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t, I t, 

2538 - 2539 f]'e) 1*bn ~nr.i nnJ.Jri'a~;<1,nn mJ1t:n'JJ.Ji~ijtfhnrut11'W'l"l1'Vl'W~bYh-l~lJil1nLb~~~~ C-J~ 
I I t, I 

m~'Ylu ~'a~~ u 'J !?l~'aJ.J ~'a mJ.J1 rue.l'W~ ~'a'a~vi ~~~'W9'W'f1~1 'W:t~vi'uvi b'Li'WUruV11 bb~ ~~~ C-J ~ m~'Ylu ~'a 
q 'lJ 41 Q,I 

flU'a'4111flJ.J~~1:i' (Particulate matte; PM) t~m'U'l"l1~°ll'W1!?lb~nn~1 1 O lJ.Jfl:i''a'W (PM 10) l'W 

U:i':i't.11 n1 Pin fl'J1J.JiJ.J'W'WfiflU'e) l?l:i'1n1:i'l?l1tl f1'a'Wb'J~1'e1'Wfl'J:i' (premature mortality) bb~t ri'fl 1* bn (?) 

I S, I 

mn9UU'Jt1~1~7b~J.J;'W b61!'W 'Vl'aUii!?l n1noif1fon11¾'m11l?1'Jl'WL:i'~'l"lt11u1~bb~~n1noif1fm11vi 

~'a~'Qnb~'Wb~mnuhfl:t~uu1X'J1r.iu~~'Vl~'a!?lb~'a!?l bb~~hfl'Yl1~1~uuV11t11r.i l?l~'a~r.i'Wmn1:tt'W7 

b61!'W Vf~'e)(?)~~'e)m~rn;;lt1u'l"li'W bb~~'Vl11*~J.J:i':i'rlJ71'1"ltl'a!?l~!?l~~ (U. S. EPA, 1996) 

nr~ b'Yl'l"lJ.JV11'Wfl:i' ijmJ.J1ru'a'4Jl1 flJ.J~~1 :i' 1n~ b~tl~Vl1'fl~~n~1 l 'W'Yl~tl'a bJ.J1'n1 b'Vl'W'a bb~~bi'.l'a~ ~1~1 

1'W'Yl~tlt1htl 
' 

t, t, I 

bb~~1r.i~nn11~m.11V1~1tl~'W1'Wtl:t~b'YlA~1~7bmhwvibb~!?l~n~C-J~n:t~'YlU°ll'a~~'W 
., 

~~'a'a~°ll'W1 !?I b~n(PM 10) bb~ n11ih C-J~ n11~m11i!'WJ.J11-ifl'Wtl:t~b'Yl Al 'Ylt1'a1r.itT~t~ b'VIJ.J1~~J.Ji!n 

b tl'e)~91 n « n1.1ru~n1 :ti J.J er~ flU'a'W/11 flJ.J ~ ~1 :i'°ll'a~tl:t~"ll1".ll'W 1 'WnN b 'Yl'l"lJ.J'Vl1'Wfl:i' nu 1 'Wtl:t~b 'Yl A'Yl1~ 
' ' 

It, t,, I I I !,, I l 

~muvil?1~'fltj1'Wu1'b'Jru~'Wvii'J1tl ~'J'W~milvi 6 - 8 l?1~'atju1'b'Jru1J.Jri'W'W ~~ri1 PM 10 b'U~tl 24 

J'Jtm ~~n~1l'WU1'b'Jru~'W~v1''Jltlbb~~nr11~~n~1J.J11?l:t'&i1'Wl'W61!'J~tl 'l"l.A. 2539 - 2540 bb~l'W°l1'J~ 
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t, I 

vl~'W'W9~ij fl'J1J.J bU'Wltl1~vi:t~vlU'a'WJ71 flJ.J~~1:i' l 'W 
' ,, 

nNb'Yl'l"lJ.JVl1'Wfl:i':i'~vlU'WtJ~~1J.J1:i'rlnc.J~n:i'~'YlU~'e)~°lJJ71'1"ll~ 
' ' 



r;i11a1-:ivl 1 r11btu~t1"ll'el'1 PM 10 (V1tl'lt1 µg/m
3

) "ll'el'1~mu~1'111-wn,'1b'VlY'l:J-JVl1'Wrl1L'WU 

Y'I.Pl. 2539-2544 

zj'el~n1u1tl w.fll. 2539 2540 2541 2542 2543 

1. J'1:J-J~1bl.Vl'1 93.5 70.2 59.6 53.3 51.9 

' 
2. ~'W'1.n1nr1V1~"ll:J-J"ll'Wfl~'el'1~'W 

q 
75.2 65.6 60.7 57.6 51.4 

3. ~u1:J-Jrh.-:i-1n1nr1V1~"ll:J-J"llu1X'lt1"1J')1'1 116.7 96.1 77.0 73.0 66.6 
' L -=:I .c::1~ 4 . N b m-w 'W 'W 'Vl n 'Vl m 117.9 82.8 65.8 64.0 56.6 

5. LN~tl'W~'1VIJ'1"ll~'Vlt.11fl:J-J 117.5 89.8 71.1 60.8 55.6 

6. ~mumt1~vhci'eltlfi'WU1 130.7 96.3 87.2 84.0 83.7 
' 

7. ~mil~1J''l'"l'Wr1m1~ L"llr1"nt14 140.0 123.0 82.8 75.2 70.0~ 

8. bfl'Vl~"ll:J-J"ll'W~'Wbl.!?1'1 q 197.1 138.4 105.3 82.1 72.5 

2544 

36.0 

36.9 

47.6 

41.0 

42.9 

53.2 

40.2 

49.3 

'VlfY'lmm~il'elci'elrh'191 n 1?1 L 1XL ~t.1'1Y'l'el :J-J1 (?]m1J'~r.i~~ !?l'el'WJl1 r1:J-J~~1J'1 -wnN b 'VlY'l:J-JVl1'WflJ' 'el1r.ir.i~ ., q q 

Ul'el'1L"n'L1'W'1Ut.h~:J-J1ru~~ bb~~'el199~l~fl:J-J'Vl'W rK~1!'Wfl1J'Amnb~'elt.h~bil'Wn~t:-1m.h~'l:t1"llU"ll'el~fl1J' ., q q 

~1?1'el'4J11r1ii~~1J'9~bu'Wi'el:i.J~~~1r1qi1-wn1J'n1V1'W1?1iJ1[?]J'fl1J'~1'11 rK~1!-w fl1J'AmnL~'el~br1J'1~if 

'l1'el'4Jl1fl:J-J~~1J'vl'lb!?l (PM 10, PM2_5 V11''el Elemental Carbon) I.U'Wvl'l~1r1qi~ilt:-1~m~'VlU~'el 

~"llJl1Y'I 9 ~'W1 LU~ fl1 n1'1 bl.t:-l'W L 'Wfl1 J'fl"JU flilil~Jl1"J ~'elci1~ j'.jtJJ'~~'Vlfi t:-1 ~ bb~ ~t] J'~~'Vl fi Jl1Y'I 
q ., q 

2. b ~'el Ltffou b 'VJ t1u r1"J1 mf :J-J·vfolfa~Vl'J1'1'el'WJ71 fl:J-J ~~ 1 J'fl ui (?]J'1 n 1 J'(?]1 t11 -wn J'~ b 'VlY'I :J-JVl1'WflJ' 1 'W'l!"J'1U q q 

Y'I.P!.2535-2538 flU'l!"J~U Y'I.Pl. 2539-2544 

3. b ~'el'Vl1 fl"J1 iiiiJ-W'WfiJ'~Vl'J 1~ J'~(?JU"lJ'el~'el'WJ71 flil ~ ~1 J'flU'el (?]J'1 fl1 J'U "J ti~') ti L J'flJ'~UUVl1 ti b 9 
q 

I I t,, I 

4. L 'W'elUJ'~ Lil'Wt:-1 ~ nJ'~'Vl U'Vl1~ 1.P!J''l!tlil P11~ (?]f'Vl Ln !?l; m U'el'1r.i1mfiii1 nJ'el'WJl1 fl:J-J ~ ~1 J' 1 'W 
~ q 

nNb'VlY'l:J-JVl1'WflJ' 
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brl'el1J:i':i'rl')(?lr;)U'j'~~-:irf-ih-:i~'W n1:i'~01!1'1flf-:ii1r.i-:i1~'J1-:J:i'ULb1J1Jn1:i'~01!1'1b~tlbb1..l-:JbU'W 
• • 'IJ ,, 

3 m:i'~n1!1'1ci'elt1'9i'-:ii1 
I 0, 

1. n1:i'~01!1'1 Time - Series "ll'el-:J'a(?l:i'101:i'(?11tl ~-:JbU'Wn1:i'~01!1'1n-:Jt-irln:i'~'Vl1J:i'~tl~i'W"ll'el-:J 

'el'WJl1fl:Wrl~1:i'"ll'el-:J fl'W 1'WnN b'Vl~:WVl1'Wfl:i':i'~Vl~1-:J ~. fl .2539-2544 Lbrl~bllitl1Jb'Vltl1J t-lrl • • 
I 0, 0, 

'VIL~91n1:i'~n1!1'11-1!-:iilnu t-lrl 01:i''l bfl'j'1~'lf-il'el~rl:i'~Vl~1-:J ~ A 2535-2538 

2. n1:i'~01!1'1bb1J1J panel study b~'el~01!1'1t-irln:i'~'Vl1Jv1'el'a(?l:i'1U'Jtl"ll'el-:J:i'~1J1JV11tl1r.i1im(9] 

rl~:i'~'911J"ll'el-:Jn1:i'l:wtr~n1J'elt¾m~':i' ~-:Jfl:i''el1Jfl~:Wn-:i PM 10, PM2_5 Lbrl~ Elemental 

Carbon( 'elt¾Jl1 fl~:w1r.i1 n ~ L6llrl) b~tln1':i''l Lfl':i'1~vf-irm.iri~L~r.i1n m:i'~~(?11:Wn1':i' 

~91JU'Jtl"ll'el-:inri:w(?]'J'elci1-:it~mtri~rn'Vln..191'W'J'Wnri:wri~t1'j'~:w1ru 1 oo fl'W Lum1Jri1 1 oo 
q 'U CV q ., 

')'W LLrl ~m :i'lmr~'el'WJl1 fl:W rl ~1 'j'"lJ'e),:j nri:w (?]')'el ci1-:i L VlflTW • • 

4. ~~n1'ii'ialm~1 Time - Series "ll'el-:J'ell?l'ii'1n1'ii'l?l1fJ 

910n1':i''JLfl'j'1~vf-iJ'el:Wrln1':i'(?11tl"ll'el-:JONb'Vl~:WVl1'Wfl:i'1'W'll'J-:J 6 U ~'el ':i'~Vl~1-:J ~.fl. 2539-
"' ' 

I 
1J I .::,l oV .::,l I I a.., 3 , , 

61l1tl rnuri~60 fl1biurim1m'W"ll'el-:J PM 10 :Wfl1L'Vl1n1J 62 µg/m Lbrl~ 1nterquart1le (75%-25% 

, ~ I I Q.,' 3 .<.:::l I I IV 3 I 

percentile) :wmrn1nu 76 bbrl~ 40 µg/m bbrl~:Wfl1~-:J~~L'Vl1n1J 284 µg/m m~-:i~~ (1- hour 

maximum)L'u~tl(9]'elU"ll'el-:J 03, N02, NOX, bLrl~ NO nr11L'V11r71J 48.3 ppb, 34.2 ppb, 84.7 ppb, 

LLrl~ 54 ppb (?11:W~1'911J PM10 n~Vllmfolfnu N02 (r=0.49), S02 (r=0.17), 03 (r=0.14), 1-

hour maximum N02 (r=0.53), 1-hour maximum NOx (r=0.53), 1-hour maximum N02 (r=0.34), 
... ., 

Lbrl~ 1-hour maximum 0 3 (r=0.42) LLri~ 'QlliVIJJ~l fl'J1:W;'Wlmf'Vl{ Lbrl~ 'QlliV1JJi11~tl1~1-:i 

( dew point) ilr11 l°l'el'W-ir1-:i~-:i r11~ntllii1'W"ll'el-:J'elruV1J1faiu~t1 24 i'J t:w-:i ilr11 29 °C Lbrl~~ntllii1'W 
41 d.9 q 'U d.9 

I 0, 

"ll'el-:J rl1 b'U~ ti fl'J1:W;'Wlmr'Vllfil rl1 b'Vl1 nu 73% 

r.i1nn1':i''lLfl:i'1~Vl1~t11-ii'r11Liu~t1~~~:w(moving average) "ll'el-:J PM 10 ~1J~1 3-day moving 

average nr11J1:wl:w~'Wfnun1:i'(?11t1~-:in~11''W~'W1 t~u~u~191'WtJ'Wn1:i'mm~:w~'W:t'elt1ri~ o.5 
I 0, 

(9]'eln1:i'L~:W PM10 10 µg/m
3 

bbrl~~1Jfl'J1:Wi:W~'Wfi"ll'el-:J PM10 (9]'e)01'j'(?11tl'Yl-:J1'WL~fl-il1mbrl~b~f1Vlqj-:i 

iii 



t~m~u C-J~m~~'VltJ1'WbYH'1VlnJ-.:J~-.:Jn~1 b'Y'lPl"ll1m~nurern bb~~'Y'ltJfl'l13-Ji3-J~'Wfi1'Wmh-i'el11:J 19-50 tl 
u 'U q q 

!, !, I 

bb~~'11-.:Jbb(,] 50 tJ;u1tl bb(?ILJ-li"ltJfl'l13-Ji3-J~'Wn1-wn~3-Jml:.l~1n~1 19 tl bb~~C-J~~'el-.:J sensitivity 
' ' I !, 

analysis 'Y'ltJ~1 ~1 estimated PM 10 coefficient b'W3-J;'Wb~nU'ell:.ILb~~-rlr;i-.:ibbfltJ~-.:J 

r.i1nn1t'Jbflt1~vi1~1:JH'r113-1~-w11'el1fl1P11?11-.:i7 1-5 'J'Wfl'el'W (lags) 'Y'ltJfl'l13-!l3-!~'Wfl'W 

ntj3-l L'WLl?l:i'L9'Wbb~~ L'elL61l'W l:.lnL~'W sO2 L~l:.l'Y'ltJ~1 NO2 ~C-J~bV15'.l'el'WfltJ PM 10 1-wcl'el-.:i~'el-.:J lag ~~ 

fl'l13-Ji3-l~'Wfi~-.:Jnun1:rm1:Jr.i1n~1bVl(?Jfitt3-J"ll1~ ~hvifo 0 3 'Y'ltJ~1 2-day lag ~m13-!l3-!~'Wfi~-.:J~~ 

nun1:r1?111:Jr.i1n~1LV11?1fitt3-J"ll1~ r.i1nn1:r-wr.i1:rru1r11 t-statistics L~m''l3-l'Y'ltJm13-!l3-!~'Wfi~-.:J~~ ' ,., ' 

I !, !, 

C-J~~'cM PM 10 (?]'elf71:i'l?l11:J~'el-.:Jfl'W1 'Wni-.:i b'Vli"l3-JVl1'Wfl:i''Vli"ltJ1'Wf71tAn111 flf-.:itl~ti (?lfl~'el-.:J nu 

C-J~n1:rAn1111'W'el~l?l~HfLflm'11:.l-.'.11'W3-11bb~'l (Ostro et al., 1998; 1999) ~-.:J'Jbflt1~vf'1f'el3-1~1'W i"l.PI ,., 
I t,, t, I t, t, 

2535-2538 bb(?] C-J~~'el-.:J PM 10 'Vli"ltJ 1'Wf71:i'An111flf-.:Jri'el'WU~-.:J n~1'Vli"ltJ1 'Wf71:i''J bfl:i'1 ~vf flf-.:iur.iiu-wu 
t, I ii t, 

t'l3-Ji-.:J'Y'ltJ f-l'l13-Ji3-J~'Wfi~'el-.:J f71:i'l?l11:J 1'Wu~n'el11:.l ~1 n~1 6 tl~-.:i n~1f71:i''J bfl:i'1~v1flf-.:Ju99U'WU ' ,., ' 

5. e.J~n1'ififn~1 Panel study °ll'el-:J'enn1'i'Ll'Jt1'Vl1-:J'i!~'I.J'I.JVl1tiL"'l 

n1:rAn111 Panel Study bU'Wf71tAn111'el1f71tU'll:.l'Vl1-.:Jt~tJtJVl11:.l19 ~'el-.:intj3-1'1l'l'eltl1-.:Jbb(,]~~ 

fl'W~1~u-wvin'el1f71:i''Vl1-.:Jt~tJtJVl11:J191 'W'Jj'J-.:J 24 Jr;i L3-J-.:J~ e.l1'W3-11~'el-.:J l?l'W1'Wbbl?1~~.r'Wl?l13-J bbtJtJU'Wvi n 

'el1f71t~1-iflim1:rAn111 'Y!1n1:ru-wvin'Vln1'-w~~(?l'elfl'WLU'Wt~1:J~b'l~1 1 oo .r-w 1-w~ru~L~mn-wn~m:r 
' !, I I 

brltJ'll'el3-J~'el'Wll1 f-13-1~~1:i' 1 'W~'W'Vl1n~ b~l:J-.:J flU'Vlf7~3-J '1l'l'elt]1-.:J'el1 f"!l:J'elt] cu , q 'll 

,, ,, 
f-lf-.:iutl:r~n'eltJ~'ll:J 2 f7~3-J~'el 1) n~m'.f~-.:J'el11:J ~'el~'el11:J > 50 iJ 2) n~m~fl'el11:J 5-12 iJ C-J~f71:i' 

q q 'll cu q q q '\ 

brlU'll'el3-J~L~f7~3-1'1l'l'eltl1-.:J b~fl 104 fol'W 'el1mtu~l:J 9 U bb~~f7~3-Jf?l'l'elU1-.:JerlVlru 97 fl'W mmiu~l:J 67 
'U q q q 'll a., q 

!, I 

'Yl1mnnu-if'el3-J~btl'Wt~l:.l~b'l~1 99 1-w 1-wi-.:i 2 n~3-J 1-wu1?1~~.r'Wbtu~1:Jn~3-1'1l'l'elth-.:i1i¾f'>1'l13-J 
,., ' ' 

1'Wf71:i''Jbfo'lt1~v1'1J'el3-J~t-if,al?lt1"llfl~'el-.:Jf71:i'bf1~'el1f71:i''Vl1-.:Jt~UUV111:J19~'l'W~'W(URS)bb~~ ,., ' 
~'l'W~1-.:J(LRS) bb~~~u~mtru~'el-.:Jf71:i'bf1~'el1f71:i''Vl1-.:Jt~UtJVl11:.l19~'l'W~'W(URI) bb~~~'l'W~1-.:J (LRS) 

bb~ ~'J bfo'l:i'1 ~v1Vl1 fl'l 13-Ji 3-J~'WfiflU1.B3-11 ill3-J ~'W111?11-.'.11~ l?lt'l9'J ~ 1~ 'W'Jj'J-.:J~'\1!1 f71 :i'A 77111 

t~rP1U~'el-.:J3-J~-W111-wmmi'111-w-rlr;i-.:i~An111 t~rP1U~'W PM 10 b'u~l:.l 48.4 µg/m
3

, PM2_5 btu~l:.l 

30.9 µg/m
3 

~'l'WUt~n'elU~'el-.:J~'W Total carbon (TC) b'u~l:.l 14.5 µg/m
3 

t~mu-w organic carbon 

(OC) b'u~l:.l 6.8 µg/m
3 

ir~~'l'W~'el-.:J~'Wb~fl (PM2_5) bU'W ~'ell:.!~~ 64 ~'el-.:J~'W~'W1~ 1 0 L3-Jflt'el'W 

iv 



t, I 

bb~::: 'eln..!Vlfli19~U1fl1..:lb'U~\'.J 25.3 °C • ·.i • 

r.i1nmtr'.ibfolt1:::if-ifm.J~'Yfl.J~1b'Wbb(?)~::;,r'Wb~nbb~!::mVlrui'.l'el'91J'1'1l'el..:l'el1n1J''Yl1..:IJ'!::U1J'\,111'.lb9 
~ ~ ~ 

~'J'W~'W ( URI ) b'U~\'.Jt'ell'.l~::: 10.5 bb~::: 15.9 '9113-J~1~U bb~!::'el'91J'1'1l'el..:l'el1n1J''Yl1..:IJ'!::UUVl1\'.Jb9 

~1-w~1..:i ( LRI ) bru~l'.lt'fll'.l~::: 12.5 1-wL~n Lb~:::t'fll'.l~::: 18.4 1-w0vit1J 

r.i1nmtr'.ib01t1:::if0111mfiii-wlft:::vi~1..:it:::~uii~~'jj''fl1n1Plnu 'fl'9lt1"ljn'll'fl..:imnn~mmt 

'Yl1..:it:::uuV11u1r.i~<J'W~'W(URS)bb~:::~'J'W~1..:i(LRS) 'fl1n1tL'fl bb~!::'fl1n1tVl'flU~~ 1-wn~m~n ~u~1 • 
t:::~u PM 10 i'.10111mfiii-wlfnu'fl1mt'Yl1..:it:::uuV111'.J1r.i~'J'W~'W 1-w'llru:::~ PM2_5 i'.lm1iit*iib~l'.l..:i~ 

liii-wlfnu'fl1n1tV1'flU ~1V1tu~'WV1mu (PM 10_2_5) ~u~1i'.10111iii-wlfnu'fl1mt1'fl bfilmru~m~'el 
~ I I ~ 

t:::~u~'WVll'.l1U~..:i~'W 1 Interquartile range (IQR) b'fln1~b~~N'll'fl..:ln1tb'elb~3-J~'Wt'fll'.l~::: 4 (OR= 

1.04, 95%CI 1.0, 1.08) ~1Vltu'fl..:lr1Ut:::n'elU'll'el..:l~'W Organic carbon (OC ) mr.ii'.10111iiliii-wlf 

llU'fl1n1tb'fl b'W'llru:::~ inorganic carbon 1~~u0111iiliii-wlfnummt'Yl1..:it:::UUV111'.lb9 ~1vifo 

fl16ll3-J~~'jj'(?]'J~'W1 b"J1'W S02 ~bVli'.l'el'W9:::i'.10111iiliii'WfillU URS. 'el1n1J'b'el bb~:::'el1n1J'Vl'elU~~ bb(?) 

1~i'.li!u~1flb]J'Yl1..:l~n~ ~1vifu fl16ll N02 bb~::: co 1~~u~1i'.10111iiliii-wlfnumnn~'el1n1J'\111..:I 

t:::uuvi1u1r.imh..:ii~b'-l'W ~'J'W'elU1in1nu'll'el..:l'el1n1J''Yl1..:IJ':::UUV11\'.Jb9 ~Ufol'J13-Jlmf'Wfit:::Vl~1..:l~'W • • 
Vll'.l1U(PM10-2.5) nu LRI (OR =1.08, 95%CI 1.00, 1.17) bb~:::'el1n1J'l'el (OR =1.09, 95%CI 

1.00, 1.19) ~u~1 oc i'.!0111iiliii-wlfnu'el1n1t1'fl bb(?)1~niru~1r1t1J'Yl1..:i~n~ (oR = 1.04, 

95%CI 0.94, 1.14) 

1-wmiiimviru~um1iiliii-wlft:::V1~1..:13-J~~'jj'flUfol'J13-J"lln'll'el..:l'el1n1J''Yl1..:IJ':::UUVl1\'.Jb9 
.. 'ii QI q 

~U~1 PM2_5 i'.101113-Jb~tJ..:i(?)'flVl'elU~~~..:i OR= 1.05 (95%CI 0.97, 1.13 )~1Vltu~'J'WUt:::n'elU'll'el..:I 

Total carbon 'll'el..:l~'W~U~1i'.10111iiliii-wlfnu 'el1n1J'Vi'elU~~ (OR= 1.06, 95%CI 1.00, 1.11) b~\'.J • 
oc lii~'WfillU 'el1n1J'l'el (OR= 1.04, 95%CI 1.00, 1.08) bb~:::'el1n1J'Vl'elU~~ (OR= 1.08, 95%CI 

0.99, 1.16 ) bb~::: IC i'.10111iilii~'WfillU'el1n1J'Vl'elU~~ (OR=1.04, 95%CI 1.00, 1.07) ~'J'W 

'fl1.mn1tru'll'fl..:l'fl1mt'Yl1..:it:::uuvi1u1r.i 1~~Ufol'J13-Jl3-J~'WfillUJ':::~U~'Wbb~:::ii~~'jj'(?]'J~'W'elt11..:I • • 

r.i1nmtr'.ib01t1:::if0111iilii~'Wfit:::V1~1..:in1tlmr~ PM10 1-wt:::l'.l::: 1-5 1'Wri'fl'W (Lag 1 to 5 

day) bb~::: fl1b'U~tl PM10 b'W"l1'J..:I 3, 4, bb~::; 5 1-wri'fl'W (Moving average) llU1,jU1imtru'll'el..:l'el1n1J' 

'Y11..:it:::uuvi1u1r.i1-wntjm~mb~:::ntjii0V1aj ~u~1t:::~u PM 10 1 1fori'fl'W i'.Jm1iilii~-wlfnun1t 

Vl'elU;;;~ 1-wntjm~n (OR=1.35, 95%CI 1.11, 1.66) bb(?)b~i'.J0111iilii~'Wfill'W"ll~b'-l'Wb'Wntjiirvvit1J 

V 



fl'J1iJ~'it'fitJfiJ""::;V1~1-:Jn1J"imr~ PM2.5 1uJ""::;I:]~ 1-5 ')'l.Jf1'elt..lllU~u'1in1rnr".ll'el-:J'el1n1J''\111-:J 

J'~UUV111:l1roi1uL~n Y-lU~1n1J""imr~nu PM2.5 1 ')'j,Jf1'e)'lJ~fl'J1iJi~'flulnumrn'elui,~mh-:ii~L9t..l 

(OR=1.37, 95%CI 1.12, 1.68) 

fl'J1iJi~'flulJ""::;V1~1-:J~tJVIU1U (PM10-2.5) 1u 1-5 ')'lJf1'elULb~~ b'u~l:J 3, 4, 5 'JUri'elU nu 

'el~n1J'tl.J'el1n1J"'\111-:JJ"::;UUV111:J191tJL~n Y-lU~1 J""::;!P)U~'l.JVIU1U 1 ')'lJf1'elt..l iJf!'J1~i~'fitJfiflUn~iJ 
q q q 

'el1n1J"'V11-:JJ"::;UUV111:J19~'J'l,J~'l,J, J'~UUV111:J19~'JU~1-:Jbb~::;'el1n1J'L'el 

1u~'JW1l'el-:J Organic carbon ( OC ) 1untjm~n'V-lUfl'J1iJiii'flui"ll'el-:J'el1n1J"L'el!lU~~~11 

irn~mnu Y-lUfl'J1iJiii'flui"ll'el-:J LRS bb~::;'el1n1J"L'elllU~~~11 2 ')'l,lf1'e)'l,J bb~hli'.iuu~1r1t7J'\111-:J~n~ 

1uerlV1ruL~'V-lUfl'J1iJi~'flui"ll'el-:J oc llU'el1n1J''\111-:JJ"::;UUV11tJ1r.i " ., 

,, 
n1J"~n111UL~bb~~-:i1'i¾L~U~1~U~::;'el'el-:J PM 10 , LL~::; PM2_5 iJf!'J1iliiJ'fitJfillU'el1n1J'Vl'elUi,~ 

1rn~n t~m 'uY-11::;iii'flu{nu fl'J1iJL6n~6nU"ll'el-:J ~ULbUU~::;~ii ~'el')tJri'eltJ 1 ')'l.J ~'Jt..l~tJ1 U"llt..l1 ~ 
q q 

0, I 

PM 10_2_
5 

i'.im1iii~'flu€nu'el1n1J""L'elbb~::;J""::;uuV11u1r.i~'Ju~u ~'Ju oc uui'.it'elm~d:Ju1tl1~v1r.i::; 

i~'fluinum1~"lln"ll'el-:J'el1n1J'L'el bb~::;Vl'e)Ui,~ t~ui-:Jbn[?191nl"11 Odds ratio (tlJ""::;i11ru 1.04 -1.08 
q 

,, 
L~Lbri N02, S02, Lb~~ co UtJL~'V-lU~1ilfl'J1~i~'flulfnu'el1n1J''\111-:JJ'::;1JuV111:J1r.imh-:ion~L9U 

~1LV1(?)~L~Y-1ur1tJ1iiiii'flui"ll'el-:J~unun1nn~mn1J""'Vl1-:iJ""::;uuV11u1r.i'el~1-:i-n~br.iumr.iLuuL'V'-lJ""1::; 
q q 

0, I 

n~~~'J'elt:h-:i1un1J""~n111-wLuun~~fltJ~".!IJ71'V-ltln~ 1~1-rln~iiL~u-:iL-rluhflJ7ilLb~Vl1'elVl'elUil~ 
q q q q 4J 

,, ,, 
ernr.i1n~n1111uflf-:i-w1~~1~1J""mb~ ~-:i fl'J1~i~'flu{J""::;V1~1-:i oc nU'el1n1J""'\111-:JJ""::;uu 

V111:J19'el~1-:J'n~b9t..l'\111-:J~n~t~m'u'V'-l1::;1un~m~n bb~n~-:JL~'el19~ltl~1 organic carbon 1~i'.i 
I 0, I 

fl'J1~~1 rltlJ bfll:J'J6n'el-:J !lUn1J'bfl~'el1n1J''\111-:JJ"::;UUV111:J19 bb~'el19 bUULtJL~~1 OC 1tJ~UVl~n111iJ 

e-J~nJ""::;'\111Jbb1JUb;l:JUY-lirn-rlu-:iL~nii'el1:J~'eltlJ""::;"Jl1nJ"~'JU1m\j~il~"llJ71'V'-ltln~1~i'.itrnVl'elUi,f?1Vl1'el 

nilLL~ n1J""~n111~'elLUfl'JJ""'Vl1n1J""~n1111un~~b~1:J-:iL~LLrin~m~n~i'.itJ""flV1'el1Ji,~. nfaL~ LL~::;trn 
4J q 'l 4J 

0, 0, I 

tl'el ~L1'elf-:i ~'el 1tl tJ'el nr.i1 n'Wfl'JJ""il n1J""~mn'\111-:i LLV1~-:ivl~1".ll'el-:J'el-:J f!tlJ""::;n'elu~utlJ""::;n'elu1tl ~'Ju 
q 

I o, 0, 

L~'el 1 ifi'.i e-J~ 1 umJ""~ ~ bLV1'6'l-:ir11 LU~~tJLV1'6'11i1iur.i::;'Vl11 'l¾~uLVl'6'11'W~ ~~-:i i?l'el 1u 
q q 

6. c..nrn1'a'U'a~ dh.i i:.J~n'a~'Vl'IJ'Vl1'3 bPl'a'lf'ij P11-ct lPl.f 
dJl 

n1J""~n1111"11fl'J1iJ-W-:J'V'-l'el1r.i~r.i::;roi1u( Willingness to pay,WTP) 1~~n'el'elnbLUUb~'el1-.if 

fl'JU1"1Ltlnun1J""';j9un1J""uuvin'el1n1J""'Vl1-:iJ""::;uuV11u1r.itlJ""::;r.h1rn~'el1«l~-if'el~~~1n'6'li1~'J'el~1-:ir.i::; 
" " q 
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m'~ b 'Vl'V'l:l-JVl1'Wrl:i' 
' 

LL~Ltirewoi1ne.JrmT;rAnM1 Time series 'll'el~'5[9]j1n1j~l1tl LL~~Panel Study 'll'el~'fl1n1j 

j~1J1JV11t119j1tf')'W L:i.J'V'l1Je.J~n:i'~'Vl1J~6:nf?lb9'W'll'el~~'W~~'el'el~~'eln1:i'Lflf?l'el1n1:i"V11~j~1J1JVl1t119 9~'Vl1 
I t, t, I 

1m:iJ~1~1rntl1i'el~~v1Ln1Jroi1nn1jAnM1ri¼'~i1~11.h~Li1W,'J1~~~'V'l'el19Vl9~91tl (WTP) l?]'fln1j 
" ., 

bfl f?l'el1n1j'Vl1~j~1J1JV11ti19 f?1~'W'W9~ 1~ -if i'el~~ 1 'WJ71'V'l :i"J~'ll'el~Uj~b 'VI f1U1 ~1'Vl 1 n1 itJ j~Li1'We.J ~ 
" 

m~'Vl1J'll'el~~'W~~'el'el~~'eln1j[9]1tfri'fl'WL'J~1i'Wf1'.lj (Premature mortality) bf?ltfn1j1-ifmtm~~ 

LMM:.Jf11~[9]f 'V'l1J'J11umjtJj~Li1ufi1V11~n1n~uroi1ne.J~m~V11J'll'el-.:i~u~~'el'fl~1u'el1n1fl~'el~'llJ71'V'l 
d.!) ' ' 

