAIER u"j))‘ oél&...m‘l.v\" \VOLY.# JL»J
(aSoged dewle (F,4+--Y,¥94) Y,V00 || PMz5 A
=0, A) £,5VA slaws Sl —sl> adlhs guls a5 Jb> o
sbw GEMM &b 51 T j0 a5 cul S j0 5,50 (£,VOY
cdale gl V¥ pgim? Ly 5,0 o bile | 8la> o IER
5 JLw YO) £, e o e v v aibbagaloe Cume ¢ ) o pg/m’
Jlo o (Ve S ) BV ey e e o \WWAY Lo o (s

ggg yﬂy
VPAA Jusly /oo o)l /s jlgs oj9s 8
N -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6274-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-07 ]

OS2 g by Lo,

sl el 53 bl

O ol
slasl e ool €8y pas Jolis DS S als Bai sy
Cole,y dlie ol o) (g3lawosls g aosls cay o8 ca il g0

.dd‘ea;

S10ya8 g S

Gl (e bl sy Ol b s 5l i allie )
i Codhs @Lm 5 & grlamo o PM25 cdale
Jlo (65550 ahatie 10 a8 sl " () 105 o 160,90 axlllan)
5 Ol olfasls (8 oS iily Gy jlaize 0aSiils Y YAA
ol plwl ()15 et s yaelp g Slalllas 55 50 colex
JysS eS8 i b, 5 5 ol pawe 5lasl ble B acg g .o
Lol ;o osls &Il sl ()45 (5o e 9o oS
Sl a4 bl By izmen anles glo )08
o8 _ils ol «Sd U 150 9 J3S g 1S LB
J 750 g mmls Julod po (ol en ;LB Gl 3k
wwastie OYL! Cas jlae 1 cblas lojle Wb ,l5 8
2iwd BENMAP-CE o (g5laslel, jo0 S5 blsa

h 1PAA by /g o )laid /s jlgs 09>
. Y 3l

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

Yv4

sladl g (Lol Wlgi oo 45 (a8l S50 (Jgoxo 0509,
NSS4 s 53l elozn] Sloas g 4l

(PV) ol o0 Blod anlllan ) 5,553, 50 Lol jsboa,
s Slhslore glie aallan oyl el alS 4 Lo ]
L oS 550 s s iy sl i sl
Slgiiios b iali3l T o sols 5LsSL sla i,
losls 5 Lasl g5l Joe (97 50 by, 5l o9d o0
30 iz g5 oalai_wl Wosly Segs Caz sloyly 2ale
4 enton Sl 5 D slaosls (2o b Ghagly
s 959151 ol Akkaie YV S y s (slom So9]
Ol 9)lg ailzgy (Slaw e (Ggelrosin Comen S J> 5o
Stz Ol 155 oo S8 Ol (Sogll aerlse o 5 00
Soraz Ol S0 s (Sogll il 5ads o5l
0 9 S 0 slrodls (eizman 558 0 )51l b S L d
5o ek oolawl 1 S 6l 892 g0 DleMbl (glis sl
Sglice Ayl ee g 5o Sl oyl gl Ylazml a5 >
Slallas 51 oolizal b sluel ol sy o olgiiiy 0g) dnly>
g oolainl  LeoST Slewloes ;0 5 angd ol sl alBlas

PM, L agzlse olsl3 30 addlhas ol 5l oaalconsay gl
S o 32B 1y 015 S g oges Dl 3T (sl
P 050 WWAY Jlow jo siladan g5 Ol 4 sy
s ele (nlr bomye e 9 S pe J5 5l o0 NTID Ly
Ul 545l o 30 ) sl (6 Sy BB o
wloog PM, o Fogll clale woys VA als aals A YAY
oo Sogll il cniinn 5047 ol 4y e a S
o905 bld s BenMAP-CE ;51 5l solawl b .ol
Ol 330 9550 s 3o Comaz g cble e 58
Cewdty o1 4 o glaS po s PM, 0 Sogll L agzlse
&S G PM, 5 4 i

S o e 58 el

VF bl 10 wuraz 105 5l Ve e 2 sl d cadiie S e
31 adhaie ;o 9 5VL bl plo 5l Gld o =3 VA


https://journals.tums.ac.ir/ijhe/article-1-6274-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-07 ]

References
1. AQCC. Tehran Annual Air Quality Report, Period

of March 2018- March 2019. Tehran: Tehran Air
Quality Control Company; 2019 [cited 2019 August
15]. Available from: http://air.tehran.ir/portals/0/Re-
portFiles/AirPollution/TehranAirQuality 1397.pdf
(in Persian).

2. Apte JS, Marshall JD, Cohen AJ, Brauer M. Address-

ing global mortality from ambient PM2.5. Environ-
mental Science & Technology. 2015;49(13):8057-
66.

3. Krewski D, Jerrett M, Burnett RT, Ma R, Hughes E,

Shi 'Y, et al. Extended follow-up and spatial analysis
of the American Cancer Society study linking par-
ticulate air pollution and mortality. Research Reports
Health Effects Institute. 2009;140:5-114.

4. Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya

K, Adair-Rohani H, et al. A comparative risk as-
sessment of burden of disease and injury attribut-
able to 67 risk factors and risk factor clusters in 21
regions, 1990-2010: a systematic analysis for the
Global Burden of Disease Study 2010. The Lancet.
2012;380(9859):2224-60.

5. Mehta S, Shin H, Burnett R, North T, Cohen AJ.

Ambient particulate air pollution and acute lower re-
spiratory infections: a systematic review and impli-
cations for estimating the global burden of disease.
Air Quality, Atmosphere & Health. 2013;6(1):69-83.

6. Pope CA 3rd, Burnett RT, Turner MC, Cohen A,

Krewski D, Jerrett M, et al. Lung cancer and cardio-
vascular disease mortality associated with ambient
air pollution and cigarette smoke: shape of the expo-
sure-response relationships. Environmental Health
Perspectives. 2011;119(11):1616-21.

7. Pope CA 3rd, Burnett RT, Krewski D, Jerrett M,

Shi Y, Calle EE, et al. Cardiovascular mortality and
exposure to airborne fine particulate matter and cig-
arette smoke: shape of the exposure-response rela-
tionship. Circulation. 2009;120(11):941-48.

8. USEPA. Regulatory impact analysis for the final re-

visions to the national ambient air quality standards
for particulate matter. Washington DC: United States
Environmental Protection Agency; 2012.

9. Shamsipour M, Hassanvand MS, Gohari K, Yune-

sian M, Fotouhi A, Naddafi K, et al. National and

YA

e g Blao O3 1,51 3,491

sub-national exposure to ambient fine particulate
matter (PM2.5) and its attributable burden of disease
in Iran from 1990 to 2016. Environmental Pollution.
2019;255:113173.

10. Burnett R, Chen H, Szyszkowicz M, Fann N, Hub-
bell B, Pope CA, et al. Global estimates of mortality
associated with long-term exposure to outdoor fine
particulate matter. Proceedings of the National Acad-
emy of Sciences. 2018;115(38):9592.

11. Cohen AJ, Brauer M, Burnett R, Anderson HR,
Frostad J, Estep K, et al. Estimates and 25-year
trends of the global burden of disease attributable to
ambient air pollution: an analysis of data from the
Global Burden of Diseases Study 2015. The Lancet.
2017;389(10082):1907-18.

12. Burnett Richard T, Pope CA, Ezzati M, Olives C,
Lim Stephen S, Mehta S, et al. An Integrated Risk
Function for Estimating the Global Burden of Dis-
ease Attributable to Ambient Fine Particulate Mat-
ter Exposure. Environmental Health Perspectives.
2014;122(4):397-403.

13. GBD 2015 Risk Factors Collaborators. Global,
regional, and national comparative risk assessment
of 79 behavioural, environmental and occupational,
and metabolic risks or clusters of risks, 1990-2015: a
systematic analysis for the Global Burden of Disease
Study 2015. The Lancet. 2016;388(10053):1659-
724.

14. Faridi S, Shamsipour M, Krzyzanowski M, Kiinzli
N, Amini H, Azimi F, et al. Long-term trends and
health impact of PM2.5 and O3 in Tehran, Iran, 2006—
2015. Environment International. 2018;114:37-49.

15. Health Effects Institute. State of Global Air 2019.
Boston, Massachusetts: Health Effects Institute;
20109.

16. Anenberg SC, Belova A, Brandt J, Fann N, Greco
S, Guttikunda S, et al. Survey of ambient air pol-
lution health risk assessment tools. Risk Analysis.
2016;36(9):1718-36.