255 ~u~1uu1'Vl n~ 51 ~u~1uu1'Vl 

t,, I I l 

1u-nru~U~1[9]jj'1'W'll'el~ PM10 Vln:i'~'Vl:i"J~'Vlf'V'lt11n:i'nn~'ll1~bb~~~~bb'Jf?l~'el~L~n1V1'WC?lH'Vl 

50 µg/m
3 

~~LU'Wj~~u~n~~~~l<J1'W'J1 bU'Wj~f?11J~1:i.Jije.J~n:i'~'Vl1J~'el~'llJ71'V'l bL~1:iJ1~Vl~1tlrl'J1~ 
' d.!) ' 

'J1t11~f?lm~1ru PM 10 1*~1n'J1 50 µg/m
3 

roi~1:i.Ji'.11.h~bt!'ll'W Ltl'el~roi1ni'.JmjAnM1~LL~f?l~1*L~'W'J1 

PM10 ~j~(?11J~1n'J'1 50 µg/m
3 

ije.J~n:i'~'Vl1J~'el~'11J71'V'l (USEPA, 1996) 91nn1j~ USEPA. 

f11Vl'Wf?l~1[9]jj'1'W'll'el~f11b'u~tfj1tfU'll'el~ PM2.5 H~ 15 µg/m
3 

~~t11UfoLi1n1J~tl1'Wn1jnJ1'W 

nt~L'Vl'V'l~V11ur1j bf?lt11-iffi1if?l~'.l'W'll'el~ PM2_5 !?]'fl PM 10 ~1[9]jj'1'W'll'el~ PM 10 f1'.lj9~'fltj~ j~~u 25 
' ., ' 3 ~ =J -=' ~ ,. l(V 1 =J ~I ~ 3 

µg/m 61l~'llru~'W'Vl1~ USEPA. ~n1j'V'l91jnJ1uj1Jf11~1mj'1'W PM 10 L'il~m1t1u~~LVl~'el 30 µg/m 

LL~~d1'el~'7'W'.lnJLU'W¾J~f11'Vl1~~'1lJ71'V'l r.nnfi1Liu~t1 PM 10 u 'V'l.fl. 2539-2544 ru ~mil 

j1~~1bbVI~ ijfi1b'Vl11l1J 60 µg/m
3 

tl1~f?lill~1ru PM10 rM 10 µg/m
3
~1~~1[9]jj'1'W 50 µg/m

3 
9~ 

' 
'W1LU~n1j~/?191'W'J'Wn1j[9]1tf~~ 156 j1tf bb~~91'W'J'IJ')'W'Vli'.J'el1n1jVf'e)1Ji,f?l'll'el~b~n9~~f?l~~ 9.8 

" 
~1u1u bL~t11~f?lm~1ru PM 10 ~~ 30 µg/m

3 
(r.i1n 60 µg/m

3
~1~~1[9]jj'1'W~ih~~~'ll'el~ EPA) roi~ 

' 
tl11tJ~mrnf?l91'W'.l'Wn1jmt1 468 j1tJ LL~~91'W'J'W')'W'VlL~nij'fl1n1jVf'fl1Ji,f?lroi~~f?l~~tJj~~1ru 

" 
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., ., ' 

CJ~ n1t~ m.11 f"lf-l'Wll~ f?l-l 1 ,X l ~id1 f"1 ru111'Y'lm n 1 "111 t.mN l 'Vl'Y'l3-JVl1'Wm 1-wu1-lvf teM'Vl t1-l'flt11 'W . . ~ 

t~'91U~1n~13-J1(?]tlii1'W"ll'el-l'Ut~l'Vl"1ll~~3-J1(?]tli/1'W"JJ'el-l USEPA ll~~tJ-lll~IMb1Xl~'Wtl-ltJ~m~'VlU"JJ'el-l 
~ ~ ., 

'fl'W111f"13-!~~1t(?]'fl~"llJ11'Y'l'Vl-ln1t(?]1t.1ri'flmr;i~1'fl'Wf"l'Jrn~~n1tl~utht.1~'lt.1'fl1n1t'Vl1-lt~uuvi1t.11r.i • • ' ., ., 
(?]1-l1'Vl-l 1m~ n ll~~rri viaj lU'W91'W'J'W3-!1 n L 'Wll(?]~~tl d'.fo1.h~LiJ'WtJ~m~V1uil1m~-llM'l!l'lii"11~(?]f 

~ 

1.1 I 'ii 1.1 

f°l'lU f-13-J f°1ru111'Y'l'fl1 n 1 "11 '91-l'W'W'n'fl3-J ~'VlL~r.i 1 nm t~ n'l!l'1 f°1 f-l'W'-l ~lU'W'Lit~ Lt.16Jl'W(?]'flVIU r;i t.l-l 1'W"ll'fl-l tlii1 'W 
q q 'll J.9 

n1tn1V1'Wf?l3-J1(?]tn1n~'flf"l'lUf"13-Jf"lru111'Y'l'el1n1"111XLu'W~U~'flf?lJlt.1nuut~6Jl16Jl'W • • 

., ., 
i-lilf"11nu-wn1t 

., 
"W'flm1ni1f"11tn3-J1(?]tn1t1-wn1nrut-lfi'm13-1fr;i3-1i'.J'flr.i1n 

' ., 
n1n~3-1n1n~1t~'J-lll~~rjlf°lt1~'1f"ll'W1f?l"JJ'el-l~'W'Vl-l~'W"JJ'W1f?ll~nll~~~'WVlt.11U • • • 

I I I !,, 

~'WVit.11U~'W1'Vl'fl1'-lntJ~nt~'VlU(?]'fl~"J.1111'Y'l"JJ'el-l'Ut~6Jl16Jl'W3-!1nU-l;'W • • 
I t,, t,, I 

'elt11-lhnm3-JtJ~n1t~n'l!l'1'Vl'Y'lUb'Wf°lt-lUlU'W'n'el¾J~'Yl~1~(1db'Wn1tll~f?l-lb1Xl~'W~1n1rnf?l 

3-1~1111~'fl1n1"11-wnNl'Vl'Y'l3-JVl1'Wf"ltr.i~lU'WtJ~~(?]'fl~"ll111'Y'l'fl'W1~t.l"ll'fl-l'Lit~6Jl16Jl'W ll~~'el1r.ir.i~LU'W • • 
Ut~Lt.16Jl'W(?]'fln1tf71Vi'Wf?l3-J1(?]tn1tn1tf°l'JUfJ3-lrJill111'Y'l'el1n1"1b'Wli'.l'el-lbVitlJ~'W1~nin'l!l'nJ~f°l~1t.l 

m-ll'Vl'Y'l3-JVl1'Wf"ln-Jl'W l~t.1-l1mJ l'U'W~'W • 

,i., d ""'..., "l 
8. ,i'e} b ~ t.!'el bb t.!~ b 'Vi'el n1'a'J~ i:I b t.!'el t.!1 fl l9l 

l ~'fl d'.l-wm t(?]'flUUt~l~'Wr11 m3-J~ tJ-l lU'W~ ~-lit.1'fl zj 

fin'l!l'1rj9t.1(?]'fl1u '91-ln 

1. n1t~n'l!l'11-wntjm~t.1-l L~llri ntjm~n~lU'WLtf°lVl'flU~f?l JJfol~ ll~~Ltf"l'Li'flf?lj'elt-l 1-w 

llVl~-lf71l'Wf?l 
' ., ' 

2. n1tv'hn1t~n'l!l'1'Vlf"1~1t.1f"l~-lnun1t~n'l!l'1u ru 9-lVl<Jf?l(?]1-l1 l~'elltffornV1t.1UtJ~m~'VlU 
., 

(?]'fl~"ll111'Y'lll~~ut~liJ'W~m-wmnw"ll'fl-l'LiruV111-wtullUU"ll'fl-l'Vl-lUt~l'Vl"1l'Y'lt1~~n1-wn1rn1"11'fl-lll(?]~~ . ~ ~ 
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., 
4'-:i~ir~r.i~LL~n~1-:Jfl'WYl-:Jb'WUhJ1ruLL~~'eN~UJ'~n'el1J"ll'el-:J'el'\..F11'°1:W~~1J'J"J:Wn-:J~.fl1V'lVl1-:J 
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ABSTRACT 

Several dozen studies, mostly conducted in the United States and Western Europe, report an 

association between short-term exposures to particulate matter, usually measured as PM
10 

(particulate matter less than 10 micron in diameter), and several health outcomes including 

mortality and respiratory symptoms. Evidence of high concentrations of PM
10 

in large 

metropolitan areas outside of the United States, such as Bangkok, underscores the need to 

determine whether these same associations occur in developing countries. In addition, 

conducting studies of health effects and air pollution in regions that have distinctly different 

seasonal patterns than those of the United States provides an effective opportunity to assess the 

potentially confounding aspects of seasonality. 

Over the last several years, daily measures of ambient PM 10 have been collected in Bangkok, 

Thailand, a tropical city of over 6 million people. Our analysis involved the examination of the 

relationship between daily mortality and PM 10 and other pollutants for 1996 through 2001. The 

analysis indicated a statistically significant association between PM 10 and total mortality. The 

results suggest a 10 microgram per cubic meter change in daily PM 10 is associated with a 0.5% 

increase in total mortality (95% confidence interval 0.3 to 0.7%). These relative risks are 

generally consistent with or greater than those reported in previous studies. 

In addition, the panel study examined the association of short-term exposure to ambient 

particulate matter and carbon components with respiratory symptoms of 104 healthy children 

and 97 healthy adults conducted in a community in Bangkok, Thailand. Each subject was 

interviewed about occurrence of respiratory symptoms on each day for a period of 99 days 

during April 17- July 23, 2002. Air pollution levels, expressed as 24-hr average PM 10 , PM
25

, total 

carbon, organic carbon components (OC), and gaseous pollutants (NO2, SO2, and CO) were 

obtained from an outdoor fixed air-monitoring station in the community. 

a 



During the study period, exposure to lag 1 day of interquartile range (IOR) of ambient PM25 was 

associated with wheezing in children (OR 1.37, 95%CI: 1.12, 1.68), and an IQR (3.4 µg/m3 
) 

increase in organic carbon was modestly associated with increases of cough (OR 1.04, 95%CI: 

1.0, 1.08) and wheezing (OR 1.08, 95%CI: 0.99,1.16) in adults. No association of other gaseous 

pollutants with respiratory symptoms was obseNed. In conclusion, the present study obseNed 

weak effect of particulate air pollution and organic carbon component with respiratory symptoms 

in healthy children and adults. 

Moreover, reduction in PM 10 and PM 25 from the previous levels during 1996 to 20Q1 of 60 µg/m
3 

to the standard level of 50 µg/m
3 

may lead to health benefits. A total of 156 cases of death and 

9.8 to 19.7 millions days with respiratory symptoms in children (wheezing) may be reduced. The 

economic valuation of these health benefits was estimated to be in the range of 8.7 to 44.3 billion 

Baht. Measures to mitigate the problems of particulate matter in Bangkok Metropolitan area 

should proved to be cost benefit. 

b 
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Range ( IQR) 'lltl..:Jlli':W1fW PM 10_25 L'W'l1'J..:J 1-5 '1'Wfltl'W 

4-11 

4-12 

4-13 

4-13 

4-14 

4-14 

4-15 

4-15 

4-16 

..J 
(?11'J1..:J'Vl 4.13 ll~!?l..:Jfl1 Odds ratios (confidence inteNal) 'lltl..:J'QU~n1nwmm'J 4-16 

'Vl1..:i1:::uu~1t.11~1'Wntj:w~~aj~imf'Wifnumn~:wi'W 1 Interquartile 

Range ( IQR) 'lltl..:Jlli':W1rw PM10_2_5 L'W'l1'J..:J 1-5'1'Wfltl'W 



.J 
(?]1t1-.:il'l 4.14 LL~(?l-.:ifl1 Odds ratios (confidence interval) 'll'El-.:l'f-lU!Jlmmimmt 4-17 

V11-.:it:uuinc.11r.:i1-wntj~L~n~l~~'Wfinumn~~;'W 1 Interquartile 

Range ( IQR) '1J'fl-.:llli'~1ru organic carbon (OC) L'W'l!'N 1-5 1'-w 

fl'f)'W 

.J 
(?]1t1-.:!Yl 4.15 LL~(?l-.:Jfl1 Odds ratios (confidence interval) 'll'El-.:l'f-lU!Jlmm!mmt 4-17 

.J 
r,J1t1-.:!Yl 5.1 

.J 
[?11t1-.:ll'l 6.1 

.J 
[?11t1-.:!Yl 6.2 

' ' ,, 
Vl1-.:Jt:uuV11t.11r.:i1-wntj~0Vib\JYll~~'WfiflUn1JL'0i~;'W 1 Interquartile 

Range ( IQR) '1J'fl-.:llli'~1ru organic carbon (OC) L'W'l!'J-.:1 1-5 1'-w 

fl'f)'W 

LL~(?l-.:Jn1ttlt:~1run1t'1J'fl-.:Jfl1Y11-.:in1n1-w'll'fl-.:Jn1t(?]1t.1ri'fl'WL'J~1i-wr1'Jt 

.J %. ., .- ., .'I 
l'lt'l~'V'l'WfinU~'W~:'fl'fl-.:1 

Concentration response ~1V1fumn1tV1'flUfi(?l L'WL~n 

tlt:fo'1lwV11-.:in1n1-wf?l'fln1t(?]1t.1ri'fl'WL'J~1i-wr1'Jtr.:i1nn1rn(?lm~1ru 

'f)'WJl1fl~~~1J 
q 

5-4 

6-4 

6-6 



iq1'a"uru'a"un1~ 
QI qJ 

g, 

'Vl'U1 
.J 

J'U.1l1V'J'Vl 1.1 .., ' .J ti ~.., 1tJ1 LL~(?l~rl1L'Uflr.JJ1\:.J 'lJ'eN PM 10 'lJ'eM~fl1'WVl'J 'W 1-3 

nt~LVl'V~l-JVl1'WrJJ '1"1.A. 2539-2544 

xu.n1'1"1~ 1 .2 LL~(?l~fl1L'U~\:.JJ1\:.JU'lJ'tl~ PM10 'lJ'tl~~mmJ-.Jn'W'W1'U 1-3 

nt~LVl'l"ll-JVl1'WrJJ 'l"I.A.2539-2544 

J'u.n1'l"I 2.1 .., LL~(?']~ LLt-l'W~L 'lJ(;] 1wn J~L Vl'l"ll-JVl1'Wrl J 
' 

2-10 

J'u.n1'l"I 2.2 .., fl1L'U~tl 24 i'J ll-J~ PM10 2536-2543 2-11 



d 
'l.Jo/lo/11 

U'Vl'W1 

tJ 'S:::l'VlAL'Vlt.1 lU'WU "S:::l YlA~rh~-:i~f?J-J'W1 Ufl:::i:1m'J'W1';j'Vlmmrnfl:::l 'Vlfl L'W Lfl8Lvn.J7 dh~11-n 

'elch-:i~1n~1t.l ~-:it-i~11XLnf1in1n91''1)l~Ulf?l'Vl1-:ilA'Jtllf19'eltl1-:inr,nJ'J Lf1it.lb'il'V'l1:::1'W'n'J-:iU 'V'l.A.2538 -
V t V 

253 9 fl'el L ,X lf1f1if19n 'J'J~fl'el ~ ~1-:i~1 n~1t.1 n~Y1-:iiJm~1n.JtJ1'W'V'l1Vl'W:::l ~~;'W~1n ll~ ::;~-:it-i ~n "S:::'VlUl?l'el 

.,: 2, <'I • ~ •• , .J ~ ''1 ~ .J ·'"' .--r ,J ' ~-:iU'Jf1i~'el~fl'el u'J~1n.Jw'W~:::'el'el-:i'Vl~-:i'JJ'W9'W'elt.l b'W'J:::f11U'Vllu'WuruVl1 llfl:::~-:it-i~rn:::'VlUf?l'el~'JJJl1'V'l 91n 
q 4J 4J Q,' q 

'll'el~ fl91nn1 'JAntl1,j9t.J1 'W1?11-:itJ 'J::: l YlA ~'el~'Vl1U'el l~ 1-m bVl'W'el ll~ :::Y11Ut.l t 'JU 'V'lU~1n1 'Ji~ er~ nu 
" q 

'tl'4Jl1fl~fl~1'J (Particulate matter; PM) Lf1it.lb'U'V'l1:::'JJ'W1f11 l~nn~1 1 0 1~m'tl'W (PM10) • L'WU'J'JtJ1n1A 

i:1m1~i~~'WfiflU'elf?l'J1n1'Jf?l1t.lfl'el'Wl'Jfl1'el'Wrl'J'J (premature mortality) llfl::: fl'el 11XLnf1in1'JV~UU'Jt.l 

l~mnu L'Jfl'J:::uu'IX'J L9 bbfl:::Vlfl'elf1il~'elf11 llfl:::L'Jfl'Vl1-:i'J:::UUV11t.lL9 f?lfl'elf119'W'el1n1'J~'W7 l'il'W Vlfl'elf11~~ 

in l~U l ~t.lU'V'l~'W ll~::'.1/1111XLnf1im'JbU~t.l'WllUfl-:i'JJ'el-:i~~'j"j'flJl1'V'lU'elf11 (US EPA, 1996) 

91nn1W"l'J'J91'f1ifJnJJl1'V'l'el1n1Allfl::'.n1'JU'J::'.bi1'Wm'Ji~eT~nu'el'4Jl1fl~fl~1'J'V'lU~11'W 

.,i , '1 ,al. I ,al ,al.~ '1 2' ,al .,i , '1 
ni-:il'Vl'V'l~Vl1'Wrl'J ll~::'.l~'el-:if?l1-:i7 b'WlbrlU'Vl'Jul'elb".llt.l ~u'J~1n.J'el'4Jl1fl~fl~1'J bnflbflmVl'J'el~-:im1 b'W 

'Vl1U'tl L~ 1-m L Vl'W'tl Ufl :::li1fl-:i 1?11-:i7 L'W'Vl1UtJ t "SU Ll~~19 :::i:1m "SAntl1V1 fl 1t.J7i'W 1'Wu "S::'.l 'Vl A 1Jh-:i7 

'i' L ,al. I "" .,i 'i' • I.J <=i .'I '" •'" ~ 
bf1it.lb 'il'V'l1::; 'W'Vl'Ju'el l~ m1 l Vl'W'el llfl ::'.tJ b'Ju'Vlll~ f11-:iri-:it-iflrn::'.'VlU'JJ'el-:ifi'Wfl :::'el'el-:i'JJ'W1 f11 lfln (PM 10) llf?lnm 

hi ~1~1 'Jrl'W1 t-ifln1'JAntl1tT'W~11-nl'WU 'J::'. l'Vl Al'Vlt.l l~ l O'el-:i91 nm99 :::iJ rl'J1~ llf?l n1?11-:in'Wmh-:i~1n L'W 

m 'j' 1iJi'fun1 'Ji~er ~flU'el'WJl1 fl~ fl ~1 n:::vi~1-:iu 'J::'.".ll1".ll'W~'el1P\t.l'eltJ1 'Wn N l 'Vl'V'l~Vl1'Wfl 'JflUU 'J::'.".ll1".ll'W~ 
q " q 

mfit.Jfltj1 'WLi'.l'tl-:i 1 m1)7 L'W'Vl1U'tl L~ 1-m LVl'W'tl L O'tl-:ir.nn ~ntlru:::JJi'.ltJ "S:::l'Vl A Llfl :::~n1'V'l u 'J f1i ~'el~ i-:i fl~ 

Llfl::: ~n 1 'J :::'Vl 1-:i ~ 'JJ n 1'V'l n ~ ti-:i ~'J'WU "S:::n 'tlU'Vl 1-:i lfl i:1'1.lfl-:i 'tl'WJl 1 fl~ fl~ 1 'J~ llf?l n 1711-:i n'W q q 

L'WU 'V'l.A. 2538 1iJi'vim"SAntl11'Wnt-:iL'Vl'V'l~Vl1'Wfl'Jb~'tlVl1t-iflrn:::'Vlu'JJ'tl-:i PM 10 fl1'tl'elf?l"S1m"S 
t V 

f?l1 t.lfl'tl'W l 'J fl1'el'Wfl'J rn~ :::'el 1n1 "SY11-:i "S::'.UUV11t.l 19 ;-:it-i fl m "SAntl1'W'W 1~ ll~f11-:i 11X l ~'W~1 'J::'.~Ufl'J1~ 

l'll~'ll'W'JJ'tl-:i PM 10 L'Wllfl1fl:::1''WiJfl'J1~i~~'WfiflU'elf?l'J1n1'Jf?l1t.lfl'tl'Wl'Jfl1'el'Wfl'J'JL'WllfJ1fl::'.1''W (Ostro 8 et 

al, .1999) llfl::'.iJ01'J1~i~~'Wfif?l'e)'e)(?l'J1n1'Jl~UU'Jt.l~')t.ll'Jfl'Vl1-:i'J:::UUV11t.lL9 L'WllfJJfl::'.i'Wl'il'Wl~mn'W 
I !,I t,, I l 

(Vichit-vadakan N et al., 2001) ;-:i1'Wm"SAntl1flf-:i'w''WiJ'll'tl¾jfl PM 10 vir1fl'W'll1-:i~1nf1il'W'tl-:i91niJ 

~rl1Wf?l n91' f1i flnJJl1'V'l'el1 n1 Afl'tl'W'll1-:iU'elt.l llfJJU991.J'W m:::'Vl 'J'J-:i'Vl f'V'lm rnnn~".ll1 ~ llfl :::~-:ill ')(11 ~'el~ i:j q q 



~fl1U(?]';i")"l'J"1f1Ck\Jl1'Y'-l'tl1n1Y'ID-:J 25 ~rno L'W~'W~nNLVl'Y'-ll-JVl1'Wfl:HLf'l:::ml-Jru'Vlf'l L'W91'W')'W~-:irn-h-.i • • 
..:::I ..:::1-=I - \i'll.d.c:::l'l.l .J -=IO ~ ~ "I'll 
l-1 2 ~tl1'WVl~1l-11nl(?]';i")"l')l?I PM2.5 bi?I 6jj-:Jl-J'JJ'ell_!f'lVll-11n'Y'-l'elVl"l:::Vl1n1Mmi1Vl1-:J';i':::U11?1')Vlt.l1 bi?I 

~,., ,., 'l .J .I .J .J 'l'-'"' .,i , .J 'l , 
bi?l"l1n'JJ'ell_!f'l PM10 b'W(?]1';i'1-:!Vl 1.1 LLf'l:::iun1W\il 1.1 LLf'l:::1.2 VlU~i?l-:1 bVILVl'Wtl-:Jfl1L'ilf'lt.l'lJ'el-:J PM10 b'WLWl 

f'l:::~mo ll?lt.l~tl1U~ 1 - 5 LU'W~mO~rK-:imJ1wu1L')Ck\~'W~i')lU ~')'W~tl1U~ 6 - 8 rK-:imJu1L'Jru1l-J 
~ ~ 

riww ~-:ir.:i:::L~w1Jf~1rirh PM10 L'U~t.1 24 i'Jll-1-:J ~-:in~11wu1L'Jru~w~i'JlULLf'l:::rir11~-:in~1l-!1(?]'J;i1'W 

L'W'lj')-:JU 'Y'-l.Y'l. 2539 - 2540 LL(?]L'W'11')-:JU 'Y'-l.Y'l. 2541 - 2544 ilLL'W') lWl-lf'li?lf'l-:!VJn~mo LL(?lf18-:Jriu1-:i 

n1'JPintl1~'Y'-lU~1lli'l-11Ckl'el'WJl1fll-Jf'l~1';i'L'W'J:::~u~1nrie-if'ln'J:::V1Uf?l'el~'lJJl1'Y'-l rK-:il!w~-:irifl')1l-JLU'WlUliif • • 
~'J:::~u'il'W1l1fll-lf'l~1'JL'WnNLVl'Y'-ll-lV11'Wfl'J€f-:irie-if'ln'J:::V1uf?l'il~'lJJl1'Y'-ll1?1t.1(?]N 

q • q 

!911'j1-:J~ 1.1 ri1Liu~t.1'JJ'il-:J PM 10 (Vl'W'Jt.l µg/m
3

) 'lJ'il-:J~mOr,i1-:i71wni-:im'Y'-ll-!Vl1'Wm u 'Y'-1.Y'l. 2539-

2544 

,d ""i.l °ll'el~tl1'W/ 'Y'-l.1'11. 2539 2540 2541 2542 2543 2544 
0 

1. 'J1l-lfl1LLVl-:J 93.5 70.2 59.6 53.3 51.9 36.0 

' 
2. ~'W-:J.n1:HflVl:::'1ll-J'Il'Wflf'l'el-:J~'W 

q 
75.2 65.6 60.7 57.6 51.4 36.9 

q ,., 

3. ~w1l-!m.if 1n1 nf1V1:::'.Ql-l'Il'WVl'Jt.1'JJ'J1-:i 116.7 96.1 77.0 73.0 66.6 47.6 

1 "" .,..,,. 4. NL';i't.i'W'W'WVl'J')Vlt.11 117.9 82.8 65.8 64.0 56.6 41.0 

5. lN(fow~-:iV1n'Il~Vlt.11fll-l 117.5 89.8 71.1 60.8 55.6 42.9 

6. ~tl1Un1'Jl'l"l~18'elt.lfi'WU1' • 130.7 96.3 87.2 84.0 83.7 53.2 

7. ~m0(,11j'Jr.:iwflm1r1 l'Ilflit.14 140.0 123.0 82.8 75.2 70.00 40.2 

8. LflVl:::'Ill-l'Il'W~'WUl?l-:1 • 197.1 138.4 105.3 82.1 72.5 49.3 

1-2 



• I .J ' .J :"I ..J :, ~. l'l 
zu.n1'1"li'l 1.1 llM1'1fl1 L'iH'l\:J'.1'1\:Ju'lJ'eN PM 10 'JJ'tl'1~rl1'W'Vl'"l bu b'Wnt'1l'Vl'V'l3-IVl1'Wm 

1 

'V'U'L 2539-2544 

nl't~,.iR1uii\t.ri1ulltJD.J P M1 0uo11rtn1it~1'\LI 1im1..imvnm1UA"i 
.... ~. 2 5 31!1 5 4 4 

140 ----------------------------------------------------------------------------------------------------------------------------------
-+-11Ufi11llH 

•«-·unn: Aau~{u 
-&-unn: U1u-n,.i 

110 t--~~-------------------,·<•::•.·uu\11,Hu, 

--~ -'X-ll.im1tn"h1u1AU 

100 t----··a·c ,._,.~--------------------/ 

£:!. BO t----~-'--"---,-,-''"-<c---"--c----------------1 
""-

----,. . -. ._:: ::::" ~ 
40t--------------------~.....,, 

10 +-------------------------, 

l1.fL2M0 \1.fl.2542 \1.M.2543 t1.tL2M4 

zu.n1'\"l~ 1.2 ll~IJ1'1Pl1l'U~t.l'.1'1\:JU'JJ'el'1 PM10 'JJ'el'1~rnw:i-.Jf1'W'W11.mt'1l'Vli"l:!-JVl1'Wfl'.l' 

i"l.vi.2539-2544 

u~Gh>Fi1lu~u"i1uthrn-> P Ml O~n10-lunuu1.un"{-J\\1WlltnUA"J 
V<.PI, 25392544 

]1oot-----~<.---------------------; 
.El 

.. 
a 
~ 100+------==s......:------'"""-_;_;:,-==-------------7 

n.A.2539 11,A.2541 n.Fl.2542 \1,f'l.2544 

" ' 
iK'1i!w1w~rnwmtruV1Y1t'i"lmntn'tl~mJ1'1~1n1J1 

uruvi1 

1-3 

9'1nfl')1:!-J~1lU'W1'Wm'.l'91J1~1l?lUfl'J1:!-J~1f°lqJ'lJ'el'1 

llf'l~l~'eln1'.l'91J1MJ'Vlfi"lt.l1n'.l'~j'j'eltl'eltl1'1~1fl!J11,X 
"' 

llf'l~ 



., ' 
~1f'1n.J1im1 ffl1Vl'Wf113-J1(?lfn7Wh-.:i7 ~-.:iw-wmfAn131 L~11,j Lm1:::v1~1ti'4Jl1fl3-Jfl~1Wl'J 1f11 (PM 10, PM25 

vi1ti Elemental Carbon) LU'W[?l'J~1f'1t1)~i:lt-iflm:::YlU(?]tl~'lJJl1'\AI 9::'.W11u~n1 'j''J1-.:J llt-l'WL'Wn1'Jfl'JUfl3-.l 

3-Jfln1'J:::tir.l1-.:inu'J:::~Ylin1'\AI llfl::: uf:::~Ylfit-ifl 

., ., ., 
mfAm~nflf-.:iui:lfr,iriuf:::~-.:ifl1-wmf'rj9t1~-.:iw 

' 

2. L ~ti nJfou L Ylt.JUfl'J13-J ~ 3-J~wh:::vi~1-.:iti'WJl1fl3-Jfl~1 fnu5 r,i nm fr,i1t.11-wn N LYl'Y'-13-JVl1'Wfl f 1-w'll<J-.:iu 
' ' 

'\Al.fl.2535-2538 flU'lj'J-.:JU '\Al.fl. 2539-2544 

3. L ~tivi1 fl'J13-J~3-J~'Wfif:::V1~1-.:i f::'.!JlU'lJti-:Jti'4Jl1fl3-J fl ~1 fnuei'r,i f1 n 1 nJ'J tJ J\'1t.1 L ffl f:::uuvi1 tJ L 9 

1.3 'a'Llm.J'l.Jn1'afilnH1 
QJ 

3-Jfl~1 J 1w 'JJ(J]n f-:J LYl'Y'-13-JV11'Wfl mfl:::m3-Jru'"Vlfl 
' 

fl'J13-J ~3-J~'Wfi'j'::'.Vl~1-.:Jlli'3-J1rum 'j'~ 3-J cr~tl'4Jl1fl3-Jfl~1 'j'flU'el (J] 'J1 n1 'j'(,)1t.J l 'Wll(?]fl ::'.'1'W (Dose-response) 

91nu '\Al.fl. 2539 - 2544 lf11t.ll6TI'el(?l'j'1n1'J(?l1tJlf11m'J3-J 'e)(,l'J1n1'J(,)1t.Jl'U'\Al1::'.l'Jfl Ufl::'.'e)(?l'j'1n1'J(?l1t.Jl'W 

~~-.:imtJ 'Wtin91n~if-.:i~~-.:Jt-iflnf:::Y1u'lJti-.:J3-Jfln11:::Y11-.:imn1fli,jti6r,if1mfr,i1t.1L'WLL(?]fl::'.L'\Alfl LLfl::: 

t-iflm:::Ylu1-wui,jfl:::~-w~1-wnf-.:iLYl'Y'-13-JVl1'Wfl'JLLfl:::m3-Jru'"Vlfl Lf11t.1~n~'J'WV1~-.:i9:::Am11vi1t-iflnf:::Y1ui,jti6fJln 
' 

=' .c::l t,, 'L' 

Elemental Carbon ( tl'4Jl1flYl3-J191nf11L 'Tifl) n1'JAnl11flf-.:iw1Ji''J1-.:J llt-l'Wf?l1 LU'Wn1 'JAn111 lf11tJLLU-.:J LU'W 3 
., 

.di I Q./ .:::l 

mffln111t1'eltJf11-.:J'W 

1. n1fAn111 Time - Series 'lJtl-.:J'el1m1mfr,i1t.1 

2. n1JAn111 Panel study 'lJtl-.:Jtl1n1'JU'Jt.lYl1-.:J'J::'.UUV11t.ll9 

3. n 1'JU f:::d'1'Wt-iflm:::Y1uY11-.:i LP!'Jl1~P!1~fJlf 
,J,S 

1-4 



.cJ I '1 !V<V 

1.4 ~~'Vl~1191'J1~~ b!Pl'a'lJ 
I I t,, t,, ti 

~'1Ylf11/?1~19:; 1Ji'frnJ J':; LtJ61lW91nm J''l9tJrit''1-wi:J '1l'1'W 
~ ' 

1 . 1.h:;d}we-ifl'lJMm J'Antl1Y11-n:;u1 /?l'lYlm 1-wm J'Antl1-wnu e-i f!91nm J'Antl1~'W 7 

d o .¾.J~ !r'I ¾.J 
l'Y'ltl/?lfl'11~ L vm1:;~~1'Wn1J''W1e-Jfl91ffl"l'WY1Vl'W'1~1 L'll b'Wfl'Wfl:;'l"l'WYl 

'IJ 

"" <V 
1.5 n11'lJ'a'Vi1'abb ~~n11~ 191n11 

1. flru:;~JhLW'WLf1Nn1J' UJ':ntJuJi'r;itJ~i'1~'l9tJ91nviil'Jm1'W(?]1'17 '1l'1LLt-l'WJJ~~ 1 L/?ltJ 

'lYltJ1~1:Jn1J'~1n1J'ru~'1J 9v'11fl'1mmr~Vl1'lYltJ1~1:J LU'WffrJ9tJVl~nvhviih~1'W 
q q 'IJ 

n1J'u1Vl1J'9/?ln1J'(?]1'17 

2. J':;tJ:;tr;ir11iJl1Lw'Wmwhll(?] l~!limm1mJ 2545 D'1L~!l'W nm!J1f1~ 2546 J"JJ-JlU'W 

J':;tJ:;l'Jfl1 1 U 6 l(Jl!J'W 

1-5 



J,ILULSl?.ttSIT.rtU, ... "' 

&LUl!IU1,11,1.,r.-si,s�kl.,lit.1LtcLe.l!l�1. 