17. WHO. AirQ+: Software Tool for Health Risk As-
sessment of Air Pollution. Geneva: World Health Or-
ganization; 2018.

18. Bahrami Asl F, Leili M, Vaziri Y, Salahshour Arian
S, Cristaldi A, Oliveri Conti G, et al. Health impacts
quantification of ambient air pollutants using AirQ

ggg yﬂy
VPAA Jusly /oo o)l /s jlgs oj9s 8
N -

Ol buzo Cublsgy pale ozl g s ol soliliad
ijhe.tums.ac.ir


https://journals.tums.ac.ir/ijhe/article-1-6274-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-07 ]

OS2 g by Lo,

model approach in Hamadan, Iran. Environmental
Research. 2018;161:114-21.

19. Khaniabadi YO, Sicard P, Takdastan A, Hopke PK,
Taiwo AM, Khaniabadi FO, et al. Mortality and mor-
bidity due to ambient air pollution in Iran. Clinical
Epidemiology and Global Health. 2019;7(2):222-27.

20. Miri M, Alahabadi A, Ehrampush MH, Rad A,
Lotfi MH, Sheikhha MH, et al. Mortality and mor-
bidity due to exposure to ambient particulate mat-
ter. Ecotoxicology and Environmental Safety.
2018;165:307-13.

21. Miri M, Derakhshan Z, Allahabadi A, Ahmadi E,
Oliveri Conti G, Ferrante M, et al. Mortality and
morbidity due to exposure to outdoor air pollution
in Mashhad metropolis, Iran. The AirQ model ap-
proach. Environmental Research. 2016;151:451-57.

22. Karimi A, Shirmardi M, Hadei M, Birgani YT,
Neisi A, Takdastan A, et al. Concentrations and
health effects of short- and long-term exposure to
PM2.5, NO2, and O3 in ambient air of Ahvaz city,
Iran (2014-2017). Ecotoxicology and Environmen-
tal Safety. 2019;180:542-48.

23. Khaniabadi YO, Polosa R, Chuturkova RZ, Dary-
anoosh M, Goudarzi G, Borgini A, et al. Human
health risk assessment due to ambient PM10 and
SO2 by an air quality modeling technique. Process
Safety and Environmental Protection. 2017;111:346-
54.

24. Hadei M and H Philip K and Hashemi Nazari,
Seyed Saeed and Yarahmadi, Maryam and Shahsa-
vani, Abbas and Alipour, Mohammad Reza. Estima-
tion of Mortality and Hospital Admissions Attributed
to Criteria Air Pollutants in Tehran Metropolis, Iran
(2013-2016). Aerosol and Air Quality Research.
2017;17(10):2474-81.

25. Heger M, Sarraf M. Air pollution in Tehran: Health
costs, sources, and policies. Washington DC: World
Bank Group; 2018.

26. Naddafi K, Hassanvand MS, Yunesian M, Mo-
meniha F, Nabizadeh R, Faridi S, et al. Health impact
assessment of air pollution in megacity of Tehran,
Iran. Iranian Journal of Environmental Health Sci-
ence and Engineering. 2012;9(1):28.

27. Yarahmadi M, Hadei M, Nazari SSH, Conti GO,
Alipour MR, Ferrante M, et al. Mortality assess-

h 1PAA by /g o )laid /s jlgs 09>
. Y 3l

Uil bazo Cublsgy pale gazsl Ldudg fy ale solilad
ijhe.tums.ac.ir

YA\

ment attributed to long-term exposure to fine par-
ticles in ambient air of the megacity of Tehran, Iran.
Environmental Science and Pollution Research.
2018;25(14):14254-62.

28. Statistical Center of Iran. National Population and
Housing Census in 2016. Tehran: Statistical Centre
of Iran (SCI); 2017 (in Persian).

29. van Zoest VM, Stein A, Hoek G. Outlier Detection
in Urban Air Quality Sensor Networks. Water, Air, &
Soil Pollution. 2018;229(4):111.

30. Global Burden of Disease Collaborative Network.
Global Burden of Disease Study 2017 (GBD 2017)
Results. Seattle, United States: Institute for Health
Metrics and Evaluation (IHME); 2019.

31. Global Burden of Disease Collaborative Network.
Global Burden of Disease Study 2017 (GBD 2017)
Population Estimates 1950-2017. Seattle, United
States: Institute for Health Metrics and Evaluation
(IHME); 2018.