&LU&ruW�LJ,ILlil,1.t.tc&U "' > "' 

Ull!lQIA.lY'fflYl'!HQll,M.N..l'mrtl'.!N ,. ,. ,. 

R�1?.tcrctme.1,1rc&u 

' 

tct.&libt.t.l . ,..,. 
�11,9Ltcl,!,•M,t, &W�LJ,llil,1.M.,,::n,1,1 .. "' >

-

� 

9-�

LnutKnn�0nJ\0n.rtnl'.!nrtl'.!N b\7 " A1'

Llil,1.�tcliUW@.tc&U 

A 

Yl'!llO&UlYM.rtll�N A A\7 b o" 

1,.L.t-1,b 11.�m&L9L�&LUliJLli1,t.� 

·w�

libt.&LUrtn.�11,n.�t.1 l"b� l"b ,& 

ti§ 
�· 
� 
��· 
� 
� 
I

Oll!ltll!ltl!I� 

nJ\on.rtnllnrtl'.!w ,. ,,. ,. 

11.�rt,&L9 L�t-e.&1,t.::&U 

n.t.1,,::1?.,, liLrtlil n.U,t:l-� 

, 

tct.&libt.t.l . ,. -
&W�LJ,ltc&&91il?.Llil,1.t.Lkl.tc > ,. "' 

.. "' 
lLUt-llJ1!1.Q1L!;4�;:rut,i1 � �{!lfnl':111



2.1 'e'l'UJ11Ai1'U~~'el'eHI (Particles) 
q q 

.::-A 
'Lio/lo/I 2 

~'W~:::'el'el--:tlU'W'el'4Jl1flll'lJ'J'W~'elrJ~'elzj1'WmmA (suspended particulate matter) i'.1'1l'W11?1 

~--:tll(,] 0.002 ll.JflJ''e)'W 9'Wn--:t'll'W11?1LvmJn11 500 ll-Jf!J'e)'W lflfil91n~1lVf(7]l-J1nl-11rJ L-ri'W n1W-J1lVI~ 
~ q 

L~mv--i~--:i 91n h--:i--:t1'W'e:lr,i~1V1mrn 'Vl'tll'tlL~mrirJ'Wvl n1rri'e:l~¥1-.:i LU'WiX'W W'W~:::'e:l'e:l--:t~Ln1?191mrri'e:l~¥1--:i q q 

JJ'n9:::i'.1'1J'W1fil1m1,Jzj._:i9::;1JJL·ihvn--:ir:::uuV11rJ19 LL(,]~'W~:::'el'e:l--:t~Ln1?191nn1wn1Vl~L~'t!LV'J~--:t9:::i'.1'1J'W11?1 
,, 

n1r1'filml-l1ru'lJ'e:l--:tW'W~:::'e:l'e:l--:t'W'WL~l-l1'filLU'W 
q total suspended 

t., I I ti -

particulate (TSP) ~'e)l)(?l~'W~::;'e)'e),:j~-.:JVll-lfilYli'.1'tlzj1'WUJ'J't.l1n1A;--:in'1J'W1fil(,]1--:t7 fl'W~'1'1J'W11?1l~n ll~::: 

'1J'W11?1 LVlb1) (,]'e)l-J1 LJi'i'.1n1V1'Wfilf11l-J1(7]J'fl1'Wl)fillU'W~'W~:::'e:lm~i'.1'1J'W11?1 l~n~Vl1rJL9 l'll1 lUlJi' (respirable 

particle) ~i'.1'1J'W1fill~nn11 10 ll-lflJ''tl'W (particulate matter <10 micron = PM10) LfilrJLJ-i~1i1--:in-.:i 
,, 

~1'Wtlr:::n'e:luV11--:tLr1i'.1'1J'e:l--:t~'W~:::'e:l'e:l--:t'W'W (Utell MJ.1993) PM 10 ~1l-11tmLm'W~'tlrJ'elzj1'WmmA1Ji''W1'W 

L-ti'Wn1t 
,, ' 

~ ""' .'"I " 
0 1" "l ~ " ,,i .'I ""'""' LVl~l'JrJ'W'lJ'tl--:tmn1A m:::Ll~~l-1 lu'W(J]'W 9:::Vl1 Vlll'll'J'W~'tlt.l'tl~ L'W'tl1n1A ll?l'W1'Wl-11n'll'W '1'W~::;'e)'e)--:)Vll-J 

'1J'W11?1Lmun11100 ll-lflJ''tl'W 'tl19ll'lJ'J'W~'tlrJ'tltJ1'WUJ'J't.l1n1ALJi'l'~m 2 - 3 'W1Yl ll(,]W'W~:::'el'e:l--:t~i'.1'1J'W1fil 
~ qJ q 

L~nn11 0.5 Ll-lflt'tl'W 'tl19ll'lJ'J'W'e:lzj1'WmmA1Ji''W1'WLU'WU (http//www.pcd.go.th) 

91nn1ri-airn~nn--:tllVlri--:t~l-11'1J'e)-.:J~'W~:::'tl'tl'1L'Wnt--:tLVlV'Jl-JVl1'WflJ''\"lU11 ~'W~--:tU~'"J91nbl'W'WlU'W 

llVlri-.:Jn1l'W1?1~~1f1fk)!J'W(?)U 2 ll~:::91nmtri'tl~¥1--:tlU'W!l'W'11U 3 ll~:::91nmnllU(Jl'J'e:lt.h--:tmn1A91n 

~bl1'W(J]J''"J91)fili--:t 4 mA--:i L'WnNLVlV'Jl-JVl1'WflJ' Lnm11l-J1°rjLm1:::ifV11--:tlfli'.1'l"lU11 'tl'WJl1fl~i'.1'1J'W11?1l~nn11 
q q 

2.5 Ll-lflt'el'W i'.1~l-J191nn1r~'Wfil1tl~1J-i~l-l\jtru11?1mruV'J1:::91nmrJ'Wvl 1'W'llru:::~~'W~:::'el'e:l--:t~i'.1'1J'W11?1 

r:::V111--:i 2.5 LL~::: 10 ll-lflt'tl'W 9:::LU'W~1J''tlW'WVl1Vl~--:tl-1191nn1m1?1t.1'tlrJ'll'e:l--:t'e:l'4Jl1fl'll'W1filLVlb1) (Hagler 

Bailly. 2541 a) 

2.2 ~~ni~'Vl'U"ll'e'l-:i e'.Ju~~'e'l'e'l.:i '9l'e!~"llJ11~ 
q q 

r:::uuV11rJ1r.:ii'.1VtW1~~1f1fk) ~'tlll~mtl~rJ'Wll1'll'tl'eln'fll"l'W ll~:::n1~filll1'llfl1fu'tl'Wll?l'tl'elnl'll(?) 

1~nU'h--:tn1rJ r:::UUV11rJL"lllU'1'tl'tlnlU'W 2 ~'J'W ~'e) ~'J'WU'Wll~:::~'"J'Wri1'1 r:::UUV11rJ1r.:i~'"J'WU'W 

ur:::n'elUJi''"JrJ u1n "ll-ln "l'Wn--:tVl~'tlfilfl'e) ~'J'WJ':::UUVl1rJL"l~'J'Wri1-:iur:::n'e:lUJi''"JrJ Vf~'e)filfl'e) Vf~'e)fil~l-1 
qJ 



Ll?lt.1UniM1,m1t.1r.i:::nnfiln (Built-in mechanisms) ~~1:w1mr.i:::~17ln1J'flU~-.'.lllUfinumi:w~ 

l'LJ1~h-m1t.1 ~1V1t'UnfiLm.1ieNmJV11t.11r.i (Respiratory mechanics) L'WVlfi'Ell?lfltl llfi::'.Vlfi'Ell?lfi:W 

UJ':::nt1ucXr.it.1 mucous glands llfi::'. ciliary cell lll?lfi::: ciliary cell UJ':::nt1ucXr.im~w1t.1 (Celia) ~1'W'".l'W 

d a.,' ~ !:., q.Jo i.l.Jo:v ~ .Ji.I 
:w1n 61l-.:ir.i:::'V'll?l 1untJJ'::::w1ru 1,000 ri-.:i 1,500 flN(?ltJ'W1'Vl l'V'l'El'Vl1Vl'W1'Vl'l.117l'll'".l1-.'.l~-.:illUfinufit1:wmm:w11w 

i1-.:in1t.1 llfi:::r.i:::n1~1?lt1t1n LULl?lt.1n1J'Lt1V11t1n1J'r.i1:w 

,, ,, ,, 
~fi'l.lt1-.:i~wfi:::t1t1-.:i1?1t1~'l.ln1'V'l'W'W 

q q 

,=g l<'V ~ ~ CV 

'l.l'W'Elt.l nufi n:w61l1 (?l'Vl1-.'.I m t.1n1'1"l llfi :::Y11-.:i lfl:W:rit1-.:it1wn1 fl'W'W 
~ q 

~'Wf1::'.'cl'eM~lU'W'e)'W(?]J'1t.ll?l'cli1-.'.ln1t.l ~'cl 'cl\¾n1fl~n~'Vl'ifdJw rnl?l 1cXmi nJ'l?l'nfi'vftn, ammonium 

sulfate (NH4 HSO4) llfi::: letovicite [(NH4)3 (HSO4\] lU'WrJf'W ~1V1fun1J'(?ln~171L'W'Vl1-.'.ll~'WVl1t.lL9 

:nw'clt!flU'l.l'W117l'l.l'cl-.'.l'cl'Wn1fl 'cl'Wn1fl~n'l.l'W117l LVlill lfl'Wn~1 10-15 l:Wf!J'cl'W hl~1:W1nll'LJ1 LUL'WJ'::'.UU 
4J q q (V 

' qq c; 1 

'Vl:W'l.l'W1171 lfinm1 10 1:wm'clw 

. . d CV I J-=:i I • • 

resp1rable particle 61l-.:immr.illU-.'.1(?11:W'l.l'W117l'VllJl:Jn'".l1 mass median aerodynamic diameter 

(MMAD) 1cJi'lU'W 3 ntj:w ~'clntj:w~ 1 n'l.l'W117l 2.5-10 l:Wf!J''cl'W (fon~1 coarse mode fraction lJnr.i:::(?ln 

~17l'cltjL'W'Vl1-.'.ll~'WVl1t.lL9~')'Wfj]'W llf1::'.~r.J'Wnf11-.'.I ntj:w~ 2 n'l.l'W117l 0.5-2.5 l:Wf!J'cl'W (fon~1 fine mode 

fraction ~1:w1mf1-.:i LU(?ln~l?l L'WVlfi'cll?lfi:WU'cll?l'l.l'W117l l~n~r.iwuf11mlf1:::1wri-.:if1:WU'cl171 LrX Ufi:::nfi:w~ 3 
q q 

'l.l'W117ll~nn~1 0.5 l:Wf!J'cl'W (~t.1n~1 smallest particle 9::'.fi'clt.ll'LJ1'cl'cln'Vl1-.'.lf1:WVl1t.lL9(~:Wlnm~ ')-.'.11.1'Vl:W 

2542; nJ':Wfl'JU~:W:Wfiv1112538) 

'cl\¾n1fl~lfl17191nn1J'Ul?l 'ill?ltJ (grinding) L'W~(?l~1Vlnn:wmt1'cl-.:ild lJnr.i:::n'JJ'W1171UJ'::'.:W1ru 3-

1 o L:WflJ''cl'WVl1'cl 1V1ajn~1tl'w ll1?1~1V1fu particle Vl1'cl aerosols ~'cl'cln:w1r.i1nmn~11V1~ Ll?lt.ll'U'V'l1:::1w 

lfl1''cl-.:it.1'W(7]'1.l'cl-.'.lt.l1'W'V'l1Vl'W:::~'cl'cln:W1nu1'cl l~t.l (automobile exhaust) n1J'~UUV11 Vl1'cl mn~1 LV1~ 
~ q 

,, ' 
l~'cll'V'l~-.'.11711-.'.11 lJnr.i:::n'l.l'W1171UJ'::'.:W1ru 0.1-1 l:Wf!J'cl'W ~1Vlt'U aerosols Vln'l.l'W117ll~n 0.001-0.1 

l:Wf!J'cl'W lJnr.i:::nn1J'fl')UlliJ'W (condensation) ~untj:w n'l.l'W117l LVlaj:nw llf1:::lTnr.i:::n'l.l'W117lfl-.'.I~~ 

UJ'::'.:W1ru 0.1 l:Wf!J'cl'W ~1wh-.:i7 lV1r11d9-.:ilJrnoiJ'11tJ1w~r.iw~n'l.l'cl-.'.IJ'::'.UU'Vl1-.'.ll~'WVl1t.lL9LcJi'~(~mnm~ 

'".l-.'.111'Vl:W 2542; Vincent JH. 1990) 
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elu~~'el1N1uunmmr1iltJ~(?J'flhflt~uuv11t119 L'li'W L~nvl'el1J'~f?l9~iJ'el1mtv1'el1JiJ1n~u1u 
' 

1fo~ilmii1ru~'W~~'el'el-:JL'W'el1n1r'IL'Wt~!Ku~-:i Lf?ltlb'u'V'l1~~'W~~'el'el-:J'Jl'W1(?lb~nn~1 10 LilflJ''el'W (PM10) ~ 

ilmt~mt1Y-1u~1n1t~!Ku PM 10 ~-:iii1nn~1 1 oo 1iitfltnfii/~u.ii.(µg/m
3

) 9~vi11~\~nv1'el1J~f?li1 
., 

mmt'itumtuinn~ULL~~y.iu~1tJ~n1t{?]J''J9~iJ'n'rlll1'V'l~'Jtl peak flow ~f?l~-:J vi11*~'el-:11oift11'Jlt11t1 

vl~'elf?l~iJU'eltl~U U'eln91ndu-:1Y-11J~1t~!Ku PM10 ~-:19~ilfl'J14-l~il~Ufil71Jra'{?]J'1n1J'L~tl~'rj(?l'Jj'e},:j~tht1 

L~il~U !K-:i~ Pope LL~~ Dockery (Pope Ill CA. 1992) L~Vl1JVl'J'W•:nu'rj91:J (?)1-:17 'll'el-:i PM 10 Y-11J~1L~'el 
' ., ., 

PM 10 Lrlil~U 10 µg/m
3 

9~vi11*Lflf?ltJ~(?)1-:i7fK-:ii1 
' ., 

ra'(?lt1U'Jt1~'Jt1Ltm~uumtv11t119Lrlii~u 3.4% 
' ., 

~U'Jt1il'el1n1J'vl'el1J'it1JY-1iUL~iJ~U 3% 
' ., 

~U'Jt1vl'el1J~f?l~'el-:ifof?l'JL'i11fo1111utNY-1t111J1~L~iJ~'W 2-3% 
'iJ 

' ., 
,a'{?]J'1U'Jtl~'JtlLJ'fli'J19L~il~U 1.4% 

' ., ., = ,'I 

'e]{?]J'1(?11tlb'V'lil'Jl'W 1 % 

mt~n111tJ~m~V11J'll'el-:i~u~~'el'el-:i1ufl'WUn~Y-11J~1t~!Ku~u~-:i79~yh1* 

clearane ~f?l~-:i LL~~~iJJ'J'rlll1'V'IU'elf?l~-:i1~ 

mucociliary 

t~u1 f?l'rjVJ t11U'elt1 LL(?)L U(?)1-:JUt~ L VI r'ILf?l t1 L 'ilY-11 ~ut~LVI r'i~ il fl'J1 ii L 91ru L~u L(?]VJ1-:i ~1mr1t111'ln9il ~ ~u 19 
., d9 'iJ 

Uf;)Jvl1 L mhdii1 n Lci'el-:i91 nut~~1Jl71JUf;)Jvl14-l~~11 LU'el1 m r'iil1LUUL'J~1U1'W 91 LU'W~'el-:ivl1 LL 'W'JVl1-:i 

LLm 'Jl 

91nmtV11JVl'JUt1t1-:i1umt~n111L~mnutJ~m~V11J'll'el-:i~-w~~'el'el-:i(?)'fl~'llll1Y-11uut~LVlr'i(?)1-:J7 

9'WLnf?lra''W!nJ'1tl'elth-:i 

iu'V'li'W(?)'el~'llll1'V'lvl~1tl flf-:i Lf?ltl L'\,l(?ln1J'nJ!K-:i rnh'J~n9~Ln f?l L'Wf1 f?lvl'W1'J~-:ii'.J'el1mr1LU'Wr.i-:ivi11*il mt 
q 'I .., I 4J 

t,, I I I I 

LtJ1tJ~1ru L~'el LY-1~-:i Lf?ltl L'uY-11 ~ci1u~UL~'el 1 *Ln (?} fl'J14-l'el1J'el'WLL~~Ut~n'el1Jl71Jn1J''Vlil~ll1'V'l'el1n1 r1il-:i ~-:I ., q 

Cfon~1 Temperature inversion LU'Wll1'J~~hlilmtci1mV1'll'el-:i'el1n1r'ILUULvl(?]L*ilmt~~~ii~1t 
' ., ' 

ii~~11L'W'el1n1r1~-:iii1n L'l1'W flf-:iLLrn1utl fl.r'i.1930 'Vl1J1L'Jru~rn'll1 Meuse valley 1-wut~LVlr'ILU~ 

L~tlii il~n11"l'el1mr1Lu-wr111vi11*ut~'ll1mL~tl~'rj(?l 63 flun1t11u 2 ,ru (?)'eliJ11utl f1.r1.194s ~ Lil'el-:i 

Donora 1uii~fjLY-IU"n~'J1 L i1t1 t.lt~LVI r'i~vlfj'flLiJ1m ~-:iy.iuiJii~~11~-:i b'W'el1n1 r1~-:iu~'elt1'el'flnii191n 
., 

U~'el-:iflfu1utN-:i1'W'el(?l~1v1mtii vi11*il~U'Jt1~'Jt1hflt~uuv11t119 LL~~ L~t1~'rj(?liJ1n~'W 1utl fl.r'i. 
q 'iJ 

' ., 
Ln f?l91nn1J''Vl'el1n1 f\vl'W1'J LUU vi11 *ilmt 1-nci1'W~'WLU'WL~'el L'V'l~-:i91U'J'Wil1 n I vi11*n1'1l"D~ L'l"l'elttf?l 
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mm L'Il!?l bb~:;~wf'l:;t1t1~~-m1:;91tJt1tj1wunmmf'llw1:;vi'utfhnru~~w1wn~ 3 iw bUW~f'l 11Xi'.l 

~b~tl;'Jvi:1-nnn~1 4000 fl'W (Logan WPD. 1953) ~11,1fu1w1.h:;b'VlfiL'Vlmrit1i'.lnrn1w~1bn(?1 

mvim mii'.J:hl f'l-Wli 1wmn1fi~~ 1w~1 b11tl bb:ht bl-.11:; ~~Wf (71~ 1u1~zj~ bn (7191nn111-nrhwi:,wf\n 1 wvf 1wn11 ' ~ 

~fivi l~Yh'llt!~ LN 1~~1n111~~1W1tl~fivi bbvl~UJ':;b'Vlfil'Vltl vh 11X'Il1'JU1'W~t1zjmvfo1wulb 'J(WV1~nt11'J 

i'.lmmn ~uu1uJ\'1umn11'llt1~ hm:;uu1,11t119 bU'W91'W'J'W:hl1n bbl?lL:1-li'.J11rn1w~ b~tJ;'lvi (n11fiU f"l11 

u1:;~lij 2533) ~11,1fu1wn r~ b'VlY'l:hl'i,l1'Wf'lj zj~i'.JUr)Jvn 1wJ\'1'Wn119:i'191llY'lU~1i'.J~n1Y'ltl1n1fi~bU'W 

'Wlil?ltl~'ll111'v'lL(711:Ji'JLU (rntl~VlY'ltJ fl1vi:;ut")Jt")J:; 2534 ; 'J'nl:J ve:inY'lf'l1n:i' 2539; ~:hl'nl:J U'J:i'f1vJ5i 2536) 

mh~hnv11:hl~f'l'lltl~:hlf'1'Wli~i'.Jm:hl1ru~~ zj~vh11Xbf1(71~f'1'ilUY'l~'W (acute effect) l?ltl~'ll111Y'l 
t,, I t,, t,, I I 

'lltl--:JUj:;6Il1'Il'W'W'WbU'Wb'i,l~n11ruV1'W1'W7 9:;bf)(?)~'Wflf~,,,n~ bbl?l~11,lful-Jr1'Wlil'Wmn1fi~~nm:hl1ru1:hl 

:hl1n-wnzj~fl'Wb111J\'fut1zjVJnfwm9i'.J~r1 ~ti f~ ( chronic effect) l?ltl~'ll111Y'l'Vl111X bf1(71fl'J1:hlb ~Ul.J'JtJ bbri:; 

b~tJ;'lviLJ\' (Bascom R. et al. 1996) L(?)tlb'ilY'l1:;~u11:Jhr11:;uumm1t119 hr1'1X119 llri:;hrinihl~ 
~ ~ 

(Paden BB.1996; Jirapongsananurak 0.1996) 9:;d'.lwntjm~rn~1J\'frn1wv1111:J91n:hlr1Y1liV1~nfi11 

,:;::l O ,::1t I 1.d~ ~ ~ <V 

1wu fl.fl. 1987 Euler llri:;riru:; Y11mMnli11wn~:hl~m1.JY1:hlmmmr1'e:J(?)f'iJ-J~(?)n'Wl:i'm--:i 

(COPD) lll?ll:hl~uu1,11llri:;Y'lu~1mn11 COPD i'.lm1:hl~:hl~'WTinuwwr1:;'e:J'e:J~ (Euler GL. et al. 1987) 
~ ' ' 

m1An~'ll'e:J--:J Dockery blri:;riru:; llri:;m1~n~'ll'e:J~ Speizer 1wtl 1989 zj~~1m1~n~1'Wl~n 

5,422 fl'W ~~m Portage, Wisconsin; Topeka, Kansas lbri:; Steubenville, Ohio 1wu1:;l'Vlf'l 
,, 

~1,1f~'e:J l:hlln1 Y'lU~1i'.lr111:hl~:hl~'Wfi1:;1,1~1~wwr1:;'e:J'e:J--:J llr1:;mm1 L'e:J (!'elf~ 1,1r1'e:J(?)f'imrrn~u llri:;mm1 
&..i ' 

t,, t,, I 1,, 

lb ww1,1w1'e:J n L(?)tJ r111:hl~:hl~'WTIUi'.J:hl1n~w1wl~ nV1i'.Ju1:;iw1 lU'W t1r11,1'e:JU~(?1 1,11,'e:J lritJi'.Jmm ™1t119 b~rn1 (71 

l'W'e:Jn bbl?lfl'J1:hl~:hl~'Wfij:;1,1~1~~'Wf'1:;t)'e)~f7U~:I-Jjn)Jl1Y'lU'e:J(71 L:hli'.J-wtJ~11"1'1.JYl1~~n51 (Dockery D .1992; 

Speizer F .1989) 

Portiney llri:; Mullahy vhm1~nli1L'W ti fl.fl. 1990 L(711:Jl6n'llm.Jr191n Health Interview 

Survey (HIS) ~~1u1:;~1tl1wd'.J'e:J--:Jl?l1--:!7 l'W~'l,lf~'e:Jl:hllmllr1:;Y'lU~1W'Wf'1:;'e)'e)--:Ji'.Jfl'J1:hl~m~-'WfiflUL:i'fltN 
&..i ' ' 

f-1:1-JLU--:JY'l'e:J--:J (Pulmonary emphyzema) vtf'i'e:J(?)f'i:1-J'C}rn~rni'e:Jf--:i llri:;hrivt'e:JU~(?) (Asthma) (Portiney 

RR.1993) 

91nn11Anli1'll'e:J~ Schwart J, 2000 Samet et al., 2000a, Schwartz and Marcus 1990, 

Pope,et al., 1992 , Dockery et al., 1992 llri:; Xu et al., 1994 Y'lUfl'J1:hl~:hl~'WTimh~i'.J'WtJ~11"1'1JYl1~ 
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., ., 
~n~r:;V1'J1--:J'e)(?Jf1fl1f(?J1rJLt.Jbb[?lfl:;')'Wfl1Jf:;(.i11J'E)~Jl1fll-Jfl~1JL'WLL[?Jfl:;')'WLVlr.ll:,mnr:;viuLVl~1ilr.:i:;LnVl'Vl--:JL'W 

~'W~~iJm1~L'li~'li'W'll't"l--:J't"l'WJ11fl~fl~1~r:;r;i'uL~mnuri1~1(?]t~1wLLfl:;1w~w~~iJri1~1n'J1~1(?]t~1w • u u 

L'WU 1993 Dockery LLfl:;f)ru:; 1JfvhrnrAm11ii--:im1J.-Jl~'W'Wfit:;V1'J1--:Jn1rl~cr~~'Wfl:;'E)'E)._:jfl1J 

~ .4 .Ji' .J-;3 "" "" 'l ~ ""' .J..i ' .J ;;'1 .'I "' • 
'E)(?]f1fl1f(?]1r.l ']j--:J'\l'l'WVlf"lni.11fl'tl 6 L~'tl--:J b'W~VIJ~'tl L~m1Vl~fl1 L'Uflr.lJ1t.l u'll'tl--:Jw'Wfl :;'t}'t]._:J'E)'WJl1fl Lflnn11 u • • 

2.5 l~fltfl'W 1wr:;r;i'u~[?11--:Jn'W LV1t.1Am~nrff._:iu[?JU 197 4 ii--:i 1990 'Vl1rnt~V1(?]1~nrj~f;l'lmh--:iL'\l'l~'ll1r.1 

Ufl:;V1Q1--:J~'J'll1'J~iJmr.1r:;V1'J1--:J 25-7 4 U 'e)(?]f1fl1f(?]1t.l tJr:;J.-11rur.:i1rn'Jfl1~LVlflflfl8'll'tl--:J;~(?] ('J'W(?]1r.l = • ~ 

I V I I 

[?jflur:;'ll1nr 10,000 fl'W[?JflU ;--:iLmr.1rnvlr.1u~wvlvltJr1~r.:i1nJ.-Jfl~11vi1--:imrnl'l 'l"lU'J1~(?]t1mt(?]1rJiJ 

fl'l1J.-Jll-J'W'Wfi (Dockery DW. et al.1993) 

1-wu fl.I"!. 1995 Pope LLfl:;f!ru:; 1Jf J'J1JJ'JJ.-Jfl1tAn111 LLUU Time series ~ LU'WrntAn111ii--:i 

t-iflnr:;viu'll't"l--:J~'Wfl:;'t"lfl--:J[?jfl~J.-Jrm111V'lu't"lV1 LLfl:;MtJ1Jf 'J1t:;(.i11J~'Wfl:;fl't"l--:JiJf!11J.-JlJ.-J-w'W.inurntflV1fl--:J . ' ' 
'll'tl--:J~l-JtnlJl1'\l'lUflVl 1wnrjJ.-JAn111 (Pope C. et al 1995) 

r.:i1nmrAn111'llfl--:J Ostro LLfl:; Chestnuts 1-w Ufl.1'1.1998 ( Ostro B, 1998) 'l"l1J'J1 

L~fl~'-l1tru11wJf1wm1J.-J~ruL~t.lVl1--:JL~J'l.1~nr.:i~LnVl~'WLVlt.lf1VlLU'WfUf,,l'Jl~'W '\l'l1J'J1 'e)(?Jf1 
'l.J Q.," &.3 'iJ 

n1t(?]1t.1rifl'W'Jt.1i'Wfl'lt 1-wtJ r:;'Jl1mi11tJ 

fl Vl fl--:J'll fl--:Jlli'l-J 1 illfl'WJl 1 fl l-J fl~ 1 t 
' 

I t,, I I t,, I I 

o ..i~ 2/ ':'3 'l "" ..i c!! 'l 2'. I ""' 'l "" ..i..i - n1rw1 Concentration-response Vl ,V1r.:i1nmrnn111,'W'\l'l'WVlvl'W--:JJ.-111'llur:;LJ.-J'W ,'W'l"l'WVlVl 

LL(?]n[?11--:inw cr--:i LU'W~nn Lnr.1--:inw 1wnrjJ.-Jwn~'ll1mr'J1r.:i:;~1J.-11m 1'il1Jf V11fl hl ~--:i'Vl11~bJ 

~ 1J.-11 m 1 'If ,Jr:; Lr.l'llt.J'll't"l--:Jt-i flm t~9t.l~'Vl1J.-J1fl81--:JJ.-11nJ.-11t.11 wvi1tJ't"l LJ.-J 1n1 L vl'Wfl 

~'W~~'W7 L~flur:;d:1-wtJr:; Lr.l'lli.J'llfl--:Jfl1ffl'J1JfJl-Jl-JflJl1'):;1w~'W~[?11--:J7 i1 fon 

iJm rAn111n--:ifl11J.-J lJ.-J-wwif r:;V1,j1._:i m f(?]1t.l LL fl :;n 1 tlJ.-J ~~ ~'Wri :;'t"lfl--:J'll'W 1 Vl L~n(P M 10) 1 wvi1tJ 

fl Ll-J 1m L Vl'W'tl uri:;tJ t rtJ (?]:;')'W(?] n~--:J'\l'l1J'J1iJ fl'J1l-J lJ.-J'v'l'Wfifl'W 'Wfl nr.:i1 n~rJ--:J'\l'lUU n nn m JD,J'Vl1'Wfl--:J 

L~mnw 1wtl'El--:i (?11._:i71 wtJ r:;1, Vll'l~n1 ~--:i'v'f m.1w1 rJ\'1w1,~ ttljnr.:i Ll,ri :;l--:iflJ.-J 1, 'Ilw 1-wn i~ 1, Vl'\l'll-JVl1'Wfl r( Ostro 
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B. et al. 1999) Li'.lt1-:1L'll1'Y1Lthfo, un-ilfl (Saldiva et al, 1995), 'Il1'W~LtlLn, =ii~ (Ostro et al, 1996) 

u~:::Li'.lt1-:1Liln-lltn (Loomis et al, 1999; Castillejos et al., 2000) Li'.lt1-:Jb'Il'Wt.J1-:l 1.h:::LVlA~'W (Xu et al 

.2000) Lb~:::Li'.lt1-:ii'.1r.ib"1~ UJ:::LVlA~'Wb~ic.1 ( Cropper et al. 1997) ~-:i1i½i:rnn1JAn111~r1~1r.Jr1~-:in'Wfit1 
I I I I t,, I I t,, 

Lnt1r11 b 'U~r.J 24 'TI') Ll-N'lJtl-:1 PM10 L'Vhl;'W 10 µg/m 
3 

r.i:::i:J-J~'WjjfllJ'e)(,]J1n7Wl1r.J1'Wbb(;l~:::f'W'Vl LlAl:J-J;'W 

1 % ~-:lb1J'Wf1')1:l-Jb~r.J-:j']Jt)-:j'e)(,]J1n7J(?l1r.Jb~r.JUVH~\,i bbfl:::hh..J-:in-:ir1r.i1:J-Ji:J-J~'Wifa:::viri1-:im1:J-JL~r.J-:j']Jt)-:j 

'e){,]J1n7J(?l1r.Jfl1Jn7ti:J-Jtr~t1'W.rl1f1:l-Jfl~1JLU'WJ:::r.J:::br.Jfl1'W1'W 
q 

'Wt1nr..-nnt:-1flnJ:::V1ur.i1n PM10 LL~r.i1'W'llr.i-:1V1~1r.Ju~i:J1'Wrn~'W'JJ'W1"1 2.5 l:J-Jmt1'W 1Ji'tJrn:n:J-J1 

'(A1r.nn1..nn-:iwflrn:::Vl1J[?]t)1JnJVl1~'lJJl1'V'l:l-J1n~'Wn'J1t'.i'W'lJ'W1"11Vlru bCt1-:ir.i1nt'.i'W'lJ'W1"1 2 .5 l:l-Jf1Jtl'W 
CV q q CV q 

~1:l-J1 m i:J1w ·ih ~ ~')'WLb~ n bU ~ r.J'Wm n7 AJ71r.J 1'WUtl"1 tJJ u J:::nt1unut1-:ir1u J:::nt11JVl1-:J bf)jj~ bb(?ln [?11-:Jfl'W 
qJ 

J:::VICJ1-:Jt'.i'W'lJ'W1"1b~nu~:::t'.i'W'lJ'W1"11VlnJ 
q q = 

r.i1nn1JAn111'lJt1-:J Pope 1'WU fl.A.2002 (Arden Pope et al. 2002) 'V'lU'J1 'e)(?lJ1n7J(?l1r.JJi'r.ir.1 
I t,, I I t,, I 

LJf1:J-J:::L1-:iL1Al:J-J;'W 8% Lt1t1 PM2_5 LlAl:J-J;'W 10µg/m
3 

Lb~:::tJ-:J'V'lU'J1 PM25 i:J-J~'Wfifl1Jf1':J1:l-JL~rn(;ltem1nn"1 

)' G i, )' di ~1 
bJf1:l-J::: bJ-:1 bbfl :::m J(?l1r.J"1':Jr.J bJf1 J:::1JUVl~tl"1 bfltl"1Vl':J 9 

r.i1nn1JAn1111'W'5-:in~111J\'uJ:::d"J'WCJ1 dj'el PM 2.5 fl(?)~-:! 1 µg/m
3 

'llr.i-:i~~(,]']Jt)-:Jf)'W (each 

person's life span) r.i:::b~:l-J~'W 1.5-35 '1'W (COM ESP 2001) 

r.i1nn1JAn111'lJt1-:J Raimo 0. et.al. 2002) 'l"IU'J1 PM25 iJr1r.i1:J-Ji:J-J~'Wfinu 

n1nu~t.1'WLLLl~-:J'l.l'el-:JJ:::urnXr.i1r.i 1'Wrni:J-JUJ:::'1l1nn~r.1-:i 
q 

r.i1nn1JAn111'lJt1-:J Sesana G. et..al. 2001 

'e)vlJ1n7J(?l1t.l:J-J1nnri1 PM10 Lcit1-:ir.i1n PM25 ~1:J-J1nlb'ihtu1'WJ:::UUVl1r.Jl9lJi':J-J1nnri1 bb~::: 

'B-:ir1uJ:::nt1uV11-:1Lr1iJ~[?]1-:Jn'WJ:::V1ri1-:i PM25 LL~::: PM10 

91nfl1JAn1.t1'lJtl-:J Pekkanen J. (http://www.klt.fe/sytty/abstract/pekka1 .htm) 'l"IU'J1 PM25 

iJm1:J-Ji:J-J~'Wfi numrn"1fl-l'lJtl-:J Heart rate variability indices L"1r.Jb'U'V'l1:::1'Wntj:J-Jr1'W~LJJ1J\'1im 

beta blocker bbfl:::tJ-:JV'IUf1':J1:J-Ji:J-J~'Wfi l'Wn7J increased epithelial barrier permeability 1'WUtl"1 
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., 
r.nn i:-i~m tArn.:t1(,]1--17 l ~f'l 10~--1ri'fl 1,X liicm.J t:::l~'Wfl1m:w~1 ~ m'Wm m!fl run1'V'lmn1"'11'W 

U991.J'W~--1i'.Jn1wn19,Y(;]~f1'fl'W'n1--1~:wum!l111iXi'.l-if'fl11~:w1nl-W1:N'V'l'flL'WmtAm119:::rJ'--1fN'V'l1J 
q ~ ~ 

m1:wiuif'Wfifl1Jfl(?]t1n1wn1:.11'WnNlYl'V'l:W~1'Wfln~tl'fl'WL'Wn1tArn.11'1J'fl--l Ostro et.al. L'WU fl."'1. 1999 
q 

,., ' ' 
~1'fl hJ 'W'fln91n01'W'D'J'1 3 UY1~1'W:W1~'1 lfl(;]fl1'J:::tm11;1n9ri!?lrl'fl\:.lbl~:::~--1i:-i~ 11Xnr·mn:W(,]1'17 l'TI'Wn1i 

ll'el~t1'1~!?1~'1 (?]~'fl!?l9'Wtl'1n1i9i19f~l1J11J1'1~'1 9:::;~--1t:-J~(,]'fl'f)(?]j1n1j(?]1\:J'flt11'1lrn~:::m:w1run1i 

i:w~~(,]'el'fl\¾fl1fl:W~~1j~f:::rJ11Jl!?1~~'1t:-1~nt:::YJ1J[,]t)~'JJ[l1'\"i ~'1t:-!~~1~91nn1iAn111flf--1du19:::;(?]t)1J 
,., 

fl1n1:W l m,hOt~~ ll~:::tJ--1 lU'Wlh::: L\:.l'JlW(,]tln1iW1t:-J~ 1u1'Dl'Wn1i'J1'1'W 't1:.1u1m:::r,;i'rn_h::: lYlf1~')\:.I 

1Ji'v11n1iAn111i:-i~ni:::Yl1J'JJ'el'1Ub].J~1~'W~:::tJ'fl'1'1J'W1!?ll~n (PM10) (,]'fl'fl1n1iYl1'1i:::1JU~1\:.IL9'1J'el'1l~n 

trnCfo'WL'Wni-:JlYl'V'l:W~1'Wm m1:.1 7-12 ti L(;]mtu--1n1iAnB1tt!'W 2 ~'J'Wfltl n1iAn111ttuun1r1f;l!?l'1J'J1-:i 
q q 

(Cross-sectional study) ll~:::ll1J1J!Uf;l!?1Yl1-:J\:.11'J (Longitudinal study) ('W'WYl'Jiiru 19(?]i'J1Yln1i 

2538) 

~ ' 'l .di "' ~ .,. 'l <;' .,. .J.,. 
~~n1iflnl11'V'l1J'J1'fl1n1iYl1'1 i:::1J1J~1\:.I b"'llntlUVJnmmi'JJ'el-:J l!?ln'Wrn jl:J'W b'W bN l jl:J'WYJ:W PM 10 

tJzjl'Wi:::rJ11J~--lll~:::tl1'Wn~1--1i'.J'5(?Ji11n~--1n~1 LN~l:.l'W~i'.J PM 10 tJzjl'Wi:::r,;i'u~1 'Wtln"'l1ndtT--1'V'lu~1 

'fl1n1iYl1'1i:::1J1J~1\:.ll9i'.lfl'J1:Wi:W~'Wfifl1Jlli':W1ru PM10 L(?l\:J'f)(?]j1n1nn(;]tl1n1i'Vl1'1i:::1JU~1\:.ll9~'W~-:J 
' ., 

(?]1:Will':W1ru PM10 l'Wll(,]~:::,r'W l'W'1'WY1i'.Jm:w1ru PM10 ~'1 'f)(?]i1rnnn!?ltl1n1iYl1'1i:::1J1J~1\:.ll9~'1;'W(?]1:W 

ll~:::l'W'1'W~m:w1ru PM10 ~!?1~'1 'f)(?]i1n1nn!?lmn1iYl1'1i:::1J1J~1\:.ll9fl~(;]~-:Jl'TI'Wl~mn'W ll(,]lli':W1ru 

PM 10 hii'.Jm1:wi:w~'Wifnu~:wnrin1'V'lUtl!?l (PEFR) 

., ' 
miAnB1'1JtJ-:J!?li.'W'WYl'Jnru 19(?]i'J1Yln1i lt~:::r1ru::: 'V'l.f1. 2537-2543 L'WYl'WY1An111~1u-rnuJJ 

t:w1::: ~--1~,r(;]~1tl1--1 ~-:ittl'W~~'1'1Jtl'1Li-:i1wvh'V'l~-:Jfl'J1:Wttl'W ~-:i1-ift~tll'V'l~'1~'J'Wlml) fltl ri1'W~'W~i'.J 
t,, I I I 

m:w1ruimv1ltJfo-:J(ttl\:.I~::: 2-3) llli'\:.11JlYl\:.11Jfl1JYl'WYlfl'J1Jfl:W ~11JltlltltJ-:i ~1 IJltl ttltJ'1U1'W ~'1 lU'Wll~~--lYl 
~ q 

,., ' 
tli1f191n:w~~11 4'!lllfl1J'ntl¾J~L'Wntj:w'TI11:.1 ~n)--1 ~1'W'J'WUi::::W'1ru 5,ooo fl'WL'WYl'WY1An111 lt~::: 2,000 

fl'W l'W~'W~fl'JUfl:W An111n--1f111:wi:w~'Wfii:::~~1-:i:w ~~J.1 l'WtJ1n1f1~Ui:::ntJu~11:.1-n~ l'Wtl ft!lltJtJ n l'll ~ 
q 
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d( all O 'l !.J ..:::it, 0 I ") I c:,I ,J iJ CV ,.11 J .q 
'W1'W9~:J.J c.J~'Vl1 b mn (?l n1 :i''Vl1 ~1 ti (Wel:i':::UlJ't,11tl b 9'eltl1~ n1'l:i' bb~ :::'el199 ::::J.J A'l1mn tl'l'1l'el~ ffl.J i;.i'W'Vl :J.Jfl1'l::: 

' 
bU'Wn:i'(?lbti'el~91n S02 ~'eltjL'W'el1n11'lbb1h~n1'V'ln~1t1bU'Wn:i'(?lsft'mpr-1bb~:::'Yhtlfimmnu'el'{fl1A:J.J~ 

~1:r~LL'l'W~'elt1'elt1L'W'el1n11-1n~1t1Ltl'W~'W~iln1'l:::Ltl'WnJ'(?l Ld'el,,,1t11r.iL'el1~'WdL·ih1tl'El1r.ir.i:::1tl'Y11~1t1 .. ' ' 

1-wu 'V'l.1-1. 2541 1~ilm:r~n111'1l'el~fi'W1A1:i'b~n b(?lt1u1,;''Vl Hagler Bailly ~,,,f~'elb:J.J1m 

m:J.J A'lU A:J.J:J.J~~11 m:::'Vl:r'l~~'Vlt111-11~ (?If L 'Vl r-i t-wt~u LL~:::~~ LL'l (?l~'el:J.J LL~:::~'Vlt11it1 m :r~1n1:rru~'ll 
' ' 

~'llfl1'V'l ~~i'.l:r:::~UA'l1:J.J!'WbbNLn~b~tl~flU~'V'lUb'Wn1:i'~n111~bn'el~(?11~ 1 i'lfan bb~::::r:::~U'1l'el~ PM10 

1 'WnN b'Vl'V'l:J.J't,11'WA:i' L'WU991J'W'el19'Yl1 L ~ii A'WL 'Wn:i'~ b'Vl'V'l:J.J't,11'WA:i'(?l1tlf1'el'Wb'l~1'el'WA'l:i'91nn1J'imr~nu 
' ' ' 

r-i-w) LL~:::mn·ihfum:rfom(Yl'l 1-w bN'V'lt11u1~ Lti'el~r.i1nn1n9uu'lt1~'lt1b:rfl:r:::uu,,,1t11r.i LL~::: hr-i:r:::uu 

,,,~'el(?JL~'el(?l~'l1r.i~~~md'el:r:::~u PM 10 ~~~'W LL~:::~-w~~ilfl'l1mL(?]n(?]1~'1l'el~:r:::~u PM 10 :r1t11''W:J.J1n7 

(tl:r::::J.J1ru 180 :J.JAn./~U.:J.J) b"1!'WL'W"1!'l~9~,,,'W1'l r.i:::Y111~rvm1j~H'b'l~1~'l'WL't,1aj'eltj1-wu1L'lru~hl 

ilLA1'el~UfU'el1n11'1 bd'elimr~nu~'W~:::'el'el~b'Wm:J.J1ru~~~ 3Jb'eln1~~r.i:::il'el1n1n;t1U'V'li'W'Vl1~ ' .. 

2.3 fHUJ1TVnnn1 Ai. 'Wn'i•:ib 'Vl'VU..JVl1'U~'i 
q q 

t., It., t, 

nN b'Vl'V'l:J.J't,11'WA:i' ~'el d'.l'el~,,,m~'ll'el~tl:r:::b'Vll'll'Vltl iJyjuvhr~~'W 1568. 7 4 (?11:i''Nnb~b:J.J(?l:i' 91n 
' 

Y111 ~ nN L 'Vl'V'l:J.J't,11'WA m~ 1t1 LU'Wl'l'W u J''l:J.J'1l'el~ nr.i m:r:J.JV11~ Ll'l:r11~nr.i 
' .. d.9 

t, 

1' ~'Wn:r:rmL~ :::m :ru1',,,1 :r ~~'W'W m~ L 'Vl'V'l :J.J't,11'Wfl:i' 9~ LU'Wl'l'WtJ n ~1~ A'l 1 m r.i 1ru'1l'el~n1 r-i n~1~ LL~ :::'ll'el~ ' .. ~ 

t,, I t,, I I I 

i~tl:r:::L'Vll'I LLe-J'W'VlLL~(?l~yj'W'Vlb'1l(?lnNL'Vl'V'l:J.J't,11'Wfl:r ;~i'.J91'W'l'W 50 L'll(?] LL~(?l~t'Jl-w:rtln1'V'l'Vl 2.1 1-wu ' .. ., 
'V'l.1-1.2544 tl:r:::'n1mi~,,,:J.J(?lb'WL'1l(?lnNL'Vl'V'l:J.J't,11'Wr-i:ri'.J91-w'l'W 5.7 ~1-wr-1-w 1-w-ri'l~U'V'l.1-1.2530-2543 1~ 

' t., It., 1 i-' t,, I,., 

iln1:r~(?l~~'1l'el~tl:r:::'1i1n:r1m'1l(?lyj'W'Vli'W1'W LL~:::n1n~:J.J~'W'1l'el~tl:r:::'1i1m1-wL'1l(?lyj'W'Vliun~1~ m:r~~'W1 
., t, 

bn'el~ bb~ :::m :i''1l ti 1 ti (Yl'J'Vl1~ ~1'W'el (?1~1'1,1 n:i':i':J.J b 'Wb '1l (?In Nb 'Vl'V'l:J.J'l,11'Wfl J' 1~ bfl (?l~'W'eltl1~:i''l (?l b;'l'WU ~~ bb(?]U 
' ' I t,, I t,, 

'V'l.1-1.2503 mn~:J.J~'W'1l'el~tl:r:::'1i1m L'W'el~:J.J1r.i1nn1J'~~-w1 bAN~t1~yju~1-w L"1!'W tr-1:r~·1hm1-w-w m:r 

~~u1'eli~,,,11:J.J'Vlf'V'lu n1n~:J.J:J.J~r11~~-w bb~:::n1:r'llt11tl(Yl'J'V11~L1-1:r11~nr.i 'Yl11~~-w~:r'elrn'1l(?ln:i'~b'Vl'V'l 
.. d.9 ' 

t,, I I 11 

'1ltl1tl'el'elnd'.J-wyj'W'Vlbn'el~ fl'el L~bfl(?]Utl.]'l,11 'Vl1~~~bb'l(?l~'el:J.J(?11~1 b"1!'W :J.J~~11'Vl1~'el1n11'! :J.J~~11'Vl1~U1 
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' 
U(kjvl1'lJ't)-:JLvl~'J'lJ't)-:JL~-t.J'e)Wf?lf1t.lf?l1-:!7 

nNL'Vl'Y'l:!-lvl1Wflt 2544) 

( t1m1w~mwmrn1fln.J1l1'Y'l~-:i LL r;ir;i~'t):l-J'lJ't)-:J 

q 

1Wf?11W'lJ't)-:):!-Jfl~'jj'V]1-:J't)1n1A LLvlf'l-:Jfl1L'Wr;):l-Jfl~'jj'V]1-:JmmA~~1'"1(kj'lJ't)-:Jni-:iL'Vl'Y'l:!-lvl1Wflt ~ti 

t.l1W'Y'l1vlW~ ~wriww lN-:J1W'Qf?l~1vlmm bLfl~lNl~~1 r.nn~ri~n1f9r;)'Vl~LUt.JWn1t.JWr;J 'Y'IU<J11wu 

'Y'I.A.2545 mt.JWf?l1WL'llf?lni-:iL'Vl'Y'l:!-lvl1Wmi:l~1wr;iw 5.4 ~1Wf"1W 91n~1wr;iwmvY-:iv1:1-Jr;i1w1h~L'VlA 24.5 
I I t,, I t,, 

~1Wf1W ~-:iL~:1-J;Wf1r;JLUw¥1mf!~ 52.13 91nu'Y'I.A.2539 mn~:1-J;W'llt1-:im 1uL'llf?1n?-:JL'Vl'Y'l:!-lvl1Wm 

n1 ti:lmw'Y'l1vlW~~ 1W'JW:!-J1 n LLfl ~m J9 J19 J~ ~r;)'ll r;) ~-:Jt-1 fin J~'YlU ?WLL Nf?ltl fl nJJl.1'Y'l't)1 m A1w 

ni-:iL'Yl'Y'l:!-lvl1Wflt 91nmt~n'jj1'lJt1-:Jm:1-Jmt'llw~-:iV11-:iun'Y'lu<J1 mt.1Wr;J'lJW1r;iL~mJf'it1t.1:1-Jfl~'jj'\,l~n ~ti 

co (79%) bbfl~ HC (64%) ~'JW:1-Jfl~'jjvl~n~uf'it1t.1t1t1n:1-J191mriuttVJnmrrnbfl~mr.rn1mwt.1wr;f ~ti 

NOX (61 %) Lbfl~ PM 10 (48%) f?11:1-Ji11/?lu PM 10 9r;JLUW:!-lfl~'jjvl~n'll·Mni-:ib'Vl'Y'l'llt1-:ini-:1L'Vl'Y'l:1-Jvl1wm 

,, ' ' 
(?J-:JLLf?lU'Y'I.A.2536-2543 rJ-:Jflt11wt~CflUYhnW:!-l1f?1l'v1W (120µg/m

3
) /?l-:Jl'U1l1'Y'IYl 2.2 ., ..., ., 

1 w t~/?lu~-:i Lnwn<J1 fi1:1-J1 f?l 1v1w:1-J1 n ~-:i Lnr;i:nwL ilfl-:191nm n ~:1-J:nw'llt1-:i~1 tu t~nflu~w'Vl 1-rh~ L v1t.1~1t.1 ., ..., 
I t,, t,, I 

(VOC) Lbfl~LWlf?lJL9WflflnL'Il(j) (NOx) ~-:i~11'1'1-:i~t1-:i1h~L11V1ULUWY1:1-J1'llt1-:in1'Illfll'DWfl1u~nu~111'Y'I 

11i:imn1A bUW~1 Lvlf?l'llfl-:Jn1JL~:!-JJ~/?lU~-:J~r;)'lJfl-:Jll1'Illfl l'DW1w~w~ djfl-:i~mn~fl:1-l 
4J q 4J q 4J 

~1v1fun1'Ilf11fuflWlr;Jflfln l'I)(j) (CO2) i:lmtflr;Jfl,lfl81-:J~J1 b~:1-lflflth-:Jf?lfl Lilfl-:i bbfl~f11 L 'U~t.Jfltj 

1wt~/?lU~~1n11fi1:1-J1f?ltv1W:1-J1f?1flflr;J ..., 

' ,, ' 
lr;Jt.J~tu ~ri1wm trufln.J1l1'Y'lmmA1wm-:i b'Vl'Y'l:!-lvl1Wmi:l LbW'J l'W:1-JYl~;w ~fl:1-lfl~'jjY] lUW 

q q q 

uruv11 ~fl PM 10 i:lfi1L'U~t.111t.1iw~~r;if!-:i ~r;iw:1-Jfl~'jj(?l'J~W7nfltj1wt~/?lu~~1n<J1:1-J1f?ltj1WfltjLL~r;i 
t,, t,, I I 

-0'-:iuLUWt-ifl LUfl-:J:1-J191n:1-J1f?1m1tf?l1-:17 1wmtmUfl:!-l:!-lfl~'jj lr;Jt.J L 'U'Y'l1~1wL1fl-:i'llfl-:J~Wfl~flt1-:i 
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d 
'U'Vl'Vl 3 

n1'ifirn'M1 Time Series "ll'el-:l'elU1'i1n1'iui1~ 

n1':i'~mn Time-Series 'lJ'El~'f1[?)':i'1n1':i'[?l1tlbU'Wn1':i'~n111b~!l[?l':i''J'"l~'ElUfl'J1:l-Ji:W~Uif'l:::V1~1~ 

n1ntJ~t1UbbU'Z'l~'lJ'El~ ~'W'Z'l:::'El'El~'lJ'W1 !?l b~n(PM 10)1mL~'Z'l:::tJ'Wll'lJ91'W'J'Wn1':i'[?l1t11 Wb~'Z'l:::1''W1 uni~ b'Vl~­

:WVl1'Wfl':i' b1?1t11-if-if!l:i.J'Z'ln1':i'[?l1tl91rnhwn'Vl:::bi:lt1'W':i'111!)f bb'Z'l:::-if'El:i.J'Z'lfJnJJl1~'El1n1~91nm:wmurJ:W 

:l-J'Z'l~'l1 m:::'Vl':i''J~'Vlf~mmn':i'':i':l-J'll1 ~ bb'Z'l:::~~ bb'J !?l~'El:l-J bb'Z'l:::-if'El:W'Z'l'El [?l'Wtl:l-J1'Vltl1 91nn':i':l-J'El [?l'Wtl:l-J1'Vltl1 
'U q q q , 

m:::'Vl':i"J~fl:l-J'W1fl:l-J ~~n1':i'~n111~~fl'J1:Wi:l-J~'Wif'lJ'El~ PM10 fl'l.Jn1':i'[?l1tl'lJ'El~fl'W1'Wnt~b'Vl~:l-JVl1'Wfl'j' 1~ 
,, 

bflt1nn1':i''VJ1n1':i'~n1111'WlUbb'lJ'lJ'w1'WU ~-~- 2539 b1?1t11-if-if'El¾!'Z'l1'W'li'J~U ~-~- 2535-2538 ~U~1n1':i' 

imY~nU PM 10 nm1:wi:1-J~'Wfifl'l.Jn1':i'[?l1tl'lJ'El~flU1'Wnt~b'Vl~:l-JVl1'Wfl':i' ( Ostro B et al., 1999) bb~1'W 
!, !, I 

n1':i'~n'l11 flf~tl''WntfrlJVl1 blltl'Jll'l.J fl'J1:l-J fl'j"jjtl'J'W'lJ'El~-if'El:i.J'Z'l PM 10 bb'Z'l:::-if'El:i.J'Z'l n1':i'[?l1t11Ubb~'Z'l:::1'u 'Yl11 ~ 

~'El~U':i'::::l-J1nJrl1 PM10 r.i1nr11V1~'W1it1 (visibility) bb'Z'l:::iU'W'l1j1U~1-ir'El¾!'Z'ln1':i'[?l1tlnfl'J1:l-J~!?l~'Z'l1!?11U 
,, 

n1n1t1~1'W1 'W'l.J1~'11'J~ b'J'Z'l1 bU'Wb'Vf [?l 1m~~1:l-J1n1 H'-if 'El:W'Z'l n1':i'[?l1 tll~'Vl~Vl:l-J I?] 1 'W'll ru:::b~tl'J 17Uill':l-J1 ru 
' 'lJ 

!, I !, 

PM 101'Wm~ b'Vl~:WVl1'Wfl':i' ru. 'li'J~ b'J'Z'l1tl''W 'Elci1 'W':i'::;l?lU'Vl bf1'W:l-J1[?)':i'~1'W':i'1t1Ubb'Z'l:::~~ n~1 ru. ur.ir.iuu-w 
q 41 dS 'ti 'I 

,, ,, 
1 'Wm ':i'~ n111 flf~-wn-if 'El:w 'Z'l PM A'El'W-if 1~~ :wumf r.i1 nn1':i'[?l ':i''J91' !?l'll'El~ m:w fl'JU fl:l-J:l-J'Z'l~'l1 

. 'lJ 10 'lJ , 

m::;'Vl ':i''J~'Vl f~ tl1 n':i'fi':i'':i':l-J'Jl1 ~ bb'Z'l ::;~~ bb 'J !?l~'El:l-J ~~n~ fl1'W[?) ':i"J91' !?l ~~!lcii'J nN b 'Vl~:l-JVl1'Wfl':i' bb'Z'l :::-if 'El:W 'Z'l 
'lJ ' 'lJ 

I,, I ii t,, !,I I I 

b'El~ 1?1~tl''W-ifm-J'Z'l'Vl1-nl'Wn1fjbfl':i'1:::iflf~{19~r1'El'W-ir1~fl':i'Ut1'J'Wn~1n1':i'~n111flf~'Vl~1u:w1 U':i'~bti'll'W'Vll~ 
'lJ ,, ,, 

91nn1':i'1 bfl':i'1 :::i-if 'El:W'Z'l'lJ'El~ m~ b 'Vl~:l-JVl1'Wfl'j' 1'Wflf~'W9~ntJ':i'::: btl'Jl'W'El~1~U'Eltl~1:l-JU':i':::n1':i' ~'El 1) tl'n19tl 
'lJ ' 

I !, 

~1:w1rnm'Jr.i~'ElUL~~1t-.1'Z'l'lJ'El~n1':i'i:w~~ PM 10 ~'Eln1':i'[?l1tl'Vl~u1u'Elmln1bV1'W'Elbb'Z'l::;1:J'btJ[?]::;,ru[?lntl'u 

2) 
I !, I 

n1':i'~n1111'Wm~b'Vl~:l-JVl1'Wfl':i'nfl'J1:l-J~1Aru:W1nb'W'El~91nn~111~!l1n1~bb'lJ'lJ~'El'W~'W ;~~1~r.i1n ' ~ 
l I I t,, I I I I 

.dl .dl =Ht i.1-c::I ~ 1 -=I -=l Q.,' '!3 1 ~ -=l.c::l.c::I .c:::I I Q.,' .::I G' .:::9; 

b:l-J'El~'El'W7'Vl b!?l:I-Jn1':i'l"ln'l11 'W'EJ!?l[?l'Vl:l-Jnl"ln'l11 'W~U'Vl'Vl:l-J9~n1'Z'l'Vlbb[?lnm~n'W bb'Z'l::::W'EJ1n1~VIU1'Jbt1U'D~ 
I !, 

bU'W'l1'J~ b'J'Z'l1'Vl ~nr.i::;~u b':i'fl~ 1?1b;'El'Vl1~':i'::;uuV11t11r.i Y111 ~bn1?1fi1 m:w~1 t-.i'Z'l n1':i'~n1111~fu:a'Vlfi~'Z'lr.i1 n 

n1':i'1bfl':i'1~it-.i'Z'l'll'El~:1-J'Z'l~"11'Vl1~'El1n1~1u 

bi'.l!l~~1~n'El1n1~Vl'W1'Jbfil'Wbb'Z'l:::9~n1'Z'l'"1'El'W-ir1~fl~~9~'11'JtlU':i'~b~'W:a'Vlfi~'Z'l91nU9~tl'Vl1~~1u9~n1'Z'l 

~'Elt-.i'Z'ln1':i'~m~n1'W'El~(Pl 3) ur.iiu'Wm:w1ru PM 10 1'Wni~b'Vl~:WVl1'Wfl':i''Z'l!?l'Z'l~bil'El~r.i1nur.i~t1[911~7 b'llu 
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J71'l:::mrn '91'1'elt.l"ll'e1'l Lfill:i'Mliinroi n1:i'L~:J.Jin (?l:i'n1:i' 1 im1:r~ '91~:J.J'WML'W'el1n1 fillb'Wn:i'"l L'Vl'V'l:J.JVl1'Wfl:i'"1~"1 zj\) 
di) ' 

'el19~'1 em b ~ Ln '91n1:i'~ '91~'1"1l'el'1 e.J~ n:r:::'VlU !?J'el~"ll.171'V'I L rl'el'191 n:J.J~'WM'Vl1'1'el1 n1 fill IP1'l 1:.1 ~"li!'Wfl ru:::0r.fo9,:i 

1wj Lfl:r1:::'1f-1f 'el:J.J~ 1-wnN L 'Vl'V'l:J.JVl1'Wm 1 -w-Ji1'1tl 'V'I. fill. 2539 t1'1 2544 
" ' 

""-""i w5 V 

3.1 'Jfin1'abn'lJ"ll'elaJ~ 
cu 

., 
m:r~n111i11-if-if'el:J.J~m:rmm'tl'V'l1:::uflfl~1-wnNL'Vl'V'l:J.JVl1'Wfl:r ti 'V'l.fill.2539-2544 LU'W 

" ' ' ., ' 
:r1t.11''W b 'W"n'WLL:i'n LIP1"11'el"ll'el:J.J~91n ~1Un'W fou1mL~:::LLe.J'W n:r:::'Vl:i"l-:J~1fi1:i'ru~"ll ;-:in\if1'W"ll'el:J.J~:J.J191 n 

'lJ q ~ 'lJ 

~1un'Vl:::L1Jt.l'W:i'1M!)-f n:r:::'Vl:i''l'1:J.JV11'91l'Vl\'.J 91nn1:i'(?l:i"l9~'elU"ll'el¾!~'V'IU~191'W'l'Wn1:i'(?l11:JU1-:J6Jj'),:jL'l~1 
' ., 

:r:::V1~1'1tl 'V'I. fill. 2539-2541 mroin fl'l1:J.J fl~1'91 Lfl~'el'W 9'1 LIP1"11'elfl'l1:J.Ji'l:J.J;J'el LUt1'1~1Un_'11'WL "11 (?li-:J 50 

L "11 (?I 1-wni"l L 'Vl'V'l:J.JV11'Wfl:i' L~'el"ll'el~U fl'W"ll'el¾!~n1:i'[?l1\'.J91n'Vli1'1~'el 1u¼'rnL9'1n1:i'(?l11:.1 b'91\'.Jn1:r~-:i L91V1ii1~ 

~-:i1ur.i'9lu'Wvin-if'el:J.J~ [?11:J.J LLUU~'el-f:J.J (L'eln~1:r1-wn1fle.J'W'ln) LL~::::J.J1~-:i:r1X~t:rfl~1n~(?l1:J.Jr1ij'el 1co1 o 
" " 

(International statistical Classification of Diseases and Related health problems) roi1m!'W9-:J 

U1:J.J1U'Wvin1-w:r:::UUfl'el:J.J~'lL!?l'el-f b'911'.JL-ifturnm:J.J Epidata b'91\'.Jn1:i'b~~-:JU'Wvin-if'el:J.J~ 2 :i''elU LL~'l 
" 

tl1:J.J1 !?l:i''l9MlU fl'l1:J.Jnn ~'el"l"ll'El-:J"ll'el:J.J~ Lri'El 1~-if 'El:J.J~~ml1-w:r:::uu fl'el:J.J~'l L!?l'el-fL1t.1u~'elt.1 LL~'l 9,:iu1 
;] 'lJ 41 'lJ 

I ~ I ~ 

°1l'el¾j~~1~i-:JVl:J.J'9l~l~91ffn-:J~'el'1LLVl~-:J:J.J1:i''l:J.Jfl'W~?U91'W'l'W~(?l11:Jb'WLL(?]~:::1''W b'91\'.J91LL'Wnn1:i'!?l1\'.J!?l1:J.J 

.J -=' .J 2.1 <V CV Q/~ 

~1LVl!?Jn1:i'!?l11:.l'Vl'el199::::J.Jfl'l1:J.JLn\'.J'l"ll'el-:Jnum:r-K:J.Je.i~ PM 10 '91'1'W 

1) b:i'fl:i':::UUVl~'el'91L~'el'911X'l191-if:r,X~ 100 - 179 

2) b:i'fl:i':::UUV111:Jb9 b6n:i''M~ JOO - J99 

3) b:i'flLU1Vl'l1'W 1-n:r,X~ E10 - E14 

4) 'elU'11LV1(?)LL~:::n1:rih(?l'l(?l1\'.J 1-if:r,X~ V01-Y899 
' ' 

., 
'W'el nroi1 ni1t1'1 L~ ~ :ru91-w1-we'.f !?l1 t.1 L 'WLL(?]~ :::1'uLLl'.l n !?l1 :J.J L 'V'I fill6Jl1 t.1 LL~ :::V1ru'1 LL~ :::9 '9ln~:J.J-n 'el :J.J~ 

q 'lJ QI q 'lJ ., 
O I Q/ .::I 

91LL'Wnm:J.J'el1~!?l1'11 '91'1'W 

1) 'fl11:.1~1n~1 6 ti 
' 

2) 'el11:J 6 - 18 ti 
' 

3) 'el11:J 19 - 50 ti 
' 

4) 'el1t.1>sotl 
' 
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~ . 

r.nnmrnnr.i~'flU"ll'fl:W~LU'fl..:!191UL!?ltmnrJ1,1,~1?1..:i91u'lumwrn.111u,fu911,1,un1?11:w~11,V11?1m1mu 
'II , 

~ I 

'V'IU~1ij fl'l1:We1 "1Un~"ll'el..:!91U'lUn1:i'l?l1mn !?l~U:i'~'Vl~1..:!'n'el~~ bU'l!'l..:!191'1.,! ('V'I. Pl 2539-2541) YJL~r.i1nm1 

r.i1?1uuvinr.nnlrn1,~..:im11?111:J 1,1,~~-if'fl:w~-rl'l..:i'Vli..:i ('V'I.Pl 2540-2542) ~1~r.i1nm~'Vl1'l..:i~1n11ru~"ll tm1 
'IJ , 

r.i1nm~'Vl:i"l..:!~1fi1:i'nl~"ll:W1n'flrl1..:!~"1Un~ n..:imlo:i~LUU'n'el~~l?l1..:!'l!'l..:!l,'l~1flUn1:i'l?l11:J:i'11:J'J'W"ll'el..:!fl'W 
' ~ ~ 

nt..:JL'Vl'V'l:W'Vl1Ufl:i'nhlfl'l:i'9~ijn1:i'LU~l:J'l.,!1,l,U~..:!3-l1nm1:JL'l!UUU iuil11~1U~1fl'l1:W~"1Un~il'fl199~1,f1!?) 