32. Huang J, Pan X, Guo X, Li G. Health impact of
China’s Air Pollution Prevention and Control Action
Plan: an analysis of national air quality monitoring
and mortality data. The Lancet Planetary Health.
2018;2(7):e313-23.

33. AQCC. Tehran Annual Air Quality Report, period
of March 2017- March 2018. Tehran: Tehran Air
Quality Control Company; 2018 [cited 2019 August
15]. Available from: http://air.tehran.ir/portals/0/Re-
portFiles/AirPollution/TehranAirQuality 1396.pdf

34. Air Quality Control Company. Pollution concen-
tration archive. Tehran: Air Quality Control Compa-
ny; 2018 [cited 2019 Jul 25]. Available from: http://
airnow.tehran.ir/home/DataArchive.aspx.

35. Bayat R, Ashrafi K, Shafiepour Motlagh M, Has-
sanvand MS, Daroudi R, Fink G, et al. Health impact
and related cost of ambient air pollution in Tehran.
Environmental Research. 2019;176:108547.

36. Brandt SJ, Perez L, Kunzli N, Lurmann F, McCon-
nell R. Costs of childhood asthma due to traffic-re-
lated pollution in two California communities. Euro-
pean Respiratory Journal. 2012;40(2):363-70.

37. Matus K, Nam K-M, Selin NE, Lamsal LN,
Reilly JM, Paltsev S. Health damages from air pol-
Iution in China. Global Environmental Change.
2012;22(1):55-66.


https://journals.tums.ac.ir/ijhe/article-1-6274-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-07-07 ]

ety

)

N7

i,
" of Envi nror\“‘e

&

ewell gy
eﬂu LII

&
.s,;//
(IO

Available online: http://ijhe.tums.ac.ir

Iran. J. Health & Environ., 2019, Vol. 12, No. 3

HERLTH AND ENVIRONMENT

Original Article

Estimation of Tehran's particulate matter 2.5 micrometers or less in diameter
(PM, ) health effects, using BenMAP-CE

R Bayat!, Kh Ashrafi"-", M Shafiepour Motlagh', MS Hassanvand?, R Daroudi?

1- Department of Environmental Engineering, School of Environment, College of Engineering, University of Tehran, Tehran, Iran

2- Center for Air Pollution Research, Institute for Environmental Research, Tehran University of Medical Sciences, Tehran, Iran

3- Health Management and Economics Department, School of Public Health, Tehran University of Medical Sciences, Tehran, Iran

ARTICLE INFORMATION:

ABSTRACT

Received: 10 July 2019
Revised: 2 October 2019
Accepted: 6 October 2019
Published: 21 December 2019

Keywords: Air pollution, Par-
ticulate matter, Health impacts,
Tehran

*Corresponding Author:
khashrafi@ut.ac.ir

Background and Objective: Despite the significant improve in air quality
in Tehran in 2018 and reducing the average concentration of most pollutants,
compared to previous years, air quality is still far from the WHO air quality
guideline level and national air quality standards. The purpose of this study
was to estimate the effects of air pollution on health in Tehran by considering
the spatial distribution of particulate matter 2.5 micrometers or less in diameter
(PM, ;) and population in determining exposure levels.

Materials and Methods: In this study, while introducing the GEMM
concentration-response function and BenMAP-CE software, the mortality
attributed to PM,  in Tehran and its distribution for 2017 and 2018 was calculated.
Hourly PM, , from monitoring stations used to estimate the mean PM, ; for 349
Tehran neighborhoods.

Results: The results showed that the average population weighted PM,
concentrations in Tehran in 2017 and 2018 was estimated to be 31.8 and 26.2
pug/m?® respectively. Using the GEMM function, about 7,377 (95% CI: 6,126-
8,581) total mortality attributed to PM, . was estimated in adults in 2017 (> 25
years) and the figure for 2018 was estimated as 6,418 (95% CI: 5,918-6,753).
Conclusion: The spatial distribution of deaths attributable to PM, , showed
that the total mortality rate per 100000 in the districts 16 and 18 of the Tehran
municipality were higher than other districts and the lowest rate observed in the
district 1.

Please cite this article as: Bayat R, Ashrafi Kh, Shafiepour Motlagh M, Hassanvand MS, Daroudi R. Estimation of Tehran's particulate matter 2.5
micrometers or less in diameter (PM, ) health effects, using BenMAP-CE. Iranian Journal of Health and Environment. 2019;12(3):365-82.
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