91 nUru'Vl1n1:i' b ~:i'i~~1 L'Vll?l n1:i'1?111:J ~..:!'el19 LUULUL~~ 1 b"ll'Vli mnru6Ylb:iJ L'VliJ'flUflU 'V11'f1Lf1 !?191n fl'l13-J 
~ , 

~ ~ ~ 

~!?l'V'l~1"1"1l'el..:!~~..:J:i'i~L'el..:! ~..:!UUn1:i"}Lfl:i'1~vfflf..:!tJ.9..:JL:iJ~1:W1:i''191LLUnn1:i'l?l11:Jl?l1:W~1L'Vll?ln1:i'l?l11:J91n 
'IJ , 

~ 

'elrl1..:ihn m3-im :i'l?l:i''l'°l~'elUL:i-l 'V'IU fl'l13-J e1 !?lU n ~ 1,-rluul Un1:i'l?l11:J 

i., ..::::.. .r::::::i, .r::::::i, 

3.1.2 "ll'el:W~:W~'V'l11'el1n1P1LL~~'el~Ut.13-J'l'Vlt.11 

1~V1~1..:itl 'V'I.Pl. 2538-2544 m3-Jfl'lUfl3-J:w~~11 m~'Vl:i''l..:J'Vlf'V'lmmu11:w'll1~1,1,~~ 
' 

~..:Jt,L'l!?l;'fl:W ij~mUl?l:i"l9'J!?l PM 10~'lt.1';lfi Beta-gauge 1uni..:it,'Vl'V'13-l'V11Ufl:i'91U'l'W 8 mA..:i 1~mi 

1) 3-J'V11';l'Vlt.11it.1113-J~1bt,'Vl..:J (Station 1) 

' 
2) ~1'!!n..:i1umnfl'Vl~'ll3-J'll'Wfl~'f1..:i~u (Station 2) 

' 
3) ~U13-Jfl°i'11 n1:i'Lfl'Vl~"JJ3-l'l!U~'lt.l"ll'J1..:! (Station 3) 

4) t1..:iCfouuu'V11r;i'Vlm (Station 4) 

5) h..:i ~t.lU~..:!'Vl:i'1'll~'Vlt.11fl3-J (Station 5) 

6) ~milm11Ylrhrl'flt.1fiUU1' bl'W'W~'W'Vl:i'~'Vlni (Station 6) 
' 

7) 'f11fl1:i'~~n~1nr.ir.i11r.i1 L'llfl"nt.l 4 '1UU~1"1'V'l:h'l (Station 7) 

8) l,fl'Vl~'ll:W'l!U~'!.,!1,1,!?)..:j blU'W~'!.,!1,1,!?)..:j (Station 8) 
' 

~'elrJ'f11~m1,~~rJ1un:i'f19n1:i'011 ~'lU~mtJ.~ 6 - 8 L'.U'W~'11Ul?l:i"l91'"1flrwl1'V'l'el1n1Plt,t,UU~..:!'11'l:i' u1L'lru13-J 
'IJ ' ' 

bl'WU r)11,'u~l'J"1J'e)..:j3-J~~11'el1n1Pl1,1,(?]~~,ru~1'W'lnl'°l1rn·h~<J"1L~'elrl1..:iu'elt.1 18 i'lt:w..:i1u 24 i'l t:w..:i 
I t,, t,, I 

1-w-rl'l..:J'Vl'Yl1m1/ain111flf..:iil~n1il~1'l91J1?1Yl:W'Vl1r;i'Vlmit.111:w~11,1,V1..:i1,1,~~tN1,1'uu~..:i'Vl11'l!~'Vlt.11fl3-Jij 
I t,, t,, t,, 

'fl'e)~~n1:i'l?l:i"J9'J!?l PM10 fl:i'U'1'l'W3-J1nn~1~mil~'W ~..:!'WUn1:i'';ll,fl:i'1~v1flf..:ii19..:i1-if-if'el~~ PM10 r.i1n 
~ ~ 

.:::l.:::,1 I O,.,' 6" , cl.:::,l o:=:1 I I I 

~'fl..:i~muu fl1~'Vl~:W'V'IUfi (correlation) "ll'fl..:! PM 10 r.i1n~'f1..:i~m'W'W3-Jfl1:W1nm1 0.8 1,1,~~ :i'~'Vl'l1..:! 

.::::l.=1 .::::l I I .J Q/ i,, i.J .c:::;I ..J 
~mU'f1U:Wfl1:w1nm1 o.70 (m11..:i'Vl 3.1) 1~1?1um1m"ll:W"llU"1l'fl..:J PM 10 :wmntJ~um1,tJ~..:i1?11:w9~m~ 

L!?lt.lij:i'~~u~..:i1un!?l'VIU1'l ('V'lflP19n1t.l'W n..:i n3-JJ11~Ufi) l,l,~~:i'~~Ufl'l13-Jl,°ll:W°1JU~!?l~..:!1'Wfl!?le-1U 4J ., I 4J .. I q ... I 'U 
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I ~ ~ ~ ~ 

b'el b'll'W ( 03) L'WVl~1tl~mn;..:iniii..:i~tn'W:i'1l-J ~1 bb'Vl..:J {?)'Jtl r;)..:J't!'Wn1:i'~ b~:i'1~if ~f..:J'W9..:J 1-if f°11l-J~~'jj' 
., 

I ~ ~ ~ CV' 0 

b Vi~1'W91 n~ rl 1'Wl-JVl1'l'Vll:.l1 ~ tl :i'1l-J ~1 bb Vi..:J 

I I I 

-n'elii ~'el (?]'WtJ ii~'Vl m r1 tJ'J'WL{?)91 n n :i'l-l'el (?]'Wtll-l~'Vl tJ 1 ;.,:i bU'W-n'elii ~vl (?] nr.i1' (?]'VJ~ tn'WPl'WrJUr:;".llii 
4J C\ 'I 'IC\ 'IJ 'IJ C\ ., 

bb'!4..:J"111~Mnrm~r 611'ell-J~bVl~1'WU:i':;n'elU!?1'ltl'elt1JVIJlii (temperature b(?JtJL-if f"i1 mean temperature, 
'IJ q 'IJ ., 

maximum temperature, minimum temperature), m1ii-n'Wil-l~'Vlfi (relative humidity), u~::: 
., 

~ruV11;Jii'1(?l'tJ1fl1..:J (dew point) 

I t, 

bb~ :;~ f"11 f"1'el'W6111..:J ~1U;l..:J rif..:i L 'Wbm'el'W 

YiflP19n1r.J'W fi'W'l1~ii u~:;iim1~ii bb~:; 'elruV111ii ~f"i1~..:JL'Wb~'el'W~'W1~ii biJ'jj'1tJ'W Yifl'jj'Jl1~ii "I ct \J \J "I ., ., 
bb~:;iin'W1tl'W fl(?] ~'W'elUL'W']j'J..:J bm'el'Wii'1'W1tl'Wtl..:J(?]~1 ~ii L'Wn1:i'~ b~r1:;if ~f..:J'Wfl1Vi'W(?J']j'J..:jfl (?ln1~ (?]1l-J 

ct "I 4J 4J " q "I 4J ,, 
0 0 CV oC:\ oC:\ o.,,c:I I .c9; CV' er 2,.1 

~1r.i1n(?lm1~°1l'el..:Jnrn~[?J'Wtll-l'l'Vltl1(?1..:J'W 9':J'Vi'W1'l:i':;V1r;i1..:i 16 [?J~1~ii n..:i 15 ~ii111Yi'Wn 9':J:i''el'W 

r:;Vl~1..:J 16 ~~Jl1~'Wfi tl..:J 15 'l"i9'jj'Jl1~l-J bb~:;9':J~'W:i':;Vl~1..:J 16 'l"i9'jj'Jl1~l-J tl..:J 15 [?J~1~l-J 'elU1..:JL:i' 

nmiiti..:ibb~r.i~~mnu~tJ'WbbU~..:J°ll'el..:J ~ruVIJ;Jii (?]1l-l9':Jn1~ bbl91b(?lr.Jniin~1'lL1?1~1 ~ruVIJ;Jii L'W 

nNb'VlYiiJVl1'W~:i''elUL'Wr~rKu~..:i(?]~'eJ(?JU 
q 'IJ 'IJ 
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~ ~~ ~~ 

3.2 n1'i'J LFl'i1~Vl°ll'el :J.l~'Vl1.:J~tl fPl 
cu 

1P1'JmJ:rm:1-J1um:rijbr1:r1:;v1-n''El:1-J~~'Elr.'i1u'Jum:r!?l1ri:r1u1'u ~\Ji'.Jr1'J1:1-Jd:lu;s~:r:;(?]'f11l'W bum,-,!?lmnu~ 
'll q 

Poisson regression 1'1lrl!Pl'Jbb1.h(?l1:1-J1'W 

regression model ~'El natural logarithm "JJ'e1\J'°l1'W'J'W!?l1U:i'1U1''W~rn!?m1'\J bb~:; regression coefficient ~'El 

natural logarithm "JJ'e)\)'e)(?):i'1!?11U m:rijbfl:i'1:;vf regression model 1mifmn11\J~n~~bU'W~U'e1:1-Jfo1ui1r.viU'W 

il~\Jlr1lbbri General Additive Model (GAM) ~:1-Jn1:i''Vl1\J~n~~1,-,fon1:rijbr1:r1:;v1~'e1 log(E(Y) = LSi(X) + 

~iZi 1'1lri Yi ~'e1'-l1'W'J'W!?l1m1u1'u Xi ~'El!Pl'JbbU:i';s~:r:; Si ~'El smooth function ~1•ifa~'9l\Jfl'J1:1-J~il~'Wfi:r:;,-,~1\J 

Yi bb~:; Xi bbUUl~bU'Wb~'W!?lN Zi ~'El!Pl'JbbU:i';sM:;~l:1-J~'Wfib~\Jb~'W!?l:i'\JllU Yi t'9luil ~i bU'W coefficient 

~:1-Jm:ri11mbfl:i'1:;vf~1n1:rmu1mb!?i~:;1'uiJfl'J1:I-Ji:I-J~'Wfi1lUn1:i'imr~ PM 101u1''Wb~U'J1l'W (lag 0) 
I t, I t., 

bb~::: m:rimr~ PM 101'W1''W'Ylt-i1'W:I-J11Pl\Jbb(?] 1-5 1'u (lag 1-5) bb~::: fl1b'u~Um:ri:1-Jtr~ PM 10 ~~:1-J!Pl\Jbb(?] 2-5 1'u 

(2-5 day moving average) t'9luilm:rmu~:I-J!Pl'JbbU:i'~'W~'e119iJt:J~(?]'f1fl'J1:I-Ji:1-J~'Wiflr1lbbri ~~m~ (season), 
~ ~ 

b'J~1 (time trend), 'flnmJlil (temperature), fl'J1:I-J~'Wimr'Vlfi (relative humidity), bb~::: 'flt1,mJ1i'.lr.:i'9ltl1~1\J 
q 'lJ q cu q 

~ 

(dew point) t'9lu1-if locally weight (loess) smooth function ijffu~1:1-J1:rr;i1-nlr1l~n\Jbb~fl'J1:I-Ji:I-J~'Wfi9::hhuu 

b:n\Jb~'W(?l:i'\J (Hastie and Tibshirani, 1990) 1-if r-11 Akaike Information Criteria (AIC) bU'Wbnru'1'11'Wn1:i'b~'fln 
~ ~ ~ 

span 1r11vhm:i'(?l:i"J9~'flUfl'J1:I-Ji:1-J~'Wfi 'elru,-,Jli'.l, fl'J1:1-J~'Wi:I-J~'Vlfi, bb~:; 'flru,-,Jli'.19'9ltl1~1\J !Pl\Jbb!?l lag 0-3 
q 'lJ C( 4J q 

'V'IU~1 lag 0 temperature bb~:: lag 0 dewpoint ilr1'J1:1-Ji:1-J~'WfinUmrn1mb~:;1r1lr1'JU~:1-J1'W regression 

model bb~:;1r1lfl'JU~:I-Jt:J~"JJ'fl\J1'W1'WiU'9l1v1 (day of week) 1u regression model ~'JU 

Autocorrelation bU'WUf!J,-,1~'fl19'V'IU1u-n''fl¾j~bbUU time series ~\Jrc:i::ilt:J~Vh1~r-11 standard error 
' ~ ~ 

"JJ'e)\) regression coefficient !?'hn~1fl'J1:I-JbU'W91'\J m:rijbr1:i'1::v1fl½'\Jul~'Vl1n1:i'!?l:i''J'-l~'flU autocorrelation 1u 
~ 

residuals "JJ'fl\J regression model 'V'IU~1ilb~mb~m~'flm'V1111u1u lag 1 (r < 0.09) bb~::1u lag 2 (r < 0.05) 
' ' ~ 

;\Jl~i.hr.:i:::ilt:J~'flr.l1\Jiluu~1r1ry(?]'flfl1 standard error "JJ'fl\J regression coefficients 'Yllr1lr.:i1nn1:rijbfl:r1:::vffl½'\J 
~ ~ ' 
U 'W'flm1nutJ\Jl~vhm:rijbr1:r1::vf sensitivity "JJ'e)\) regression model t'9lUn1:i'!?l:i"J'-l~'flUt:J~"JJ'e)\Jn1:i'bl1:I-J span 

bU'W 2 b'Vl1bb~::~'9l~\Jflj\J,-,tl\Jrc:i1n~1-ifl.u model 

3.3 l!-J~n1-;~nH1 

(?]1:i'1\J~ 3.2 bb~(?)\) r-11 b'u~Un1:i'!?11U (?]'fl1' 'W"JJ'fl\) fl'W1'Wnt\J b'Vl'V'l:I-J,,,1'Wfl:i' 1 'W6]j'J\) b'J~1~~m~n ~\Jil r-11 b 'Vl11lU 
~ ~ ~ 

85 fl'W~'fl1'W u:r:;:1-J1ru 21'W3 bU'W~il'fl11:Jl?l\Jbb~ 60 n;u1u 1'W'-l1'W'J'W!?l1U'Vl\J,,,:I-J(?)bU'Wb'V'lfi"111U 1'flU~:;60 

!?l1:r1\J~ 3.3 u~'9l\J-n''fl:1-J~:1-J~Yl11'e11mf!bb~:;'e1!?l'WU:1-Jij'Vlm r-11b1u~u:r1ri1''W"JJ'fl\J PM 10 ilr-11b'\ll1nu 62 l:1-Jtr1m½':1-J/ 
'll q q 

~U.:l-l.(µg/m
3

) bb~:: interquartile (75%-25% percentile) ilr11b'Vl117U 76 bb~:: 40 µg/m\b~::ilr-11~\J~'9lb'Vl11lU 

284 µg/m
3
fl1~\J~(?) (1- hour maximum)b'u~r](?]'e)U"JJ'fl\) 03, N02, NOX, bb~:: NO ilr-11b~1nu 48.3 ppb, 34.2 
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ppb, 84.7 ppb, LL~:; 54 ppb mmh!?lu PM 10 il~v1i:1-1~ulfnu N02 (r=0.49), s02 (r=0.17), 0
3 

(r=0.14), 

1-hour maximum N02 (r=0.53), 1-hour maximum N0x (r=0.53), 1-hour maximum N02 (r=0.34), LL~:; 1-
., ., 

hour maximum 0 3 (r=0.42) LL~:; ~ruV11Ji1, rl'J1:l-l;'Wi:l-l~Vlfi, LL~:; ~ruV11Ji1',(?ltJ.1~1-:i iJfl1fl'fl'W-ih-:i~-:i 
I I I t, 

fl1~nl:.llii1'W611'fl-:J'flruV111i1vu~1:.1 24 -n'Jtm ~'"11 29 L6Jl~L~t.1~ LL~:;~nt.1;11'W611'fl-:J fl1Vu~t.1ri'J1:1-1;ui:1-1~V1fi~fl1 
o.9 q 'U Ow 

L'Vl1llU 73% 

.c1 o d o 

!Pl1'a1.:J'VI 3.2 91'W'J'W[?]11:JVu~t.191LL'Wn[?]1:I-JL'Y'ff'HL~:;m1:.1 nNLVl'V'-l:I-JVl1'Wrl:i' 'V'-1.Pl. 2539-2544 
q q . 0 .., clfli I cl I cl 

n~~ ~1'W'J'I.J'J'W'VI n'lf1 fl1L'u~tl 'i:ll'J'WL 'LI tl-:J L 'U'W~1 !Pl';i'fj1'W • d,9 

'j"J:1-J 2,192 84.90 15.40 

6Jl11:.1 2,192 48.90 9.50 . 
my-:i 2,192 35.90 8.80 

m1:,1<6u 2,192 3.20 1.90 

'fl11:J 6-18 U 2,192 2.10 1.60 

'fl1\!J 19-50 U 2,192 31.30 7.10 

'fl11:J > 50 U 2,192 56.40 11.80 

.d 11 .::::i, .::::i, ~ 
!Pl1'a1.:J'VI 3.3 m:rm:;r.i1t.1611'fl-:J611'fl:I-J~:I-J~'V'-IM'fl1n1f"lLL~:;'f)[?l'Wl:J:I-J'JVlt.11m'-:JLVl'V'-l:I-JVl1'Wm 'V'-1. Pl. 2539-

'i.l 'I 'I II 

2544 

.... 'LI ., w 1 ., ~~'W'lf'e.l1n1f11 bL~~ b 'el'ab'll'W 'VI~ 
.... .... 

'el !Pl 'W ti~ 'J 'VI tl1 5 10 25 50 75 90 95 100 • • 
PM 10 (µg/m

3
) 28.40 31.90 39.60 52.30 75.80 109.80 130.60 283.90 

SO" (ppb) 2.20 3.00 5.10 8.20 13.30 20.50 26.10 51.30 

NO,(ppb) 1.30 5.70 11.70 17.20 24.30 31.70 36.00 85.40 

0 0 ppb (ppb) 7.00 9.00 13.80 19.30 25.80 31.60 36.00 57.60 

1-hr max NO, (ppb) 1.70 10.00 20.00 30.00 46.40 64.00 74.00 152.00 

1-hr max NO, (ppb) 24.00 31.00 47.00 72.00 109.00 154.00 189.00 382.00 

1-hr max NO (ppb) 6.00 11.00 23.00 44.00 70.00 110.20 141.00 337.40 

1-hr max 0, (ppb) 16.00 19.90 28.00 44.00 63.00 84.00 96.00 203.00 

Temperature(' C) 25.80 26.80 28.10 29.10 30.00 30.90 31.40 33.10 

Dewpoint (' C) 17.10 19.40 22.50 24.00 24.70 25.30 25.70 27.30 

Relative humidity 57 61 67 73 78 83 86 95 

I t, 
~ , 0 ~ V I 

(?]1:i'1-:JVl 3.4 LL~(?l-:Je.J~611'fl-:J regression model ~1Vl:i'U PM 10 [?1-:JLL(?l lag 0-5 days LL~:; 2-5 day 

moving average r.i1nm:r~r.i1:rru1f\1 t statistics 'V'-IU~1 3-day moving average iJri'J1iii:1-1~ulfnumrn11:.1 
I I t, I 

~-inrhft.1~'W1 l(?ll:.l'V'-IU~191'W'J'Wn1:i'[?]11:JL~:l-l;'W 1.8% L9l'fln1:i'L~:I-I PM 10 1 interquartile (36µg/m
3

) Vl1'fl 
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91'W'ltm1t1?111:Jb~:i.J;'W 0.5% (?J'fln1tb~:i.J PM 10 10 µg/m
3 

bb~::::'1~11-if 3-day moving average PM
10 

b'Wn1t 
I t, 

~ Lflt1 ::::tf m t1?11t1 mii L V>Hll Lb~ ::::n~iimt1 ;-:i'V'lu fl'J1iJiiJ~u{v(,:i 1 um P1".ll1mL~::::L Yl Pl'\,nu-:i Ll?l t1Ylrnrn nt::::'Vlu 1 u . . ~ 

b'V'lPlVlqj-:l~-:ln~1b'V'lPl"ll1m~nW'fltl (1?11J'1-:l~ 3.5) bb~!;'V'lUfl'J1iJiiJ~mfluntjiJ'fl1~ 19-50 ti bb~::::~-:lbb(?J 50 tltu 

'tu bb(?JL3-i'V'lUfl'J1:i.JiiJ~'Wm'WntjiJ'fl1~~1n~1 19 ti u~::::e.J~61J'fl-:l sensitivity analysis 'V'lU~1 ~1 estimated PM10 
I t, 
~ ~ G ii I 

coefficient b'V'liJ61J'Wb~n'W'flmb~::::"ll'J-:lbbflU~-:l 

1?11'a1-:!'V1 3.4 fl'J1iJiiJ~'Wfit::::Vl~1-:ln1J'1?11\'..IJ'1t11'WllUn1J'b~iJ PM 10 1 interquartile (36 µg/m
3

) (beta bb~:::: 
se*1000) 

lag beta se t value RR 95% Cl 

same day 0.373 0.106 3.53 1.014 1.006-1.021 . 
1 day lag 0.343 0.100 3.42 1.012 1.005-1.020 

2 day lag 0.375 0.097 3.86 1.014 1.007-1.021 

3 day lag 0.157 0.096 1.63 1.006 0.999-1.013 

4 day lag -0.150 0.095 -1.57 0.995 0.988-1.001 

5 day lag -0.113 0.094 -1.20 0.996 0.989-1.003 

2 day MA 0.433 0.109 3.97 1.016 1.008-1.024 

3 day MA 0.501 0.112 4.46 1.018 1.010-1.026 

4 day MA 0.477 0.115 4.15 1.017 1.009-1.026 

5 day MA 0.360 0.117 3.07 1.013 1.005-1.021 

'l-lmmt,l!i): beta= regression coefficient, se= standard error, RR= relative risk, Cl=confidence interval 

1?11'i1-:!'V1 3.5 fl'J1iJiiJ~'Wfit::::Vl~1-:ln1J'1?11tlt1t11'WllUn1J'b~iJ PM 10 1 interquartile (36 µg/m
3

) 

1?11iJmiiJ'fl11:Jbb~::::bYlPl (beta bb~!; se*1000) 
' ' . 

beta n~:i.J • se t value RR 95% Cl 

'fl1t1~1n~1 5 ti -0.653 0.592 
' 

-1.10 0.977 0.937-1.018 

'fl1t16-18tl -0.524 0.705 
' 

-0.74 0.981 0.934-1.031 

'fl1tl 19-50 ti 0.428 0.184 
' 

2.32 1.016 1.002-1.031 

'fl1tl > 51 ti 0.645 0.138 ,- 4.68 1.023 1.014-1.029 

b'V'lfl"ll1tl 0.459 0.147 3.11 1.017 1.006-1.033 

b'V'lf\Vlqj--:i 0.546 0.173 3.15 1.020 1.007-1.032 

vinn~iJ. loess span of time= 3% • • 0.501 0.112 4.46 1.018 1.010-1.026 

'Vlnn~iJ, loess span of time= 6% 
' ' 

0.568 0.112 5.05 1.021 1.013-1.029 

VJnntjiJ, loess span of time= 1.5% 0.557 0.112 4.97 1.020 1.012-1.028 

m-l11'H'l-llij: beta= regression coefficient, se= standard error, RR= relative risk, Cl=confidence interval ' 
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' ~ ' 
1?11'J1..:l'Vl 3.6-3.10 bb~l?Mt:-J~'ll'fl..:J lags 1?11..:11'1l'fl..:J 1-hour maximum NOx, NO2, NO3 (nitric oxide), 0 3 , 

bb~~ f11b'u~t.l 24 -.B''JL~N'll'fl..:J SO2 'l"lUfl'J1:l-Ji:l-J~t.lfiL't,!n~:l-J lt.lLmbtoit.lbb~~ L'fll6.l!t.l t.lnb~t.l SO2 Ll?lt.l'l"lU~1 NO2 n 

t:-J~bVli'.l'elt.lllU PM10 Lt.l~'fl..:J'll'fl..:J lag ~nfl'J1:1-Ji:1-J~t.lfi~..:Jnun1rn11:Jtoi1nVJn~1bVl(9J ~1Vlfu 03 'l"lU~1 2-day lag 

iJ fl'J1:l-Ji:).J~'\,,lfi~..:)~(?)f1Un1'J(,}1\:J91 n~1 bVI (?lfi'j''j':)..16Jj1 ~ r.i1nmt~91'Jn.l1 fl1 t-statistics L(?)l:J'j''J:l-J'l"lU 
" q q 

(911'a1-:i~ 3.6 fl'J1:1-Ji:1-J~t.lfi'J~V1~1..:imt1?11m1u1'unun1n~:1-1 1-hour maximum NO2 
1 interquartile (26.4 ppb) (beta bb~~ se*1000) 

lag beta se t value RR 95% Cl 

same day 0.264 0.131 2.01 1.007 1.000-1.014 . 
1 day lag 0.458 0.103 4.46 1.012 1.007-1.018 

2 day lag 0.331 0.102 3.24 1.009 1.003-1.014 

3 day lag 0.057 0.103 0.56 1.002 0.996-1.007 

4 day lag 0.038 0.103 0.37 1.001 0.996-1.006 

5 day lag -0.286 0.103 -2.79 0.992 0.987-0.998 

2 day MA 0.332 0.111 2.99 1.009 1.003-1.015 

3 day MA 0.421 0.116 3.64 1.011 1.005-1.017 

4 day MA 0.380 0.119 3.19 1.010 1.004-1.016 

5 day MA 0.337 0.122 2.76 1.009 1.003-1.015 

lUl11'JL'l,l(;f beta= regression coefficient, se= standard error, RR= relative risl<, Cl=confidence interval 

m'a1-:i~ 3. 7 rir;i1:1-1i:1-1~t.lfi'J~V1~1..:Jn1'J1?111:l'J11:l1't.lnun1n~:).J 1-hour maximum NOx 

1 interquartile (62 ppb) (beta bb~~ se*1000) 

lag beta se t value RR 95% Cl 

same day 0.186 0.055 3.39 1.012 1.005-1.018 

1 day lag 0.203 0.053 3.82 1.013 1.006-1.019 

2 day lag 0.136 0.052 2.59 1.008 1.002-1.015 

3 day lag 0.057 0.053 1.08 1.004 0.997-1.010 

4 day lag -0.139 0.053 -2.64 0.991 0.985-0.998 

5 day lag -0.255 0.053 -4.83 0.984 0.978-0.991 

2 day MA 0.260 0.061 4.29 1.016 1.009-1.024 

3 day MA 0.316 0.065 4.85 1.020 1.012-1.028 

4 day MA 0.320 0.069 4.61 1.020 1.011-1.029 

5 day MA 0.236 0.073 3.21 1.015 1.006-1.024 

mJ11'JL'1,1tij: beta= regression coefficient, se= standard error, RR= relative risl<, Cl=confidence interval 
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1 interquartile ( 4 7 ppb) (beta llfl:::; se*1000) 

lag beta se t value RR 95% Cl 

same day 0.235 0.065 3.63 1.011 1.005-1.017 

1 day lag 0.221 0.063 3.49 1.010 1.005-1.016 

2 day lag 0.104 0.063 1.65 1.005 0.999-1.011 

3 day lag 0.064 0.063 1.01 1.003 0.997-1.009 

4 day lag -0.181 0.064 -2.85 0.992 0.986-0.997 

5 day lag -0.357 0.064 -5.59 0.983 0.978-0.989 

2 day MA 0.334 0.073 4.57 1.016 1.009-1.023 

3 day MA 0.370 0.080 4.63 1.018 1.010-1.025 

4 day MA 0.384 0.086 4.45 1.018 1.010-1.026 

5 day MA 0.253 0.093 2.72 1.012 1.003-1.021 

'\,!lJ1tlb1-1!1j: beta= regression coefficient, se= standard error, RR= relative risk, Cl=confidence interval 

d Q..,' Q..,' (S" I <V <V -==::. 

19l1'a1-:J'Vl 3.9 m1iH~:W'V'-lWfiJ:::;if11..:in1wnm1m'klnUn1'H'V'-l:W 1-hour maximum ozone 

1 interquartile (35 ppb) (beta llfl:::; se*1000) 

lag beta se t value RR 95% Cl 

same day 0.092 0.124 0.74 1.003 0.995-1.012 

1 day lag 0.187 0.080 2.33 1.007 1.001-1.012 

2 day lag 0.354 0.080 4.44 1.012 1.007-1.018 

3 day lag 0.041 0.080 0.51 1.001 0.996-1.007 

4 day lag 0.005 0.080 0.06 1.000 0.995-1.006 

5 day lag -0.085 0.080 -1.06 0.997 0.992-1.003 

2 day MA 0.140 0.087 1.61 1.005 0.999-1.011 

3 day MA 0.310 0.091 3.41 1.011 1.005-1.011 

4 day MA 0.269 0.093 2.97 1.009 1.003-1.016 

5 day MA 0.216 0.096 2.50 1.008 1.001-1.014 

1-13J1tlb1-1!1j: beta= regression coefficient. se= standard error, RR= relative risk. Cl=confidence interval 
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1n1-a1.:iii1 3.1 0 fl'J1:1-Ji:1-Jl~'i.1ift~V1~1..:in1'11?11t1111:.11'unun1tb~:1-J 1-hour maximum sulfur dioxide 

1 interquartile (8 ppb) (beta bb~~ se*1OOO) 

lag beta se t value RR 95% Cl 

same day 0.427 0.346 1.23 1.003 0.998-1.009 

1 day lag 0.143 0.347 0.41 1.001 0.996-1.007 

2 day lag -0.811 0.350 -2.32 0.994 0.988-0.999 

3 day lag -0.773 0.350 -2.21 0.994 0.988-0.999 

4 day lag -0.856 0.350 -2.45 0.993 0.988-0.999 

5 day lag -0.313 0.349 -0.90 0.997 0.992-1.003 

2 day MA 0.515 0.392 1.31 1.004 0.998-1.010 

3 day MA -0.098 0.423 -0.23 0.999 0.993-1.006 

4 day MA -0.462 0.449 -1.03 0.996 0.989-1.003 

5 day MA -0.882 0.474 -1.86 0.993 0.986-1.C00 

t-ll-nmt-ltil: beta= regression coefficient, se= ::tandard error, RR= relative risk, Cl=confidence interval 

3 .4 'el ihhn fl CJ~ n 1 'i fli mfl 
n1t''hflt1~'\.f-if-em~ 6 th~V1~1..:i 2539-2544 '1l'el-.:tnNb'Yl'Y'l:J-JVl1'Wflt'Y'l1Jfl'J1:1-Jim~'uift~V1~1..:in111n11:.1 

" ' 

I ti I 11 

µg/m3 n~~'Yl11~n11mm~:1-J;'W;<'elt1~~ 0.5 (95%CI = 0.3 - 0.7) ~~'Vl'Y'l1J'W~'el(?)fl~'el..:Jfl1J~~mt~m11'1l'el..:J 

' 
Schwartz bb~~flru~ (1996) b(?)t1~m11'll'el:1-J~r.i1n 6 bij'el..:J'Yl1..:J1?1~1''W'el'eln'll'el-.:t1.h~b'Yl~~Vlf~'elb:1-J1'n1 ~..:J'Y'l1J 

" <l.9 
' ,, 

fl'J1:J-Jimf'Wfi'll'el..:Jn1tmm1t11''Wn1Jmti:1-JeY~ PM10 bb~~ PM2.5 b(?)tl'Y'l1J~1 mimm~:J-J;'W;<'eltl~~ 0.8 

' I "'> 3 
(95%CI = 0.5-1.1) !?1'eln1tb'Y'l:J-J PM 1010 µg/m 

I t, t, 
3 Q.,' .?'I -=:I o 111 ~ .t:!l i., -c.::l 

µg/m ('J(?)bu'W 2-day moving average) :J-J~~'Yl1 Vln1t!?l1tlb'Y'l:J-J'll'Wt'eltl~~ 0.7 'W'elnr.i1n'W Burnett bb~~flru~ 

(2000) l!?1~n111'1l'el¾j~1'WVl~1mij'el..:J1m1,J1u1.h~b'Yl~bbfl'W'W1(?)1t~Vl~1..:J 1986-1996 'Y'l1J~1J..:i PM10bb~~ PM2.5 n 

fl'J1mlmfoifnun111n1m1t11''W b(?)tl'Y'l1J~1n1tb~:I-J PM10 10 µg/m
3 

n~~vh1~mimm~:J-J~'W;<'eltl~~ 0.5 

(95%CI = 0.2 - 1.2) 

,, 
r.i1n TSP V11'el Black smoke (Katsouyanni K et al., 2001) n11~m11u1mfimn~mnumt~m~n1'W 

~Vlf_J'elb:1-J1'n1rK..:im:hr;i-if1..:i~'W 'Y'l1J~1nfl'J1:J-Jimf'Wfit~Vl~1..:Jn1tl?l1mb~~ PM10 b(?)tlnn111n1m~:1-J~'W;<'eltl~~ 
I 

I ~ CV 3 
0.6 !?l'eln1tb'Y'l:l-lt~(?)1J PM 10 10 µg/m 
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~ 0 ~ . '"' .J ... I t., di 1 'd 
'W'elnr.nn-w Samet LL~:::flru::: (2000a) 'Yl1n1nLfl:r1:::V1"JJ'el¾j~'J!(?!Vf'W-:tu:r:::n'flU(?l'.ll:mJ'el-:t Vl'lJ'Yl~(?l 88 

L:w'el-:i1-w~V!fj'elL3-J1-m (NMMAPs) b(?ll:JLmfim:rV1~1umh-:i1-wn1:r'lLfl:r1:::tf'Yl1-:i~n~LL~:::n1J''JLfln:::tf 
., ' ., 

sensitivity LL~:::'W'elnr.i1n-w Samet LL~:::flru::: (2000b) 1:J-:tlfflLfl:r1:::t-1L'ui"l1::: 20 L:W'el-:tLV!blJ'Vl~(?l m:r~rn.!1'1'Yl-:t 

~'el-:ti"lUe.J~~'e)(?lfl~'el-:tn'W;;,'\'e) n1Wl11:JiJfl'.l1mf3-l'W'WfiflU PM10 LL(?]e.J~"JJ'el-:t PM10 b(?ll:J:i''.l3-J'"1'el'W'n1-:t~1n~1e.J~~i"lU 

1-wmJ'~m~nri'fl'W1 (tl:r:::3-J1ru 0.5% (?]'fl PM 10 10 µg/m
3

) LL~:::e.mn1:r~rn11~'"1'el'W61J1-:t1m.h1'fl-:tV!d-:izj,:i1-jf 
' ,, ' 

'lfin1:i''Yl1-:t~n~LLUULV!~i"lUn1:i'(P]11:JL~3-J~'Wtl:r:::3-J1ru 0.27% (?]'eln1J'L~3-J PM10 10 µg/m
3 

(Domonici F et al., 
., ., 

2002) n1:r~m11i1u~:::"JJ'el-:t Samet LL~:::flru::: (2000b) ~m11Ltui"l1:::e.J~"JJ'el-:t PM 10 lag0-2 L'VITW'W 

., 
e.J~"JJ'el-:t PM (?]'fln1:i'(P]1\:J"JJ'el-:tfl'WL'WnN L 'Yli"l3-JV!1'Wflji"lU'Yl-:t 1 'WL i"lf'!6Jl11:JLL~:::b i"l f'!mu-:i LL~:::1'Wn~3-J'el11:J 10 q Q,I q q 

18-50 u LL~::: 3-J1nn~1 50 u LU'Wn1:i'~1.JU~'W'We.J~n1:r~rn11L'W'fl~(P]~LJ\'Lfltl:i'11:l-:t1'W3-J1LL~'.l (Ostro B et ' . 
' ,, 

al., 1998; 1999) ;-:i1-non'el3-J~L'WU i"l.f'!. 2535-2538 LL~:::i"lU~1flillJl1i"l'n'el3-J~n1J(P]1\:JL'Wn1J'~m!l'11.J'W~'el'W61J1-:t 
~ ' ~ 

I t., l t,, t,, t,, 

~1tlJ':::3-J1ru) 'Vli"lUL'Wn1:r~rn11u'W~-:in~1'Vl'V'lUL'Wn1:r'rjLfl:r1:::tf flf-:iur.ir.iu'Wi1 n3-J'Yl-:ti"lUfl'.l13-Ji3-J'W'Wfi"JJ'el-:tn1J' 
~ ' 

I t,, t., I I t,, t., 

(P]11:J L 'WL~n'el11:J ~1 n~1 6 u~-:in~1 n1:i''l Lfln:::tf flf-:tU991J'W'W ~-:i L;'el~1n1:i''l Lm1:::t-1flf-:tU991J'W'WH'61l'el3-J~ n1:i' 
q 'lJ q q 'lJ 

m-:i L'Yli"l3-JV!1'Wfl:i''YlmL'IA-:i:r:::V1~1-:i i"l. fl!. 2539-2541 Lii'el-:ir.i1n(P]J''.l"'l~'elU'V'lU~1-If'el3-l~n1:r(P]11:JL'W-rl'.l-:it1~1J\'r.i1n 
' ' ~ 

I t,, I t., t, 

n :r:::'Yl n-:i ~1n1 J'ru ~"JJ mr.iiJ fl'.113-J fl~ 1 (?I Lfl~'el'W 'W'el nr.i1 nil-If 'fl 3-J~3-J ~~'l!l'm m f'l'Vl1-if1 'Wm :r,j Lfl:r1:::tf flf-:iiliJ fl'.113-J ' ~ 
I t,, t,,!J 

fl JU tl'.l'W3-J1 n n~1 L~3-J 'el 1:h-:i hn (P]13-J fl'.113-J t7 n ~'el-:t"JJ'el-:t em n1:i''l Lfln:::t-1'Vli"lU 1 'Wfl f-:t'W~'W'elt.l nu fl ru.n1'V'l"JJ'el-:t61J'el3-J ~ 
'lJ 'lJ q 'ii 

~'.l'WLV1ajn1:r~n'l!l'1L~mnu3-J~~'l!l''el1n1MLL~:::n1J'(P]11:JL'W'el~mil'Wn1:r~n'l!l'11m:w'el-:tr.l1-:i1'Wtl:r:::L'Ylfill 

~Vlflii'elb3-l1'n1 Lb~:::tl:r:::b'Yl Plb'Wl:J ht! (P]:::;')'W(P]n zj,:iiJin'l!l'ru:::.nnmm Pl '"1'el'W'n1-:IVl'W1'.l Lii'W Lb~:::iJ:rtl bbUU"JJ'el-:tn1:i' 
d.9 q 'lJ 'lJ 

t,, I i,, t,, 

(P]1m1ui'WLL(P]n(?]1-:tn'W3-J1n(P]13-l~r:Jn1~ rK-:tl1'We.mn1:r~n'l!l'1'Vl~'fl(?lfl~'el-:tn'WL'Wflf-:ti19-:tiJfl'.l13-J~101t7J3-l1n 

., 
!7U'el1n1f'!V!'W1'.l n1:i''lbfl:i'1:::tf sensitivity i"lUe.J~"JJ'el-:t PM10 L'Wn~3-J'el1~ 19-50 uu~::: 50 ri;'WLU Lb~:::i"lU 

"JJ'W1(?l"JJ'el-:te.J~~i"lULn~L~l:J-:tll'WL'Wbi"lPl6Jl11:JLb~:::bi"lPIV!qj-:t bb~:::b(?ll:Ji'.l1tlmntl~l:J'Wbb1.l~-:i span hlvh11Xe.i~"JJ'el-:t 

PM10 bU~l:J'WbbU~-:t 

., ' 
N et al., 2001) LU'Wn1J'~LL'W:::~1e.J~"JJ'el-:t'el'WJl1fl3-J~~1:i'( particulate matter) 'Vli"lUL'WnNL'Vli"l3-JV!1'Wmt.hr.i:::iJ 

' ' 
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~r;iu~ L~ t:.1,;i-n'ra-i nu ~u~ Ln i;ir.n nm ni:-11 t-Jg:i1 rutl13JuLtra L vi~-i LLg:i~~w-n m1uu ~-i e'.Ju~-it'l'fl-l L~ m-n'fl-i nu mt 1-if 
" Q,I q q 

S, I 

J'tl1JU'Vl'el-l'1UU (9)-lUmuu1tl1~vhh~"ll1"llU91U'JU:W1n 1uni-i L'Vl'V'l:WV!1UAJ'~'e)-li:W r.Jt'lll1J PM10• PM2.s• black 
I t t, t, 

L il'fl-ir.n n ~ m 1r.i11r.itf11J f1-l LLg:i~~ m 11 -if ih3JuL ~'fl L vi~-i 
., ... 

diesel 'ell:11-lLLYliVfg:i1!:J LLg:i~t-Jg:in11MmnAf-iuLLt'li;J-l1*L~U~1:I-Jg:iJ71'J~n1J''-lJ'19J' ~ernnt~'Vl1J(?]'flt'l'1JJ71Yl 
q 

Lvi11~viu<J1 NO3 , NO2, LLg:i~ 0 3 iJAr;i1:wi:w~ufnun111?11t:.1 LLg:i~r11Liu~t:.1 NO2 iJr11r1rau-ir1-i~-i 1U'Vl1-l(?)N 
I ,_, I 

"ll1:WL:i..l'V'lUA'J1:Wi:W~UfillU so2 LU'el-l91n 03 iJt'lvii:w~ull:i.J~-inu PM,o vi1'el NO2 (9)-lUU'fl19t'lt1fl~t:::(9)1JV!U-l 

<J1em~Yl1J'll'e1-l 0 3 iJA<J1:i.JLUU~t'lt~r.i1n:wg:ivht(?l'J~U 

i,, 2,, I I I 

i:-1g:in11Mm~nAf-:iu1:i.J1~fut-Jg:inj~'V]U91n1J99tliu~1:i.J1'll:wg:i~~'el1n1flLLg:i:::~mnu~t:.1mLug:i-i(?)1:l-J'lU 
., 

L'llu 'JUUJ':::91iui;i1-J LLg:i:::t'lll1Yl'e11n1fl L'V'lt1:::n111~(?l'JLLUJ'Lmhw1u regression model 1:i.J1~vh1*e-Jg:i 

LU~tlULLUg:i-:i L~tl-:JLLf1~i:Jg:iL'~nu'fltl(?]'e) goodness-of-fit 

n11M n~11 u1:::t1:::vi~-iy.iu m1:wi:w~u€1:::vi~1-i PM 10 LLg:i:::'el1 mt'Vl1-i1:::urnX,;i 1 r.i LLg:i:::mt 1vig:i L~t1u 
t, I 

fa~(?) (?l'J'fll:.11-:J i:-ig:i mtA n~1 L vi~1UL~LLri ~11t:.1-i1um1Arn.11'l"lu<J1 'flU.t11 A:1-Jg:it'l1n ~:l-J'el(?)t1mn~u'll'fl-l'IX'J 1r.i 
q ., 

'IX,;i1r.iuXu1:i.JLuu4'-:ivir;i::: ug:i:::n~1milra'!Xr;i1r.i(?)1!:J (Liao D et al., 1999 ; Pope CA et al., 1999; Peters A et 
I 2,, I I 

al., 2000; Gold DR et al., 2000; Peters A et al., 2001) ~-lLVl~1ULUuur.i4'm~m~(?]'fln1J'i?l1!:.l~'J!:.ILrn'IX,;i1r.i 

(Nolan., 1998) LLg:i:::']j'J!:J'elfi'U1!:.lrl'J1:l-Ji:i.J~UfiJ':::Vl'11-:J :wg:i~~'el1n1flLLg:i:::mt(?)1!:J 

,j91:J'l"l1Ji:Jg:i1:::t:.1:::t11'J'll'fl-l 'flUJ71A:i.Jg:it'l1t(7l'fln1J'i?11!:.I (Pope C et al., 2002) 
q 

t-Jg:ir.i1nm:i'An~Ti1t'l1:w1rn~r.i:::r11u'Jru'a(?)J'1n1J'i?11!:.l~A1(;)'119:::Lni;i~u1u 1 tJ (?]'e)n1J'LU~tlULLUg:i-i 

'll'fl-lt:::(9)U PM 10 ~:i':::(9)U 1 µg/m
3 

ra1?1nmt(?)1!:.11uni-iL'Vl'l"l:i.JVl1UAt91nu vi.fl. 2539-2544 L'il~!:JUg:i::: 5.2 (?]'fl 

1,000 AU r.i1nm1An~11uu '\Al.fl. 2539 ~'e)!:Jg:i::: 93 '1J'e)-l'a(?)J'1n1J'i?l1!:J~-:)Vf:).Ji;)(?)1!:J~'JmV!(?)fijj:).J"]j1~ ('Vln 
q q 

t'l1 LVf (?) !:.I nL 'JU'elU"ii LVI (?) 'el1"l!ru1 nn:w LLg:i:::~1 [?l'J (?111:J ) L'l"IJ'1:::iu:::1!ura 1?1J'1n1J'(?)1!:J ~'JmVf (?)fjjj:).J"Jl1 ~L'U ~!:JUg:i~ 
q q q QI q 

., 
4.8 (?]'fl 1,000 A'W i:Jg:i'1J'fl-ln1tAn~1uLLt'li;J-l'11 1:::vi'11-itl '\Al.fl. 2539-2544 'a(?)t1n1:i'1?11t:.1~hmvi(?JnJ':i':i.J"l!1~~ 

mnu~tlULLUg:i-i~'fl!:Jg:i::: 0.05 (?]'e)n1J'LU~!:.IULLUg:i,:J'l]'e)-lJ':::(9)1J PM10 1 µg/m
3 

rhnt-lL'Vl'l"l:l-JV!1UAJ'~UJ':::"ll1m 
., 
<V 2.1 (V i.J' .c::r, I <V I I ..::la.,, 

'Vl-:JV!:l-J~ 6 g:i1UA'W LL~:::'fl(?)J'1n1J'i?11!:Ji;J'JmVl(?JfiJ':i':l-J"Jl1(?)L'Vl1nU 4.8 (?)'e) 1,000 AU A1i;J'J19::::l-J'e)(?)J'1n1J' 

LU~tlULLUg:i-l'1J'el-l'el~J'1n1J'i?11tl 15 :i'1!:.I (7l'fln1J'LU~!:.IULLUg:i-i'1J'fl-lJ':::(9)U PM 10 1 µg/m
3 

L'l"IJ'1~iu~1l°Uf11L'il~!:.l'll'el-l 

m:w1ru PM10J'~Vl'11'1 '\Al.fl. 2539-2544 ru. t'lmUJ'1:Wrl1LLVl-:J'el~~ j~(9)1J 60 µg/m
3 

ill':l-J1illn1J'i?l1!:.l~L~:l-J~U 
I "" ' .., 

V1:w1r.i1n PM 10 L'Vl1nu 900 11t:.1 
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' v 

fl1'JLVh.m1nl11t:::f-.:i bbf'l:::� bflt1:::'l,1'\'1-.:J fine Uf'l::: coarse particles 9::;'1ir;it.11'lX�1�1mn1V1iw1nf'l�fiL'W 

m tmufl�� f'lJl1'J :::vn-.:imn 1/i'fL'Wfl'W 1 fl f?l lJi'

�'l,l� Ln C?l91fl fl1 'j'flfl � '.f1-.:i bbf'l :::�UVlt.11U�'W7 flth-.:i hn f?l1�t-l f'l fl1 'j'�fli.11�V'lU L'Wfl f-.:idd:lU'llfl¾J f'l� �1foln.J 1 um 'j' 

LL� C?l-.:J 1 tX L �'W�1 m tf'lC?l� f'lJl1'J :::m n 1011 'Wn NL 'VlY'l�Vl1Ufl t9::: lUUt-i f'l� (?)fl�'llJl1V'lfl'W1:WtJ'llfl-.:JU t:::'ll1'llu 
q q 
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.:ii 
lJ'Vl'Vl 4 

n1'iPlnH1 Panel Study °l.l'el.:J'e:nn1'aU'"Jt1'Vl1.:i'a~'U'UVi1tlb~ 

nTj'Am.11 Panel Study 'li'tl-.:Jtl1n1J'U'JtJ'Vl1-.:Jt:::urn~1tJ1r.i dh l'W'Wn1J' l(?JtJ1i½nrjJ-J[?]'J'tlr.h-.:i ll(;]fl::: 

fl'WU'Wvinmn1rn1-.:i1:::uuvi1tJ1r.i1uih-.:i 24 off''JlJ-J-.:J~~1'WJ-J1'li'tl-.:J(?l'Wl'WlWifl:::fu(?l1J-JllUUU'Wvinmn11~ 

1-iilwn11Am.11 l(?ltJvi1n11uuvinVJn1''W~(?l(;]'e)f1'WlUWJ':::tJ:::l'Jfl1 100 'J'W l'W'lJlli:::l~mnuni1mtlflU 

-ifoJ-Jflll'WJl1flJ-Jfl ~111 u~u~1rn~'l~tJ-.:inu~n ~J-J rihmh-.:im ffomJ -ii'll~'llll-.:J m tAm.111u ttl lluud~ll lW1 
4J q q qJ 'U 

fl :::fl'W 1un rjJ-J [?l'J'tl r.h-.:i ~ 1 J-J1 rn lU'W[?]'J fl'JUfJJ-JLu1Ji'Ji''JtJl W[?l'J 1JJ~1 lUW~'tl-.:ii1 n rjJ-Jfl'JUfJJ-J91 n1J-J'1l'W~'W7 

ll[?]'"l :::i1fi11-nr.:i1tJ ~-.:ivi1 nn ~J-J[?l'J'tll'.h-.:ii1'll'W1 (?l l viru llfl :::A m~n lUW 1:::tJ :::l 'Jfl1'W1'W 1 wm 1~m.116Jl'J-.:i 
'lJ q w 

v o V 

Vl~'Vl1-.:ll~mnw 'W'tln91n'Wn1tAm~n1wztlllUU'lJ'tl-.:l Panel Study if-.:ii1ut:::ltJ'1l'W'Vl~10l()d~n"1-.:J'W 

v 
G 2,1 <V o.,, i,I 

~1J-J1nlfl'JUflJ-Jnt:::U'J'Wn1JlnU'lillJ-Jfl~'lJJl1'Y'l (?l-.:JWW~1J-J1nlfl'JUflJ-lfllliJl1'Y'l'lill-.:J'lJ'e)J-jfl 
q 'U q q q 'U 

~1J-J1rntl1:::d".lun1tiJ-J~~'lJ'tl-.:JnrjJ-Jut:::'1l1n1AmnnUJ-Jff~'l.1l'Wtl1n1~(Exposure 

Assessment) l(?JtJ~-.:i lfl1ll-.:J(?IJ''J9'J(?l PM 10 1n~~llzjt11~tJ'li'tl-.:JntjJ-Jtlt:::'1l1rnAm.11 

~1J-J1rn1Ji'-ii'm.Jfl[?]1-.:J7 r.i1nntjJ-J~mt1 l6D'W t1tJfl:::l~tJ(?)Ut:::'Wi~'llJl1'Y'l n111'Ifm ilitJ 

n1J'~UUVl1 n1tl'IlU1'n1JYl1-.:Jn1Jll'Y'l'VltJ ~n11lli:::'Vl1-.:Jl~J''l.1~179i-.:JflJ-J V11''tlJUllUU'lJ'tl-.:J 
'U q ~ 4J 

'Y'l~~nnJ-Jllfl:::nr.innJ-J~tl199:::iJ-J~Wfif1Un1iUi:::d".lwmiiJ-J~~J-jfl~tl'Vl1-.:Jtl1n1~ 

illll n1 ~ 1 um 1An111n ~J-Jtli:::'1l1rn~i1m 1J-J 1 'J [?]'tlJ-J fl~tl 1um m ~ 1Ji' wi n~~(?l 
q q 

' ,, ' 
fi11-nr.:i1tJ lU'WU'"l~tJV1~1n(?l 1'Wm w11lilwm1~n111-w lr?f1viw1V1lfli-.:in1i~'tl-.:i 1'If fl'J1J-J'Y'lmmJ-J 

' '1 .:::::,, I ':3 .::Y 6l 11,,9.,, =l 2,t ,.:;d 

b'Wn1 j(?l(?l(?l1J-Jn~J-Jfln'l11 l'Y'l'tl bVl'lill~flJ-Jfl'J1J-JtJn(?l'tl-.:J llfl:::J-JfJlliJl1'i"l ~1V1fo'tlunrn1mi(?lj'J9'J(?l 
q 

'tl\¾Jl1flJ-Jfl~1j ~ll-.:Ji1fl'J1J-J'Y'l~'tlJ-Jl'Wn1J'U!)~-.:l1W 
2,1 =l o.,,' Q/ 

llfl ::;(?1'1:l-.:JJ-Jfl'J1J-J i:::J-J (?} i:::'J-.:J 
d =' .J 

l'Y'l'tlVlflnlfl\:J-.:Jn1i 

v ' 
tli:::H~'W~1flrJdl'Wn1iAntl1-w ~'tl 

dJ I Q/ I O ,r;::S: I ,d:l I =:l=l 

n1nfl'1:lnnflJ-J(?l'J'tltJ1-.:iJ-J1'Vl1n11~ntl1'J1r.i:::lfl'1:lnnflJ-J'VlJ-J 
q q 

n11~n1111unrjJ-Jtli:::'1l1rn vf'J 1u1Ji' 1u'llru:::~mn~llnntjJ-J[?l'Jmh-.:i~i1~ntlru:::ltu'Y'l1::: l6DW VlllU~(?l 

vi1'1:l u~n n11ia1-.:irc)-.:ir.i:::i1-ii'll~1n(?l ltu'Y'l1:::n~J-J mh-.:i LJfl[?11J-JUi:::ltJ'Il'W'li'tl-.:Jmn~llnmiJ-J[?l'J'tl81-.:J l tu'Y'l1::: 
q q 



~,Hn[JJ llfl:u1,mtjl--l t 'llu ·we:iu~(?'lmr.:ii:lm1l--l1~1r.:i 1-wmi~-:i Lnf?J llfl:t1t1-snummt'll'tl-:J[?l') t'tJ,m1nnri1 

ntjmJi:'ll1rni11tl ~')'Wntjl--ll~nnr.:i:i:J-if'tl~~'tll~nr.:i:i:lmt~l-J~~nul-.lfl~tll'W'tlln1Al--l1nl~'tl-:191n1-n 

' '1 ' ' 2, .'-I ' .J "'3 ' = ~ 2-d,;- q l')fl1~')'W b'v1nJ'tl\:J'W'tlnU1'W llfl: lu'Wnfll--lVlflntl1-:11t.lli"lJ'1:~1l-.l1nlffl(?'lffl13-.l b(?)Vl bNL'Ic.l'W 
~ "' q 

~""' a; g,, 

4.1 'Jfin11bnu11'el:1-1~ 
qJ 

.di .li' .J-:3 
4.1.1 n1'Ilflf:Jni"l'WVlflntl1 

1-wn1n~'lln~'W~Antl1 1-wiurX-w1(?lfl-:J~1i1r.:i~u~1n~t~rnnui(?'l~r,1'-:i~ClTWfflJ'')9'1(?1 

= 'i' .di O .J .di 
mmA'll'tl-:ln'Il-JrflUf:)3-.ll-.lfli"ltl b(?'lt.llfl'tlnM~1'j'')9Vl 3 ,(?) rl'tl 

.J o ~. I q ~ .,.. 
1) V1V11n1i bu'Itlilltl bVl'Ilfl'JJJ'1tl{J'I\l'Iill: 

2) 

3) 
- ,vi,! G'2,, 

~ Cl1U'W J'1'llJl{]U1'W~ l-J l(?l9 l 91V'l t:m 

Wfln1J'~1i1r.:iV'luri1urt1ru~vhmi1tlJ'tlnJrJJ'1tl{Jf\ltru: ~mur,inr.:if(?l'lltjri'll'W'll1-:JLnflr.:i1n 

'lll-.l'll'Wllfl:iittwu-:11-w~r.:i:il'1t1~C11'WLtlmJ~~'W ~1-wurt1rutr1v1:'lll-.l'll'W~'Wll(?l-:J Cl'W'W~'Wll(?)-:J LU'W9(?1fflnr.:i 
q qJ q q 

~iJill'l--l1rLll-J fl~tl l'W'tl1n1Arl'tl'W'll1-:J ~,:i llfl :'Ql-.l'll'W9 :'tltj(?l1'Wmf ,:ill v-J flffl'JJ'tl-:Jn1 W'm: zj,:i i:J~nu,:i llfl :1-11 

1'tXmJ-J1QJ~'W'v11'tll--lfl'Wtl~'Wl'WUtl')rLl'Jll-J'll'WU19:llffln!?h-:191nU°rl')QJ9(?1ffl'j'')9')(?1~'tlITTl-JCl'W'W~'Wll(?1-:J 
q q q qJ 

t,, t,, t,, .J 
l-.l1n (,i)-:J'W'W~-:ihJ1J1't~'tlnY1-:1 2 'Ql-.l'll'Wl'U'W~'WV1Antl1 llfl:r.:i1nn1J'~1i1r.:i1l--l'll'WUtl1ru~muui1'lln{] 

2,1 c;;;-i., ' .. '°I .d I -:3 d 
U1'W~l-J l(?19 l 91V'lt:t11 V'lU')1 lu'W'Ql--l'll'WVl l'v13-J1:llnn1J'flntl1 l'W'tl-:191n 

1. ~mur,inr.:if(?)zj,:ir,Y-:i'lltj1-wu1t1ru1Nt1r..1-w~1'iir,i ~'711.J'WJ'1'llJl{]U1'W~m~r.:i"1 zj,:i1~~(?1Cl'W'W 

llfl:'e:lrJln~'lll-.l'll'W 
"' q 

t,, ' 

2. l'W~'WY!l~i:J~n~-:iu-:ii:v1ri1-:i~m'Wffl'I')9')(?lflUU1'W~nmf'it1 

3. 1~5:i'e:lff!~1v1nnl--l~ri'e:l 1iX lf1(?11Jruv11(;!'e:l-:i~-wfl:'e:l'e:l-:J 
q ~ q 

t,, ' 

4. iJ1Nt1t1'W[?l-:J'tl8l'W'lll-.l'll'W ~-:i~:(?)r;in(J]'tlnltlflU'll'e:ll-.lfl 1-wnfiJ-J l~ntrn t1c.1-w 
qJ q qJ q 

l'W~'W~Utl')QJ~Cl11.J'WJ'1'll1l{]U1'W~l-Jl~9"1 rt 'lltjl'Wl'llfflfi'Wl.J1 ll'JJ')-:J~ft111~ llfl:i:Jmmu-:id'.1-w 

'Ql-.l'll'W8'tlt171-w~'W~lU'W 8 'Ql-.l'll'Wl(?lllfl 

1. 'llJ-J'll'W'1(?1l'v1ruA1~V'lnru 
q ~ q 

~ q q 

2. 'll:l-l'll'W~1:l-lrlrlA'I~V'lttru 
q q 

q = 
3. 61J:l-l'll'WA'IJJl--l 

a.,, -=,,a.,, .:=:I 
4. 'jjl-J'Jl'W')(?'l'l,1'j'nJJ'9 

q ~.,, 

- .<:::!rt. 2,1 '° 5. 'll:1-J'll'Wl-J~c.1(?1U1'W~l-Jl(?19 
q 

.J 2, 

6. 'll:1-J'll'W~llc.lnU1'Wll'lln 
q 

7. 'll:1-J'll-wu1-:itKlnu1-w~w~r.:i 
q 
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5 'Qa-l'llLl 

<el ~ ' 
4.1.2 n1nri-em1WJflt..11'1 Panel-Study 

ntj a-11?1 'JflchTIJ'rl'1rnm n~ Panel-Study '1Jfl-:Jmrnnhuvn--1r.;uuvn1:.11r.:i tlr.:;nf11Jiftl 'Jt.l 2 ntj a-J~fl 

1. n~a-1~~-:imt.1 ~flrlmt.1 > 50 u 
q 4J 4J q q 

t, 
dl I CV I a.,, ,:::,l 

triflnnria-J(?]CJflm-:i 171'1Ll 
q 

1) hl~1J1JVl1 VITfl 'lJJrlflLl~1J1JV111uiJ1Ll 
'\I q 4J q 

2) 'lJJuflUTTfl-:Jttflf 

3) flt11u~u~Arn.11 'lJJifot.1ntJ1 20 ir:i 1a-i-:i!Jlfl'1Ll 
qJ 

4) 'lJJ'lJ\'tl1:::nflum~'\"j 1,~1a-i~r:i1:.1, ¥1umvi11, ¥1uvi1r,m vi1flvi1-:i1u~rln11ta-itr~t-'.luri:::flfl-:J 
q 

5) ~~m1r.:it-'.ihir:ia-i1flNn11 

., ., 
1un1tr1"1t~fln1?1r:ifltl1-:irl-nu(?]f1Ulun1w111,ilun11'91-:J'W 

' .-::::J O CV ,:::,l 

1. 'JJfllll',-JUYl'JJfl-:J'lla-J'llLl 91n~1Un'11Ul'JJ(?]fiU1J1 
q q 

I It, I 

4. tl1-ii'fl¾JrlV1Liftlr.:i1n1fo 3 a-11r1"1 t~flnlA'r:ifltl1-:i(?]1a-J tnrw61/lV11?1-:J H ( 1,1,1',-lUJJ~'Yl 2) 

5. ri--1~u~t~flflt.1nun~a-ilA'r:ifltl1-:i~r11711,~flnH ~1,1,r.:i-:in1:.1ri:::1,;t.1"1'1Jfl-:Jn1w'h1,ilutm-:in1rnri::: 
q q 

"/Jfl 1TTri-:iu1a-11u1utiut.1fla-iJ\'r:i1:.1m1a-i~~m 1r.:i t~flir:ia-i tm-:in11 (1l1fll',-JUCJn) 'y'j1fla-J!l1J'Wl71 

1, r;iri1~r.:i:::a-111,nu-ii'fl¾Jrl 1utt!Jlri:::1'u 

c; ., ~ 

4.1.3 n1nn1J"IJfla-Jrl~'JJJl1'y'jJ1mu 
41 q 

' ' 
ri fl Ll'Yl9::: 1,1a-ivi 1 n1 JlfllJ'LJ fl a-! rl ~ "IJJl 1'\"j 11 t.1 '1U liftl'Vl 1n11 

qJ q 

r)(7ll,~flnllrl:::tlnfl1J1a-!1,~1Vl'W1~ta-in11.1ru t1711:.1~1,1,9-:in-:i1'(?]f1U1:::~-:ir-f'llfl'1Lf1J-:Jn11"1 m1a-1~1r1ru 
q = 

'J1t.lrl:::l;t.1171"1Jfl-:}l,l,1J1J~fl1Jfl1a-J 1,1,ri:::lY1flUfln11ta-11111.1ru flflLl~r.:i:::C½a-itllju~-:i1u1u~u~ 

( 111:.1 ri::: 1, ;t.1171"/Jfl-:Jm 1tlnfl1J 1a-i 1,1,~171-:i 1u111 fll',-JU'm) 
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rrt,,,ajm~> sotl 

169 fl'W 

~ ' ,J ~ ' b~~UU,,,ntfl::: b~'W'el'W ., q 

,X'el~ ll'elf 137 fl'W 

102 fl'W 

d 
111:J'll'tlut:::'Inmr..i1n 

I 

4-4 

2,, .-

'W'el'W,,,'eJ,rnm 83 fl'W 

'llm11:Jzj'tlr..i1n lN istJW'1!?1 

Ut:::C?l11~111~ llfl:::rJ!?l l~'eln 
.J-3 

l~n1Ji'l~~~n 40 fl'W 



I ti I • 

1 G t, 4:/1:,l t,, !,I -=i,.¥. ' ,-=I ~IV )' I .f'I I 4 

im1:nnU'1J'eliJ~r.i::::i1Lr.i1V1'W1'Yl·6'liJ1111!l'ru~-.:i'V'l'W'Yl'l'W~:::: 5 ~'W ~i;)mLUHu'W 3 n~ii ~'el 
'IJ ' 

1. "1Jil6ll'W~~iii;) 2 ~'W 

2. 

3. 

I 0, 0, 

Li;)tli'.JL~1VIU1'Vl~n 1 ~'W bU'Wi-.:i~lii11111ru bb~::::i;)bbmh::::~1'W-.:i1'W 'V'l¥'eliJi-.:inu~'lil 
'IJ 'IJ 

bbUU~'elUtl13--lb'Wbb(?]~::;,r-w 

I 
~ ,, 
3--1 n1 ~~'lU ~il ~ CW111'V'l"ll'el-.:i"ll'elil ~~"ll111'V'I 

<i' .:::It, i,.::;:Ji, 

~i;)tliJ b91Vl'W1'Yl e..J 
'I q 4J q 'IJ 

a ., 

n1~(?)':i""lfol~'eluf1ru111'V'1"1J'el-.:in1:nnu"1J'eliJ~ 
' 'IJ 

a ., 
4.1.4 n1:nnu"1J'eliJ~f1ru111'V'1'el1n1r-1 

0, 0, I 

1-wn1~~n111f1f-.:ii1 miifi'lUFJililff~l!l' m::::'Yl~'l-.:i'Ylf'V'lt11mn~rn6Jl1~Lb~::::~-.:iLL'li;)~'eliJ 

L~ ,X f1'l1iJ61f 'lmVl~'el L1'el-.:i~umru1'Wn1~(?)~'l9'1 i;)1fl3--J1CW PM 10 Lb~::; PM2_5 'V'l¥'elil!lU'Vl1n1~(?)':i""l9'1 i;)rl1'll 

ii~~11u1-.:i6Jl'Wi;) L61f'W L'WL(?):i'L9'WLi;)'fl'flnL'll!?1 (N02) L'elL'll'W (03) LL~::::mfu'el'WiJ'el'W'W'elnL'll!?1 (CO) 1-w 

~ mi1~16Jlirnu1-w~ii L~r.i L ~1'V'I ~::::m ~-.:i'elu1-wu1-L r:i ru~1n~ L~m nu~'eltl'el1 f1t1"1J'el-.:i n~ii l?l'l'el cJ1-.:i dJ 4J 'iJ q 

o, I 

r.i1n i;)~.L'W~M L~'el~'l~~ru mi1,j'Ylmfll1~(?)fu1'n1~ m::::'Yl~'l-.:i'Ylf'V'lt11mn~~ii6Jl1~LL~::::~-.:iLL'li;)~'eliJ 

Ll?lt1H'bf11'el-.:i Minivol "ll'el-.:iu11i''Yl Airmetrics. Lb~::::H'm::::l?l11!l'm'el-.:i bLUU f1'l'el'Yl6ll (Quazt filter) L~'el 
0, I o, 

tl1ii11m bf) ~1::::vf'el-.:i rfu~::::n'elU"lJ'el-.:i ~1fu'el'WiJf'lt1 'n'W(?)'el'Wb 'Wn1~(?)';i""l9'1 l?l iJ\'r:imf11'el-.:i Minivol i'.!!il-.:i'W 

I I ,... I 

1. ~'el-.:itl1n~l?l11!l'n~-.:i1uufo~rn'V'l(Equilibrate)'Vl,X'el-.:i'n-.:itl1wwn'Vlrnilfi'lUfiilil~~1!l' b'U'Wb'l~1 24 
' 

Jr:i IJ-l-.:i 
I 0, I 

2. 6ft'-.:itl1wwnm::::l?l11!l'rn'el-.:i'V1Ufu~111'V'lbb~'l bb~::::91?l1J'W~nb'WLLUU~'elfil (111f1e..J'W'ln) 

3. v'i1m~ Calibrate Lf11'el-.:i Minivol f1'el'Wb-il''Ylnf1f-.:i L~mJfu5(?)~n1~LVl~"llmmmfll(Flow rate) 1«1.rJ{ 5 
' 

0, I 0, 

4. 1?1'1b'l~1t3'3-.l~'W b'l~1~'W~l?l"ll'el'1n1~'11?l 
' 

5. 91?l1J'W~n Elapse time "ll'el-.:iLf11'fl-.:iH 

6. tl1LL~'Wm::::l?l11!l'm'el-.:i1~1'W Filter holder ~i'.lir:ilmpactor "ll'el-.:J PM 10 LL~::: PM2_5 Lf11'el-.:i~:::: 

LL~'W LL~'lu~::::n'flrn-if1nrnf11'el-.:i Minivol 
I t,, I I I 

7. tl1L~1'el'1LU1?1'1'Vl ~rl1'W'Vl'Vl~'el'1n1~(?)'j":J'"J'11?l 
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8. Lnrnr1~'e:J,H~'e:JC1,,'JL'Jrn uri:il1rn:1?11~rn1eM1~1w nfiie:MLnu (petri dish) 

9. ~!?1UWfinElapse time L~'e:llflUlfij'fl,,'J L~'flL'DlWfl1J'r11W'JUJL'Jfl1~Lfl1'fl,,'J"11,,'J1W LLri:uwfin 

Flow rate fl'flW~r.i: calibrate Lfl1'fl,,'Jflf,,'Jr,J'flLU 

1 o. il1rn:1?11~rn'fl,,'JLUtJfu~nT111J~ i½'e:J,,'j<ff',,'Jtl1viun LUWL'Jfl1 24 i'J 1:i.N 
' ,., 

11. 'n,,'JlJ1VIUfl flJ':!?11~flJ''fl,,'J 
,., 

12. r11W')UJfl')1:I-JVIW1LLUW'JJ'fl,,'J~W f;l,,'JU, 

,., ,., 
= (il1viurn:Jwvi«,,'J-lJ1V!Ufle'.lm'e:JW) M:I-J1f?lffi:).J']J'f},,'J'fl1fl1A • • 

1JJ1twl W:I-J1f?lffi:).J']J'fl,,'J'e)1fl1f4 = 'e)[?lj)fl1J'LV!fl']J'fl,,'J'fl1fl1A (~f?lJ'/W1vi) * ~1W'JuB'') M (Elapse time vi«,,') 

- Elapse time fl'flW) * 60 W1YJ/1000 (wl'JtJl:1-Jlflmf:i.Ji?l'fl flU.:1-J.) 

13. LflUrn:1?11~rnmH~,,'J') bm1:v1m:1-J1rumfu'e:JWr,J'fl 1tJ 

14. tlX~'JJ'e),,'Jflt:!?11~flJ''fl,,'JLi"1,,'Jd 

' ' .:::::1- <V .-=I .d:4 

P-010402 = rn:!?11~flJ''fl,,'J'Vl'J!?1 PM 10 'JJ'fl,,'J'JW'Vl 1 L!?1'flWl:I-J~1tJW 2002 
' ' .-=I <V <V -=:l ~ 

S-150402 = flJ':!?11~flJ'fl,,'J'Vl'J!?1 PM25 'JJ'fl,,'J'JW'Vl 15 L!?1'flWl:I-J~1tJW 2002 

' ,., ,., 
1 Wfl1 J'') bfl J'1 :v1'll'fl¾J fl'e)1 fl1 J'U') tJ'Vl1,,'J t:UUVl1tJ 19 J'1tJ')WYl bflU 1 Wfl1 J~fl~1fl f,,'JU, 

0 

'Vl1fl1J' 

m rn J'nt11w ~'JW'll'fl¾J rim rn A'Vl1 rn J'') bm1 :vf t:"1U:l-.lflv:i~bb(?l fl :tff 'J nt11w L1?1t1n1 t plot b ~'fl~ fl'J1:I-.I 

bb'UJb'U~tJW'JJ'e),,'JJ':"1Ufl')1:I-J b 'll:1-J'llW:i.Jflv:i~ bbfalflbb fal,,'jfl1J'flt:r.i1tJ (distribution) ']J'e),,'JJ':"1U:i.Jflv:i~ b~'fl 
' ,, 

bb~(?),,'Jrhv:l~tJ, r11b'U~tJ, r11ifnt1z1w J''):).J'V],,'Jr)1 interquartile range "11fl1J'f?lJ'')9~'flU~Vl~mfwrl' 
,., ' 

( carrel a ti on) J':Vl~1,,'J tff 'J bb'Li t(?l'e:J LUU~'fl r11:1-Jriv:i~mrnA bbfl :tff 'J bb'Li rn~ !?1,,'J rJfW1l1'v'lmn1A~w7 1rJ\' bbfl 
,., 

~ «::ot. 0 i,, 

'flnJVIJl:1-J bbfl:'e:JUJVIJl:I-J9!?1W1fl1,,'J 
q 4J q 4J q 

n1 J'') lfl n :v1fl')1:i.J~mfWfiJ':Vl~1,,'J'fl1fl1J''Vl1-:J J':UUVl1tJ 19 nu t:"1U:I-J flv:i~ 1 wmrn AL i 

Generalized estimating equation, link= logit L!?1tJ~mfl1t'Vl1-:JJ':UUVl1tJL9lUWtff'Jbb'UJ'f?l1:I-J ~'JWiff'J 
,., 

bb'UJ';sM:LrJi' blflJ':"1U:i.Jflv:i~LW'fl1fl1A(pollutants), ~fWVl.!Jn (tern perature), ~rLlVl.1Jn'1!?1lJ1fl1,,'J (dew 

point), fl1"1U')W~~n~1 (day), blfl: ')W~!?1~'U!?11v1 (weekday) iWlltrnuwn1tin base model b(?)tJ 

fl1J' regress mrnt'Vl1,,'Jt:uuvi1t11r.ibbl?lfl:nrj:i.J ~,,'JLrJi'bbfl nrj:i.Jmfl1J''Vl1-:JJ':uuvi1t119~'Jw!Xw , mrnJ' 

'Vl1,,'JJ'::'.UUVl1tJL9~'JW'Lifl1tJ, L'fl lLfl:Vl'fJUCl!?1 fX'Jt1tff'Jbl'UJ';sM:r,l1-:i7 r;i'-:infi1'J n1n~'fln model ~ 

bVl:i.J1:~:i.J~~(?) b~'flfl91fl r11'JJ'tM AIC (Alkaike Information Criteria) ~~~~(?) r.i1mrw b~'fJLrJi' base 
• • ! 
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model U~'1 n1a{L~:l-Jr;J'JLLUn.Jfl-Wtl LLr,Jfl:rK1Lih1w model LU'W single pollutant model th1,1fun1J({) 

,, " 
fl'11:l-J~m~'wrl' f7U'1'Wfltl'WVIW1War'1t.l (lag 1, 2, 3, 4, 5 day) n:l-J'Vl'1f11 moving average 'JJ'tl"l 3, 4, 

" LLfl: 5 irwar1t.1 n1Jfol1'W'1ttlfl'11:l-J~mf'WfiJ:Vl';l1'1 tl1n1JVl1'1J:UUVl1t.lL"'lf7UJ':(;)U:l-Jfl'Wtl'W'W J1t.1'11'W 

LU'W Odds Ratio 'JJ'tl'1tl1n1J'r,Jfl fl'11:l-J L'll:l-J'll'W'JJ'tl"l:1-Jfl-Wtl~ LU~t.l'WLU 1 interquartile range n1J 
,, 

";j Lm1:'lf'lltl¾Jfl'Vl'1Vl:l-Jl?l L'TILUnLnJ':l-J~iiiJi SAS version 8 

I l/ ii t,, 

fl'11:l-JVl:l-J1t.1'llfl"lmn1JV11'1J:uuV11t.1L"'l'Yll'Dlwn1J";jLm1:'lfflf"lw 1rJ\"hXilt.11:1-J c;Y__,w 
., 

u RI= ~flmn1nuwV1<11?1V11flmn1Jr11?19:l-Jn V11m11J-Jn LVlflVl1fl L ~UflflVl1flJ':fl1t.1flfl 
" " ., ' 

.,i 1 <'l=l .,i 'l"""""" .,i 61 1'"" .,i LRI = fltl tl1n1J' fl VijtJ:l-Jb~:l-JVl:VIJ'fJVl1t.l b"'l:l-Jb~t.1'1'11?1VIJ''tlVl1t.l b'"l :l-J'tl:1-J Vijfl . 
' ., ' 

URI incidence= ~'tltl1n1J' URI YlLn1?1~U1mJ11?1t.1YlL~ilmn1J'11?17:1-J1rifl'WL1J'WL'1fl1 

'tl81'1W'tlt.l 1 '1'W (new symptom of URI without symptom one 

day previously. (for intermediate day with prevalence treated 

as missing for incidence) 

LRI incidence = ~tltl1n1J' LRI ~Lnl?l:n'W1Vl~ll?lt.1~1~ilmmJ'L1717:l-J1fltl'Wb1J'Wb'1fl1 

fl81'1Wflt.l 1 '1'W (new symptom of LRI without symptom one day 

previously. (for intermediate day with prevalence treated as 

missing for incidence) 

4.3 ~~n1i~nM1 

91nn1J'b!lU'lltl:l-Jfl 1a{n~:l-Jr;J'1tl81'1 L~n 104 fl'W tl1t.lb'U~t.l 9 U Llfl:n~:l-Jr;J'J'fl81'1m'Vlt"U 97 flU 
4J q q q 4J <V 

mmru~t.1 67 u vhn1nnu'llfl:1-JflLU'WJ':t.1:L'1fl1 99 <Yu 1wJ__, 2 n~:1-J LULLr,Jfl:<Ywru~t.1n~:l-Jr;J'1fl81'1L1X 
q 4J q q 

fl'11:l-Ji'1:1-JrlflLUn1JL!lU'lltl¾Jfl (response rate) ~'flt.lfl: 90 LUn~:1-Jb~nLLfl: ~tlt.lfl: 94.8 LUn~:l-J~Vlt"1j 

~ntlru:r,i1'17'llfl"ln~rnl11tJcJ1'1LL~!?l'1LU1J11J'1'1~ 4.1 

I I 19/ 
,.,, ..::,l.r:::,. ...... .c::l"""" 0 ,.,, 

'l'W'Ylb1:W 'l'W'Ylt'\'W~f11 "l1'W'l'W'l'W 

l'i1 b -u~~'JJ'fr-1~ 1'W'l'Wiil'l'el rh-1~ Lnu 1cKt 'Wbbr;J 

ft~i'W (min, max) 

'111~ 

'el1m<u~~ (mean) (SD.min max) 

104 

(04/17 /02 - 07 /23/02), 99 

94 (72, 103) 

35 

66 

9.2 (1.8,5,13) 
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97 

(04/17 /02 - 07 /23/02), 99 

92 (83, 97) 

16 

81 

66.8 (9.52,50,95) 



,., ' 
~hv1t'u 1 uL~ n fl'l16-l"ll nii f?l--l LL!?i 1?11 

q 

' ' 
VJ~(?J~'el'el1n1:i''We!Ui,(?l (wheeze) b'u~t1¥mm~ 1.5 !?i'el1'U 9Un--l~--l~(?l~'el 'el1n1:i'~'el¥'elt1~~ 25 !?i'el1'U 

q ~ q 

~r;iu1umvHD'el1n1:i'~L1JU'l:f'elt1~~(?l~'e}'t,1'e}Ui,(?l ¥'flt!~~ 8 !?i'el1'U bb~~~--l~(?l~'el'el1n1:i' l'flii¥'elt1~~ 50 !?i'el 
4J a., II 4J '\ 

' ,, 
1'u Li".l'elnmL!?i~~'el1n1:i'Li•'1~1UL1JUn~6-l'el1n1:i''Vl1--lb~U'l-nt119~'lW11u (URI) bb~~~')U~1--l (LRI) 'V'lU~1 

' ' ,, 
~11a1-:i-vf 4.2 bb~(?l--ln1:i'n:i'~91tl'1l'el--lfl'l16-l~ (¥'elt1~~) '1l'el--l'el1n1:i''Vl1--l:i'~UUv11tlb9!?i'el1'UVlbfl(?l~UbU 

n~m~mL~~mmu 
q ~ ~ 

~1~1~~ ~1~-:1~~ . ., . 
7.58 1.15 20.79 24.15 1.05 37.75 

20.07 9.47 38.61 34.99 4.29 24.42 
"" b9Ufl'el 10.37 3.30 21.78 31.12 4.36 22.99 

l'el 25.45 13.59 44.55 50.00 37.89 62.10 

19.97 9.00 35.71 38.17 30.43 48.39 

1.52 0.00 6.38 8.05 2.20 13.64 
' ,, 

bbUUv1U1'eln 2.63 0.00 8.33 14.85 6.59 22.83 

3.37 0.00 9.18 21.88 14.89 30.11 

6.06 0.00 16.83 8.65 1.02 15.79 

6.08 0.00 12.50 11.95 1.05 19.59 

URI Prevalence 26.88 13.75 45.54 51.42 42.70 62.64 

LRI Prevalence 32.39 20.00 48.48 60.32 48.31 72.34 

URI Incidence 10.50 1.30 34.61 15.89 5.66 46.23 

LRI Incidence 12.47 3.79 35.89 18.35 4.17 58.06 

:i-~~U'll'el--l6-l~vh11u'el1n1A1u-rlr;i--l~~m11LL~(?l--lbUm:i-1--l~ 4.3 LL~~ :i-tJ111'V'l~ 4.1 :i-~~ur:Ju 
~ q 

' ' ' ~ 3 ~ 3 ,J. • I .'I ~ 
PM 10 L'u~tl 48.4 µg/m , PM2_5 L'U~tl 30.9 µg/m '6'l'lUu:i'~n'elU'1l'el--l~U Total carbon (TC) b'U~tl 14.5 

µg/m
3 

b(?ltlL'UU organic carbon (OC) L'U~tl 6.8 µg/m
3 

i(?l~'l'W'll'el--l~m~n (PM2_5) LUU ¥'flt!~~ 64 

'1l'el--l~U'1JU1(?1 10 l6-lfl:i"el'W (PM10) bU"l!'l--l~~mniitJruWJnb'U~tl 30.1 °C fl'l16-l~Ui6-l~'Vlfi (relative 

humidity) L'U~tl 76.7 % LL~~ dew point b'U~tl 25.3 °C 
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PM10 i'.Jfl'".l1~~'a-J~t.lfiflUe)1n1'r'Vl1-:J'j':;1J1JVl1r.lL9 bbf?lll-lih!t.1~1An.J'Vl1-:J~(l[Jl LtJ'lJDJ:;~ PM25 ilm1~tw~ 

b~m~i~~t.lfifl1Jmn1'rVl'e:J1J bbf?llii'l"l1J~1ilwr.1~1An)'Vl1-:J~ii/J1 LtJ'llru:;~~tJVlt.111J'\"l1J~1ilfl'".l1~~1,Jfifl1J 

mmtl'e:J Lf?lm<u~m~m:;(?)1J~tJVlr.J11J~-:J~tJ 1 Interquartile range (IQR) L'e:Jn1~b~r.lsl'll'e:J-:Jn1tl'tl 
' ., 

b~~;ufom-i:; 4 (OR= 1.04, 95%1.0, 1.08) ~1V1f1J~'".ltJlh:;n'e:J1J'll'e:J-:J~tJ'l"l1J~1 Organic carbon(OC 

)mr.ii'.Jfl'".l1~i~~t.lfifl1Jfnn1'rl'e:J bbf?l'e:Jch-:il'rnf?11~ 1iiilwr.1~1An)'Vl1-:J~'7~ ~1V1fun1'1l~f1~'!.1[ll'".l~tJ7 

b'ntJ n1'1limvl'e:Jftf?l'e:J'e:Jnl'll!?1 (S02) ~bVl~'e:Jur.i:;i'.Jfl'".l1~i~~u€nu URS. mn1tl'e:J bbfl:;V1'e:J1J~f?l bbf?lLiiiJ 

Wr.l~1An)'Vl1-:J~(l[Jl ~1V1fu !71'lllt.llf?l'rb91-Jlf?l'e:Jtlnl'll!?1 (N02 ) Uf1:;n1'llfl1fu'e:JtJ~'e)1,JtJ'e)nl'll!?1 (CO) hl 
'\"l1J~1i'.Jfl'".l13'li3'1~1-Jfifl1Jn1nnf?lmm-rYl1-:J'r::'.1J1JV11r.lL9tlthsl'Tif?lb91-J 

100 

80 

60 

40 

20 

0 

Daily Air pollutants levels, Bangkok, April 17-June 23, 2002 

10 30 50 

Time 
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'911'a1-:J~ 4.3 LL~Vl--:Jf11L'il~t.16ll'a--:JJ-H'f~'l.1'e:l1n1ALL~::'.'Q!?JV,t.l~~'Vlt.l1 r:::Vl~1--:J~'i.!~ 16 L~'l.111:.l'W 2545 ~._:i 

23 nm!J1fl~ 2545 

aJ~'W1:t'el1n1 ~/ 

'el '91 'U t.l 3-1 ~ 'VI t.11 

• ..i 
Fl1b'il'lUJ 41'U'l'U1'U Interquartile 

q q 

3 
PM 10 (µg/m) 

3 
PM25 (µg/m ) 

3 
TC (µg/m) 

3 
OC (µg/m) 

3 
IC (µg/m) 

3 
S02 (µg/m) 

3 
CO (µg/m) 

3 
N02 (µg/m) 

PM25 / PM 10 ratios 

tln.!V1fli'JJ1t.11'W (°C) 
q '!J 

m1~~'W~~~'Vlfi 

J11:J')'W (%) 
.,. 0 ., 

tln.!Vlfl~~Vl'W1fl1--:J 
q 'll q 

r1t.11'W (°C) 

(Mean) 

(SD) 

48.38 (14.54) 

30.98 (12.14) 

17.84 (11.29) 

14.47 (7.63) 

6.81 (2.85) 

7.66 (5.61) 

7.43 (8.13) 

0.80 (0.57) 

14.03 (10.37) 

0.64 

30.10 (1.03) 

76.67 (5.22) 

25.34 (0.71) 

(Median) (Minimum) (Maximum) Range 

45.97 20.49 107.26 95 17.1 

30.19 5.52 75.32 95 13.84 

14.35 2.66 54.72 93 11.82 

13.05 4.91 68.97 99 6.81 

6.37 1.78 15.58 99 3.40 

6.96 0.03 53.39 99 3.53 

3.68 0.21 40.21 99 11.12 

0.63 0.1 2.85 68 0.66 

15.42 0.16 46.08 99 17.47 

0.70 0.12 0.93 93 0.24 

30.10 26.7 32.2 99 1.2 

77.0 63.0 92 99 6.0 

25.4 22.4 26.7 99 0.80 
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.d 
!Pl1'a1-:IVI 4.4 LL~!Mfl1 Odds ratios (confidence inteNal) "1J'eMFl'l1~"Jln"lJ'el-:l'el1n1J"Yl1-:lt:;uut-11uh • 

I I S, 

1-wn~~L~nvht:1-J•y~\Jffnumn~~~'W1 Interquartile Range ( IQR) "1J'el-:l:I-J~~11Lll9i~:;(9]'l 

'el1 n 1 'a'a~ 'LI 'LI 'el1 n1tata~'U'U •e11n1ta'l'el 'e11n1taV11~i.r.:i 

3J~~li'el1 n1 fll V11~i.r.:iihurn..1 V11~i.r.:i-cl1u~1-:i ... ~ ~ 3-lb ~-:l'J!Pl 

PM10 1.02 (0.97, 1.07) 1.01 (0.96, 1.05) 1.03 (0.99, 1.09) 1.03 (0.81, 1.32) 

PM2.s 0.99 (0.93, 1.05) 0.98 (0.94, 1.03) 1.00 (0.95, 1.05) 1.16 (0.91, 1.47) 

PM10-2.s 1.04 (0.99, 1.08) 1.02 (0.98, 1.06) 1.04 (1.00, 1.08) 0.89 (0.69, 1.15) 

TC 0.99 (0.95, 1.02) 1.00 (0.97, 1.04) 1.01 (0.98, 1.05) 0.95 (0.84, 1.07) 

oc 1.0 (0.96, 1.05) 1.01 (0.96, 1.06) 1.03 (0.98, 1.08) 0.96 (0.80, 1.16) 

IC 0.99 (0.97, 1.01) 1.00 (0.98, 1.02) 1.01 (0.98, 1.03) 0.9p (0.88, 1.05) 

N02 0.93 (0.87, 1.0) 0.99 (0.93, 1.06) 0.97 (0.91, 1.04) 1.03 (0.72, 1.48) 

so2 1.04 (0.98, 1.11) 1.01 (0.96, 1.07) 1.03 (0.97, 1.08) 1.05 (0.83, 1.33) 

co 0.97 (0.93, 1.02) 1.01 (0.97, 1.06) 0.99 (0.94, 1.04) 1.05 (0. 75, 1 .48) 

*Single-pollutants model including based model (temperature, weekday, and dew point, for 

wheeze model include only dewpoint) + pollutant 

'Vl1-:Jt~UU"11t.ll9 'el~h:ihn1?11~l~'Y'lUUtl~11"1tl.J'Vl1-:J~n~ 'W'flnr.i1n ~'W"1tl1U (PM10-2.5) ~,J'Y'lU~1:W 

Fl'l1~imf-wffnun~:I-J'el1n1t'Vl1-:Jt~UU"11tll9~'l'W~1-:J (OR= 1.08, 95%CI 1.00, 1.17 ) ll~~l,'e) 

(OR=1.09, 95%CI 1.00, 1.19) l'W"lJnJ~~ ~'WL~n'el19:WFl'l1~i:1-J~'Wfif1U'elU1lmtru"lJ'el-:!"1'elU~!?l bll9il~:W . ' 
S, ' I 

Utl~11"1tl.J'Vl1-:J~n~ ~'l'W'el-:IAUt~n'elU"lJ'el-:J~'WU'W 'Y'lU~1~'l'W'VllU'W Organic carbon (OC) :Wb'eln1~'Vl9~ 

:WFl'J1:I-Jim~\Jifnummtl'el U~9~l~:WUU~11"1tl.J'Vl1-:J~n~ (OR=1.04, 95% Cl 0.94, 1.14) 
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1?11'i1.:ivi 4.5 LLMl..:J~1 Odds ratios (confidence interval) "ll'el..:J'elU~mn1!renm:r'V11..:i:r:;uuvi1ulr.i 
' 

1tm~m~n~lii~'Wifnumn~ii~'W 1 Interquartile Range ( IQR) "ll'el..:Jil~~~LL~~:;l?l'J 

-enn1'i'i::::uu 'el1 n 1 'i'i:::: u u -e:11n1'aL'el 'enn1'iV11 tri.~ 
.... 

:iJ ~ w li'el1 n 1 fl! Vl1tlb~iq'J'W'IJ 'W V11tri.~iqr;iuih.:i a'.hitr.:it~ 

PM10 1.01 (0.93, 1.1 0) 1.05 (0.96, 1.14) 1.07 (0.98, 1.16) 1.02 (0.79, 1.32) 

PM2.s 0.96 (0.87, 1.06) 0.97 (0.88, 1.06) 0.98 (0.89, 1.08) 1.06 (0.83, 1.36) 

PM10-2.s 1.03 (0.95, 1.12) 1.08 (1.00, 1.17) 1.09 (1.00, 1.19) 0.92 (0.68, 1.25) 

TC 0.94 (0.88, 1.00) 0.96 (0.90, 1.03) 0.99 (0.92, 1.05) 0.84 (0.67, 1.09) 

oc 0.95 (0.87, 1.04) 0.96 (0.87, 1.05) 1.04 (0.94, 1.14) 0.89 (0.67, 1.14) 

IC 0,95 (0,91 J 1.0) 0.98 (0.93, 1.02) 0.98 (0.93, 1.03) • 0.86 (O. 72, 1.03) 

NO2 0.93 (0.82, 1.06) 1.03 (0.91, 1.16) 0.97 (0.87, 1.09) 1.09 (0.74, 1.6) 

SO2 0.97 (0.87, 1.09) 0.96 (0.86, 1.07) 0.94 (0.84, 1.05) 0.98 (0.74, 1.28) 

co 0.97 (0.87, 1.07) 0.99 (0.90, 1.09) 0.96 (0.87, 1.06) 0.95 (0.68, 1.31) 

*Single -pollutants model including based model (temperature, weekday, and dew point, for 

wheeze model include only dewpoint) + pollutant 

qlviqj ~..:J~U'l1 PM2_5 i'.lri'J1:I-H~t.l..:J~'el'Vl'e:lU~f?l~..:J OR= 1.05 LL~l~i'.l'Wt.1~1fltl,J'Vl1..:J~n~ ~hvifu 

~'J'WU:r:;n'e:lu Total carbon "ll'e:l..:J~'Wilri'J1:Wi:W~'WfiflU'e:l1n1:i'Vl'e:lU~f?l (OR= 1.06, 95%CI 1.00, 1.11) 
' 

bf?ll:J oc lii~'WfiflU 'El1n1:i'l'e:l (OR= 1.04, 95%CI 1.00, 1.08) LL'tl~ Vl'e:JU~f?l (OR= 1.08, 95%CI 

0.99, 1.16) LL'tl~ IC i'.lri'J1iliiJ~'WfiflU'e:l1n1:i'Vl'elU~f?l (OR=1.04, 95%CI 1.00, 1.07) 

,., 
~1vifu'e:lu~n1:rru"ll'e:l..:i'e:l1n1:r'Vl1..:i:r~uuvi11:.1lr.il'Wmviruu'WhJ~u'J1l:w~'Wifnu:r~rKu~'WLL'c1~ 

q ~ ~ q 

I I 

:W'ci~~l?l'J~'W'e:ll:11..:J"nf?\L'°l'W (!?11:i'1..:JV14.7) 
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'911'i1-:J~ 4.6 LL~V1'1f11 Odds ratios (confidence interval) ~t:h'lfl'J1:W"lln'JJt1'1mn1tY11'1t:::uuv111:J1~ 

1wnri:wMv1aj~~:w~w.inumn~:w~w 1 Interquartile Ra~ge ( IQR) 'JJ'tls'l:Wf'l~'l!tllfilf'l:::tK'J ., 

inn1<a<a~uu 'e:nn1<a<a~uu 1:nn1tat'el 'el1n1taV111:.11~ 

:I-J~~li'el1n1PI/ V111:lb~iJ'JU'U'W Vl11:Jb~il'J'W~1-:J .,. ~ .col' m 1:.1-:J'J!Pl 

PM
10 

1.02 (0.98, 1.06) 0.99(0.95, 1.04) 0. 98 (0. 94, 1.03) 1.00 (0.97, 1.09) 

PM25 1.03(0.98, 1.08) 1.02(0.98, 1.09) 1.03 (0.98, 1.09) 1.05 (0.97, 1.13) 

PM10-2.5 1.00 (0.96, 1.04) 0.97 (0.94, 1.01) 0.96 (0.92, 1.00) 0.97 (0.91, 1.04) 

TC 1.02(0.99, 1.05) 1.00 (0.97, 1.03) 1.02(0.99, 1.06) 1.06 (1.00, 1.11) 

oc 1.01 (0.97, 1.06) 1.02 (0.98, 1.05) 1.04 (1.00, 1.08) 1.08 (0.99, 1.16) 

IC 1.01 (1.00, 1.03) 1.00 (0.98, 1.02) 1.01 (0.99, 1.03) 1.04 (1.00, 1.07) 

N02 1.01 (0. 96, 1.06) 1.01 (0. 96, 1.06) 1.02(0.97, 1.08) 1.00 (0.88, 1.13) . 
S02 1.00 (0.96, 1.04) 1.00 (0.96, 1.04) 0.99 (0.95, 1.03) 1. 00 (0. 91, 1. 10) 

co 1.01 (0.96, 1.06) 0.98(0.93, 1.04) 0.98 (0.92, 1.04) 1.01 (0.90, 1.13) 

*Single -pollutants model including based model (temperature, weekday, and dew point, for 

wheeze model include only dewpoint) + pollutant 

'911<a1-:J~ 4.7 ll~V1'1f11 Odds ratios (confidence interval) 'JJ'tl'1'tlU~mm1mmtYl1'1t:::uuvntJ1~ 

1wnri:wmv1nJ~~:W~WfillUn1Jl~:W~W 1 Interquartile Range ( IQR) 'JJ'tls'l:Wf'l~'l!tllfil~:::tK'J . ., ~ 

'el1n1<a<a~uu 'el1n1<a<a~uu 'el1 n1 <at 'el 'el1n1taV111:.11~ 
., 

"' Vl11:Jb~il'J'W'U'W Vl11:lb~il'J'W~1-:J 
.,. .,. ""' :l-l~'Y'-lli'el1n1 Pl :1-J b '61ll:.l-:J'J !Pl 

PM
10 

0.95(0.88, 1.02) 0.95 (0.87, 1.03) 0.96 (0.88, 1.04) 1.03 (0.90, 1.18) 

PM25 1.04 (0.96, 1.13) 0.99 (0.91, 1.08) 1.01 (0.93, 1.10) 1.06 (0.94, 1.20) 

PM11}25 0.87 (0.80, 0.95) 0.92 (0.84, 1.00) 0.92 (0.84, 1.00) 0.99 (0.88, 1.10) 

TC 1.01 (0.95, 1.07) 0.97 (0.91, 1.03) 0.98(0.92, 1.04) 1.00 (0.90, 1.12) 

oc 1. 03 (0. 95, 1.11) 1.02 (0.95, 1.10) 1.01 (0.93, 1.09) 0. 97 (0.84, 1.13) 

IC 1.00 (0 .. 96, 1.04) 0.96 (0.91, 1.01) 0.98(0.93, 1.02) 1.01 (0.94, 1.09) 

N0
2 

0. 98 (0.88, 1.09) 1.00 (0.88, 1.12) 0.96 (0.86, 1.07) 0.99(0.79, 1.24) 

S0
2 

1.00 (0.92, 1.08) 0.91 (0.83, 1.00) 0.98 (0.89, 1.06) 1.03 (0.90, 1.19) 

co 1.06 (0.95, 1.19) 0.96 (0.85, 1.08) 0.95 (0.85, 1.07) 1.11 (0.96, 1.29) 

* Single -pollutants model including based model (temperature, weekday, and dew point, for 

wheeze model include only dewpoint) + pollutant 

(71111'1~ 4.8 ll~::: 4.9 ll~Vls'lfl'J1:Wl:W~Wfit:::v1~1'1n1t~:W~~ PM10 1ut:::tJ::: 1-5 ')Wfl'tlW (Lag 1 

to 5 day) ll~::: fi1tiu.~1:J PM 10 1w'll'J'1 3, 4, lt~::: 5 1writ1w (Moving average) 17U'Q1..'.w1mm1mmt 
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'V11..:it:;uuv11ulr.ilun~:1-JL~mb~:;n~:1-J0v1'1J l'l1J~1t:;t?fo PM 10 1 iuri'el'W ilfl'l1:1-Jimfulfnumn1t 

vl'elU~!?l lurn-l:J-Jb~n (OR=1.35, 95%CI 1.11, 1.66) bb1?JL:iJilfl'l1:1-Jimfulfnui!?lbr.i'Wlun~mrlmu 
, q llJ ell 

.d 
1?11'31.:J'VI 4.8 bb~!?l..:Jf11 Odds ratios (confidence interval) "ll'el..:J'elu1imm.fa1n1t'Vl1.:it:;uuv11t.11r.i 

I I ti q 

lun~m~nvilm,fulfnumnYl:J-J;'W 1 Interquartile Range ( IQR) "ll'el..:Jlli':1-J1ru PM 10 
lwrlr;i.:i 1-siuri'elu 

PM10 'el1n1'i'i~'IJ'IJ 'el1 n1'i'a~'IJ'IJV11 flt r.i 'e:nn1'iL'el 'el1 n1'aV11f1i.r.i 

V11 fltr.i~'Juuu 
I I 

i'.hifl.:it~ ~'J'W~1.:J 

Current day 1.01 (0.93, 1.10) 1.05 (0.96, 1.14) 1.07 (0.98, 1.16) 1.02 (0.79, 1.32) 

Lag 1 day 0.98 (0.88, 1.08) 1.03 (0.94, 1.12) 1.02 (0.93, 1.12) 1.35 (1.11, 1.66) 

Lag 2 day 0.94 (0.85, 1.04) 0.96 (0.89, 1.04) 0.96 (0.88, 1.05) 0.91 (0.76, 1.09) 

Lag 3 day 0.91 (0.81, 1.01) 0.98 (0.91, 1.06) 0.98 (0.90, 1.07) 0.98 (0.80, 1.20) 

Lag 4 day 0.93 (0.84, 1.02) 0.95 (0.87, 1.04) 0.93 (0.84, 1.02) 0.87 (0.65, 1.16) 

Lag 5 day 0.98 (0.91, 1.06) 0.99 (0.90, 1.08) 0.94 (0.86, 1.03) 1.13 (0.90, 1.42) 

MA3* 1.03 (0.90, 1.18) 1.03 (0.91, 1.16) 1.06 (0.93, 1.19) 1.03 (0.71, 1.49) 

MA4 0.92 (0.78, 1.08) 0.94 (0.82, 1.07) 1.02 (0.89, 1.16) 0.90 (0.68, 1.18) 

MA5 0.86 (0.72, 1.05) 0.85 (0.73, 1.01) 0.97 (0.81, 1.14) 0.84 (0.55, 1.29) 

* MA3 = 3 day moving average 

1?11'31.:J~ 4.9 bb~!?l..:Jf11 Odds ratios (confidence interval) "ll'el..:J'elU1\mtru'el1n1t'Vl1..:Jt:;uuv11t.11r.i 
I ' I ti 'I 

1untj:J-J0v1'1JvilmfulfnumnYl:1-J;'W 1 Interquartile Range ( IQR) "ll'el..:Jlli':l-J1nJ PM10 

lu-rlr;i..:i 1-s1uri'elu 

PM10 'el1 n1'i'i~'Uu 'el1 n1'i'i~'IJ'IJ 'el1 n1 'al 'el 'fl1n1'aV11f1i.r.i 

V11fli.r.i~1Juu u V11f1i.r.i~'Ju~1.:i ... i ~ 
m fl.:J'Jln 

Current day 0.95 (0.88, 1.02) 0.95 (0.87, 1.03) 0.96 , (0.88, 1.04) 1.03 (0.90, 1.18) 

Lag 1 day 0.93 (0.86, 0.99) 0.93 (0.86, 1.01) 0.98 (0.91, 1.05) 0.98 (0.87, 1.10) 

Lag 2 day 0 .94 (0 .87, 1 .02) 0.95 (0.89, 1.03) 0.97 (0.91, 1.04) 0.99 (0.89, 1.10) 

Lag 3 day 1.01 (0.93, 1.09) 0.99 (0.91, 1.07) 0.98 (0.91, 1.06) 1.02 (0.91, 1.14) 

Lag 4 day 1.08 (0.98, 1.20) 1.03 (0.95, 1.11) 1.03 (0.95, 1.11) 0.90 (0. 78, 1.03) 

Lag 5 day 1.08 (1.00, 1.17) 1.01 (0.94, 1.08) 1.03 (0.94, 1.12) 0.97 (0.86, 1.08) 

MA3 0.87 (0.78, 0.97) 0.92 (0.83, 1.01) 0.97 (0.88, 1.07) 0.98 (0.83, 1.16) 

MA4 0.90 (0.79, 1.03) 0.95 (0.84, 1.07) 0.96 (0.85, 1.08) 1.07 (0.90, 1.27) 

MA5 0.98 (0.84, 1.15) 1.00 (0.86, 1.16) 1.01 (0.87, 1.16) 0.99 (0.77, 1.28) 

mt1..:J~ 4.10 bb~!?l..:J m1:1-Ji:1-J~'Wfit:;v1~1..:i lag exposure l?J'el~'W"ll'W1!?lb~n (PM2_5) llU 

1JU'1imtru'el1 n1t'Vl1..:Jt:;uuv11t.11r.i lm~n l'IU~1n1timr~nut:;(?)1J PM2.5 L'W 1-5 'J'W ll'el'W(Lag 1 to 5 

day) bb~:;mtlmr~nu f11b'u~\:J"ll'el..:J PM2.5 b'W6.l!'l..:J 3, 4 bb~:; 5 'J'Wll'el'W (Moving average)1:iJi'.J 

fl'l1:1-Ji:1-J~'Wfinummt'Vl1..:it:;uuv11t.11r.ii!?lb9'Wt.fm'1'W fl'l1m-ir:1-J'n'W"ll'el..:J PM2_5 1 <J'Wri'elui'.J01r;i1:1-Jimfu1f 

1lU'el1n1tvl'elU~!?l'eltl1..:J"n!?lb'-l'W (OR=1.37, 1.12, 1.68) 
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~1Vlt'U1'WrrtVlajL~'V'lU~1J~"1U'1Jfl--:J PM2.5 L'Wf'W!lfl'W7iJ~'Vlfi'V'l~f?l'tln1Jlf1(;)fl1n1t'Vl1--:Jt~UU 

V11t.11r.:imh--:i-B'(;)l"'l'W (v11r1--:i~ 4.11) 

'911'a1..:J~ 4.1 O ll~(;)--3011 Odds ratios (confidence interval) '1Jfl--:JflU~mrnimn1t'Vl1--:ir~uuV11t.11r.:i 
I I ti q 

1'Wntjm~n'Vlil-l~'Wfinumn~l-l~'W 1 Interquartile Range ( IQR) 'll'eNUhnru PM25 
L'W'D'N 1-5f'Wflfl'W 

PM2s 'e:nn1-a-a::::uu 'e:n n 1-a-a:::: u u 'fnn1-a1'el 'fl1n1-a'Vl1~1'°l 

'Vl1~1'°l~'J'W'U'W 'Vl1~1'°l~'JW~h..:i i'.h~~ff191 
Current day 0.96 (0.87, 1.06) 0.97 (0.88, 1.06) 0.98 (0.89, 1.08) 1.06 (0.83, 1.36) 

Lag 1 day 0.91 (0.82, 1.00) 0.94 (0.86, 1.02) 0.91 (0.83, 1.00) 1.37 (1.12, 1.68) 

Lag 2 day 0.91 (0.82, 1.01) 1.02 (0.94, 1.10) 0.98 (0.90, 1.07) 1.10 (0.91, 1.32) 

Lag 3 day 0.93 (0.83, 1.04) 0.97 (0.89, 1.06) 0.95(0.86, 1.04) 1.08 (0.90, 1.30) 

Lag 4 day 0. 90 (0.86, 1.00) 0.92 (0.84, 1.00) 0.91 (0.83, 0.99) 1.01 (0.76, 1.35) . 
Lag 5 day 0. 92 (0.84, 1.02) 0.93 (0.85, 1.02) 0.89 (0.81, 0.99) 1.10 (0.86, 1.42) 

MA3 0.88 (0.77, 1.00) 0.96 (0.85, 1.08) 0.95 (0.84, 1.09) 1.27 (0.97, 1.66) 

MA4 0.90 (0. 76, 1.07) 0.93 (0.81, 1.07) 0.93 (0. 79, 1.1 0) 1.08 (0.80, 1.47) 

MA5 0.86(0.71, 1.04) 0.88 (0.75, 1.03) 0.87 (0.73, 1.05) 0. 93 (0.68, 1.27) 

'911'a1..:J~ 4.11 ll~(;)"A1 Odds ratios (confidence interval) '1l'eMflU~mrn1mmt'Vl1"t~UUV11t.lL"l 

L'WntjJ-_jrrtVfaj~iJ-_J~'Wfinun1n~J-_J~'W 1 Interquartile Range ( IQR) '1lfl"lliJ-_J1rLl PM25 
L'W'D'N 1-5f'Wfl'el'W 

PM2.s 'el1n1 -a-a::::uu 'el1n1-a-a::::uu 'e:11 n1 -a 1 'el 'el1n1'a'Vl1~1'°l ., 
'Vl1~1'°l~'J'W'U'W 'Vl1~1r.i~1'Wih..:i i'.Jb~~,.:i";j191 

Current day 1.04 (0.96, 1.13) 0.99(0.91, 1.08) 1.01 (0.93, 1.10) 1.06 (0.94,1.20) 

Lag 1 day 0.99 (0.91, 1.07) 1.02 (0.94, 1.11) 1.01 (0.94, 1.09) 1.01 (0.90, 1.14) 

Lag 2 day 0.97 (0.89, 1.05) 0.94 (0.87, 1.03) 0.97(0.90, 1.05) 1.02 (0.89, 1.16) 

Lag 3 day 0.98 (0.90, 1.06) 0.99 (0.91, 1.08) 1.02 (0.94, 1.10) 1.03 (0.90, 1.18) 

Lag 4 day 1.03 (0.94, 1.13) 1.04 (0.96, 1.13) 1.04 (0.96, 1.13) 1.01 (0.87, 1.16) 

Lag 5 day 1.04 (0.95, 1.14) 0.98 (0.91, 1.07) 1.01 (0.92, 1.10) 1.04 (0.94, 1.16) 

MA3 0. 98 (0.87, 1.10) 0.98(0.87, 1.10) 0.98 (0.88, 1.10) 1.05 (0.88, 1.25) 

MA4 0.93 (0.81, 1.07) 0.96 (0.84, 1.10) 1.00 (0.89, 1.13) 1.05 (0.84, 1.32) 

MA5 0. 98 (0.83, 1.16) 1.03 (0.89, 1.20) 1.05 (0.92, 1.21) 1.00 (0.78, 1.29) 

1?11t1--:J~ 4.12 bb~(;)"f1')1l-JiJ-_j~'Wfit~Vl~1"~'WVlt.l1U (PM10-25) L'W 1-5 f'Wfl'el'Wbb~~ b'U~t.l 3, 4, 5 

f'Wfl'el'W flU'elU~n1rrummt'Vl1"J~UUV11t.ll"l l'Wl~n 'V'lU~1 r~rKrn1'WVlt.l1U 1 f'Wfl'el'W ilr111l-JiJ-_J~'Wfi 
q q 

' ., ' 
Vl'elU~(;) ;"~m1ru~m1l-liJ-_J~'WfiiJL~'V'lUL'WrrtV1aj (1?11t1"V1 4.13) 
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~1'i1\I~ 4.12 ll~~-.:ifi1 Odds ratios (confidence interval) 'lJ'il--l'ilUijin1'Jrumn1'JYl1-.:J'J:::UUVl1tlL9. 

1im~~L~n~~infwffnumn~~~'W'll'il--l lnterquartil~ Range ( IQR) 'll'il-.:Jm~1ru 

PM 1-wih-.:i 1 5 '1'Wfl'il'W 'rn_?<; -

PM10-2.5 inn1'i'i~'IJ'IJ ·e::n n1 'i'i~ 'LI 'LI inn1'iL'el 'el'1n1'i'Vl1ll L r.i 

V11ll°lr.i~'Jwuw V11ll°lr.i~'Juih-:i ... i d' in ll \I 'J !Pl 

Current day 1.03 (0.95, 1.12) 1.08 (1.00, 1.17) 1.09 (1.00, 1.19) 0.92(0.68, 1.25) 

Lag 1 day 1.08 (1.00, 1.18) 1.08 (1.00, 1.17) 1.10 (1.03, 1.18) 0.98 (0.73, 1.33) 

Lag 2 day 1.02 (0.94, 1.10) 0.96 (0.89, 1.04) 0.98 (0.90, 1.06) 0.84 (0.68, 1.04) 

Lag 3 day 0.98 (0.90, 1.06) 1.02 (0.96, 1.08) 1.04 (0.97, 1.12) 0.88 (0.67, 1.15) 

Lag 4 day 1.01 (0.94, 1.09) 1.04(0.97, 1.11) 1.03 (0.96, 1.11) 0.82 (0.62, 1.08) 

Lag 5 day 1.05 (0.97, 1.14) 1. 05 (0. 97, 1.13) 1.03 (0.95, 1.13) 1.05 (0.84, 1.32) 

MA3 1.11 (0.99, 1.25) 1.08 (0.97, 1.20) 1.09 (0.97, 1.23) 0.84 (0.59, 1.19) 

MA4 1.06(0.92, 1.22) 1.03 (0.92, 1.15) 1.10 (0.97, 1.25) _Q.82 (0.59, 1.15) 

MAS 1.03 (0.87, 1.22) 1.00 (0.87, 1.14) 1.10 (0.95, 1.28) 0.77 (0.47, 1.24) 

~1'i1\I~ 4.13 LL~~-.:irh Odds ratios (confidence interval) 'lJ'il--l'ilUijin1'Jrumn1'JYl1-.:J'J:::UuVl1t119 

1wn~~rrtV1nJ~~mfwffnumn~4-J~U 1 lnterquarti;e Range ( IQR) 'll'il--llli'4-J1n.J 

PM LU'l!'J--l 1-5'1Ufl'il'W '1n-"" 

PM10-2.5 'el1n1'i'i~'IJ'IJ 'el1 n1 'i'i~ 'LI 'LI ·e:11n1'iL'el 'el1 n1 'i'Vl1 e.i 1 r.i ., 
Vl1l1Lr.i~'J'W'IJ'W Vl1l!Lr.i~'J'W~1\I i'.hie.i-:i~(P) 

Current day 0.87 (0.80, 0.95) 0.92 (0.84, 1.00) 0.92 (0.84, 1.00) 0.99 (0.88, 1.10) 

Lag 1 day 0.91 (0.84, 0.98) 0.89 (0.82, 0.96) 0.95 (0.87, 1.03) 0.95 (0.85, 1.16) 

Lag 2 day 0.96 (0.91, 1.06) 0.99 (0.92, 1.07) 0.98 (0.92, 1.05) 0. 96 (0.84, 1.09) 

Lag 3 day 1.01 (0.94, 1.09) 0.98 (0.90, 1.07) 0.95 (0.87, 1.04) 0. 97 (0.83, 1.12) 

Lag 4 day 1.05 (0.97, 1.13) 0. 97 (0. 90, 1.05) 0. 97 (0. 90, 1. 05) 0.89 (0.79, 1.00) 

Lag 5 day 1.05 (0.98, 1.13) 1.01 (0.94, 1.09) 1.02 (0.94, 1.10) 0.94 (0.82, 1.07) 

MA3 0.89 (0.81, 0.99) 0. 95 (0.85, 1.06) 0.97(0.87, 1.08) 0.96 (0.82, 1.11) 

MA4 0.93 (0.83, 1.04) 0.96 (0.84, 1.09) 0.94 (0.83, 1.07) 0.98 (0.81, 1.18) 

MAS 0. 98 (0.85, 1.12) 0.96 (0.82, 1.13) 0.94(0.80, 1.10) 0. 90 (0.70, 1.16) 

Y11-.:i'J:::uuv11t.119~1wfi1-.:iLLt1:::mm'JL'ilnU4-Jfl~'tl' 2 irwn'E!u (f?l1'J1-.:i~ 4.14) 'Elth-.:ihn~m14-J~4-J~wff 
V V 

LVlfl1UL~i'.l'l18~1rlnJYl1--l~n~ ~1V1fUL'WmV1nJ'l!whlY'lUfl'J14-J~4-J~Ufi'J::'.Vl~1--ln1'J~4-Jtr~ oc l'W'1'W = .., = 

fl'ElU7 numn1'JYl1--l'J::'.UUVl18l9'Elth--l'TI~L9'W (f?l1'J1--l~ 4.15) 
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1911i1..:i~ 4.14 ll~t?MIP11 Odds ratios (confidence interval) 'lltl-:JtlU~n1J'ru-e:nn1J''Yl1-:JJ':::UUVl1r.JL9 
1unrjw~n~«~~u1fnumn~~~u 1 Interquartile ~ange ( IQR) 'llt1-:iill~1ru organic 

carbon (OC) LU'11'N 1-5 fwrfow 
Organic carbon 1e:nn1ii~tJtJ 1e:nn1ii~tJ'IJ 1e:nn1iL'el 'el1n1i~1!1lr.:i 

~1!lb'°l~'JU'IJ'W ~1fJlr.:i~'Ju~1-:i ... i ~ m !l-:1'1191 

Current day 0.95(0.87, 1.04) 0.96 (0.87, 1.05) 1.04 (0.94, 1.14) 0.89 (0.67, 1.17) 

Lag1 day 0.95 (0.87, 1.03) 0.94 (0.87, 1.02) 0.96 (0.89, 1.04) 1.03 (0.82, 1.29) 

Lag 2 day 1.03 (0.94, 1.12) 1.07 (0.99, 1.16) 1.06 (0.97, 1.15) 0.91 (0.69, 1.19) 

Lag 3 day 0.96(0.88, 1.06) 1.01 (0.93, 1.10) 1.03 (0.96, 1.11) 0.82 (0.60, 1.12) 

Lag 4 day 0.97 (0.89, 1.07) 0.97 (0.88, 1.05) 1.02 (0.93, 1.11) 0.80 (0.62, 1.04) 

Lag 5 day 0.97 (0.89. 1.06) 0.97 (0.90, 1.05) 0.97 (0.90, 1.05) 0.91 (0.67, 1.24) 

MA3 0. 96 (0.86, 1.08) 0.99 (0.88, 1.11) 1.04 (0.93, 1.17) 0.88 (0.59, 1.32) 

MA4 0. 95 (0.84, 1.08) 0.99(0.88, 1.13) 1.05 (0.94, 1.19) 0.8:? (0.51, 1.30) 

MA5 0.94(0.82, 1.08) 0.98 (0.86, 1.12) 1.06(0.93, 1.21) 0. 76 (0.48, 1.20) 

(Pl1i1-:I~ 4.15 ll~IY1-:JIP11 Odds ratios (confidence interval) 'lltl-:JtlU~n1J'nJtl1n1J''Yl1-:JJ':::UUV11r.JL9 
I I !/ C\ 

1wnrj~0vi'1JVJ«~~u1fnumn~~;w 1 Interquartile Range ( IQR) 'llt1-:iill~1ru 
organic carbon (OC) LW'11'J-:J 1-5 fwrit1u 

Organic carbon 'el1n1ii~'IJ'IJ 'el1n1ii~'IJ'IJ 'el1n1iL'el 'el1n1i~1!1lr.:i ., 
~1!1lr.:i~'Juuu ~1!1 lr.:i~'Jt.1~1-:i iJbi!l-:!~191 

Current day 1.03 (0.95, 1.11) 1.02 (0.95, 1.10) 1.01 (0.93, 1.09) 0. 97 (0.84, 1.13) 

Lag1 day 0. 97 (0.89, 1.05) 0.98(0.91, 1.07) 0.96 (0.89, 1.03) 0.89 (0.77, 1.02) 

Lag 2 day 0.99 (0.91, 1.07) 0.94(0.88, 1 .. 01) 0.95 (0.88, 1.03) 0.91 (0.81, 1.03) 

Lag 3 day 1.00 (0.91, 1.09) 1.00(0.92, 1.09) 1.01 (0.93, 1.10) 1.01 (0.89, 1.15) 

Lag 4 day 1.00 (0.92, 1.09) 1.00 (0.93, 1.08) 1.01 (0.93, 1.09) 0.99 (0.85, 1.14) 

Lag 5 day 0.99 (0.92, 1.08) 0.94(0.86, 1.02) 0.97 (0.89, 1.06) 0.98(0.87, 1.10) 

MA3 1. 00 (0. 91, 1.11) 0.98 (0.89, 1.09) 0.96 (0.87, 1.07) 0.87 (0.71, 1.05) 

MA4 1.00 (0.89, 1.12) 0. 98 (0.88, 1.10) 0.97 (0.87. 1.09) 0. 89 (0. 73, 1. 08) 

MA5 1.00 (0.88, 1.14) 0.98 (0.87, 1.11) 0.98 (0.87, 1.10) 0.89 (0.72, 1.09) 

,, 
n1J'Am.11-w1Ji'll~IY1-:i11Xl{iwr;i1~wfl:::t1t1-:i PM10 , llfl::: PM25 iJm1~«~~u1fnumn1J'V1t1U~IYl 1w 

l~n 11J1m'tl.'i"l1:::«~~u1fnufl'l1~ lif~-ifw'llt1-:i~wmJu~:::~~~t1fwrit1w 1 fw ~'Ju~u1w'llW11Yl PM10-25 iJ 
,, ' 

fl'J1~«~~WfiflUtl1n1J'ltl llfl:::J':::UUVl1r.JL9~'JU~W ~'JU oc wwn1t1n1~ lUw1tl1Ji'VJ9:::«~~WfiflUfl'J1~ 

6.!Jn'llt1..:imn1J'Lt1 llfl:::VltJU~IYl l1J1r.J«-:imi,i91n1P11 Odds ratio (tlJ':::~1ru 1.04 -1.08 1w0vi'1J) 1P1t1uif1-:i 

~-:Jn'J1tl-:Jf1UJ':::nt1u~u ll~'J1Ll-liJ-wm~1f-1'1J'Yl1-:J~n~ ~'JW~fl~1.1tl1n1~Wl'J~U7 1Ji'llfl NOz, SOz, llfl::: 

co 1Xw1l-l'v'lU'J1iJfl'l1~«~~w1fnummrn1-:iJ':::uuvi1u19t1cJ1-:ii1J1l9W ~1lV1f;J~LJ-l'v'lUfl'l1~«~~u1f 
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...

"ll'el-1 clunu n 11Lfl (P)'e)1171 rvi1-11:::'l.J'l.J'W)tl Lr.i'elci 1-1-.n (Pl L9'W'el19 LU'WL V'l11:::n� a.J (PJ'J'elci1-11 un11Pi n111'WLU'W 
• • 

n11Pim.11V11-11:::'l.J1(P)�Vltl1V'l1J�1 clu�:::'el'el'13J'6'huvh1*Lfl(P)'el1ll11Vl1'11:::'l.J'l.J'\/111:JL9L(P)tlL'u'V'l1::: 
I '-' 

• 

L'WL�n'VJL'.U'WVl'el'l.J�(P) 't1'1ll11�rn.11LL'l.J'l.Jfl1fl(P](P)'1J'J1'1 (Dockery DW, 1996) ll11�ll'.111LL'l.J'l.J panel LL�::: 
I '-' 

time series fl'V'l'l.J�1 clu�:::'el'el'1'Vl1 L *'e1(?111ll1n-ihfrn.11'VJ*'el-1'umriiuJf 'Jt1'el1ll11Vl'el'l.J�(P)a.J1ll;'W (Norris 
q • 

_,. '-' 'i' rd • G et al., 1999) Vl'el'l.JVl(P)9'W(?l'el'1'W'el'Wb1'1V'ltl1'l.J1� (Pope CA 3 , 1991; Atkinson RW et al., 2001 ) 

'el1ll11thmtti'l.JV'l�'W (Pope, CA et al., 1991; Yu 0, 2000) m11-ift11a.J1n;u (Pope CA et 
I '-' 

al., 1991 ) LL�:::V111*�a.Jn'1fl1V'lU'el(P)�(P)�'1 (Veda! s et al., 1998) 61l'1t:-.1�n11PinM1il'V'l1Jfl'J1a.Jimfuif 

'1l'el'1clun'l.J'el1 ll11Vl1'11:::1J1JVl1tlL9 �'el (P)fl�'el'11l'l.Jll11�ll'.111 L'W!?h.:itl1:::LV1 fl� �1'Wa.J1 iK-1n�1'J 

V11tl L 9 'el ci1'1 l 1fl � n 11� mn fl'J 1 a.Ji mf 'Wfi1:::Vl�1'1'el11711Vl1'11:::1J1JV11 ti L 9 LL� :::'fl-1 rlU 1:::n'fl1J'1l'el'1 cl'W!!J-1 i'.J 
I I '-' 

'W'eltl L(P)tlL'uV'l1:::n11�nM1Lntl'Jll'l.J Organic carbon (OC) '1l'el'1�'W�:::'el'fl'1 Li'.l'el1J-Ju1Ua.J1U McConnell 

(2003) LL�:::flru:::V11n11�m.11'fl11111V1'el'l.J�(P)1m�num1t1utl1:::inru 475 fl'WLU'WL'J�1 4 UV'l'l.J�1rl 

fl'J1a.Jimfuifn'l.Ja.J��M'el1ll1f!L'W Los Angeles LL�:::V'l'l.J�1 oc 3Jfl'J1a.JimfuifnuhflVl�'e)(P)�a..f'e)nL�1J 

1m�n�L'.U'WVl'fl'l.J�(P) (OR=1.41/µg/m3, 95%CI , 1.12-1.78), �nm1�nM1V1rl-1t(P)t1 Delfino RJ, LL�::: 

flnJ:::, 2003 �ll'.111'fl1ll11Vl'el'l.J�(P)L'Wn�m�n Hispanic 1u Los Angeles 'Vl1ll11�nM1LL'l.J'l.J panel 
• 

study L(P)tl �(?)(?11a.JL�llVl'fl'l.J�(P)�1'W'J'W 22 fl'WVJll1''WLU'WL'J�1 3 L�'fl'W V'l'l.J�1 OC rlm1a.Jimfuifnum1 

Vl'el1J�(P) OR = 1.89 LL�:::3J'Wtl�1f"1'1JVl1'1�'1� oif'eli-1Ln(?l�'elll11�ll'.111J-l�'el-l�-IV'l'l.Jfl'J1a.Jimruif 

!?1'1ll�1'J L'.U'Wll11�ll'.111 L 'WL�ll� L'.U'WVl'el'l.J�(P) 

1um1�11M1� lfflLfl11:::-JV11lli'a.J1ru OC r.i1n �'WPM2
_5 �-ILU'W�'W'll'W1(P)L�n��1a.J11moif1ti-1 

�'J'W�1'1'1l'fl-11:::uuV11t11r.i1� LL�:::1111�nM1V'lu�1 PM
2

_5 i'.lt:-.1�!?l'a1:::uuV11t11r.i�r;iu�1-ii-11nn�1�u1miJ 
,., ,., 

(PM 10_2_5) 'fl'1rJU1:::n'fl1J OC 'W �'J'WLVl'1JLl1'11a.J191nf-11''W l'flL�t1r.i1nn1t1'W(?l't1'1 gasoline LL�::: diesel 
� I � I 

u'flnr.i1nilu-1'a1r.ia.J1r.i1nmnt:-.111 vi�'ll'fl-i1�. chu, n11'Vl1'a1vi1161l-1V'lu1uv1u'VlPinM11� L-rlunu LL� LL!?l 
� " .,, _,. .'I J "' '!:I '!:I " .- ..., � � J ..., r.i1nn1nt:-.11 bVla.J'll'fl-ln1".l! V11'elJi'WVILn'1191nn1m�t1'11�'ll'fl'1�'elt11-1rnt1u(?l t1-ia.Jn11V'lnM1mmnut:-.1�'ll'el-l 

clu oc 1?1'ai1-imt1a.J'WMrJ'W'flt1 LL�LL1?1n11�nM1V11-11:::u1'1l�V1t11ni'.lu'am-rlunu LL1?1 clu oc i11uV11-1 
• • • 

6n'Jfl1V'li:l�'J'W'Vl1L1XLn'11'el1n11Vl'fl'l.J�'111r11 n11�nM11u Los Angeles V'l'l.J�1 oc LL�::: �11 Polycyclic 

aromatic hydrocarbon �'eltj1u�uL�nt!ui'.19V1fLu'W oxidative �-ILU'W'e1'W(?111tl1?1'elL".l!�ff �'W oc t!u 

�'J'WLVlnl Ln '1191n l'el L�tl1'1tl'W!?l L'11tlL'u'V'l1:::l'a91nLfl1'a-1t1'W!?l diesel n11�nM1V'l'l.J�1 clur.i1n diesel 
., q 
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., ., 

( Li, N et al., 2002) 'Vl1L1XLn!?lVlflUi1!?191flfl1jlL���1tl�WYl-:JLW�[?l')YW1f'lfl-:Jllf'l:::1wflW (Sydbom A, 
.,

2001; Hashimoto et al., 2001) L!?ltl'Y'l'Jn�1rnihL�4'unrn:Jw diesel 1�� Wflfl91flW�W91fl diesel 
� q q 

L fl-:ini'.i�m1111X Lfl!?l fl1 j'eJfl L�U'llfl-:J'Vl1-:J j:::uuvi1t11 r.i fl1 jAn111r.i1n �'Jwldfl L�fl Uf'l :::�1 j� C?1v1i-:i 1u 
I V 

Vlf'lfl!?lf'l:W'VJL�91fl bronchial lavage 'Y'IU�1 �w diesel lvlf'l1Wth:::nflU�'Jtl polycyclic aromatic 

hydrocarbon, halogenated aromatic hydrocarbon, LLf'l::: quinine zj-:iiJ oxygen species 'Vl1L1Xln(?l 

oxidative stress (Hiura TS, et al. 1999; Casillas AM et al., 1999) 

t, I 

fl1 jA fltl1WlUWfl1 jA fltl1 lfltl'J nrnrn rn:::'VlU'll 'e)-:) �w 
q 

organic 
t,, I I l 

fl1jAfltl1wiJr.i!?l LL 'JJ-:J�'e) lU'Wfl1jAfltl1 LLUU panel study �-:) LUWmnnU'liflJ.!f'lf?l'e) L 'Wfl-:JflWYJfll)Wl �'e) 

Lllit!U'e) 1fl1 j'VJ1-:J j:::UUVl1tl L 9'1J'e)-:j fl'WL�m nwnu j:::cPlU:1-Jf'l�tl� lU�tlWLLtfo-.:i 1tJ 'Vl1fl 1 nnu-if m-.1 f1 L!?ltl 

fl1j�:wn111ruwflrJ1wmjAn111 � � 

' ., ' 

mmA�-:JLU'Wf11L�tl'Jfl'W�1VITIJYJflflWLWUf?lf'l:::1'w cP1-:J'WWfl1jUj:::lnwmj�:l-J��m'e)fl1�flf'l1!?1Lfl�'e)WL� 

1J1-:J fl81-:JLjf7� lUW'lifl�1f7(11'1J'e)-:)fl1jl)(?]Uj:::lnwmj�:l-J���'Y'lUL�lVl5'.iflWf7Ufl1jAfltl1jUblUUdbbii'Uf?l � 
" ., ' 

1 Wfl1 jAfltl1 LWf?l 1-:JU j::: l 'VlAll'Y'lUUQJVl1WL 'Ilwnw LWl fl1 jf1fltl1UL�'Y'lm m:w f1 !?l fl'J1 :Wflf'l 1 !?l Lfl �'e)'W L!?ltl� 
= � 

I t,, t,, I 

'VJ'tl8LWfl1jAfltl1Yl-:JVl:W!?lfl1Atlfl8LW'll:W'llWl�tl'JflW llti:::1J-J1�fl8L'W1Xfl-:iufumn1AC?1-l'W'Wf11fl1fl1A'VJL� 
'\J 'U q 1l.l 

il1r.i:::LUWrll'JU'VlWUj:::Ln'Wmj�:l-J��1�� 

wt1r.i1nAn1111wflf-:idhJ�1:w1jmL�C?1-im1:w�:wvrwifj:::V1�1-:i oc nummj'Vl1-:Jj:::uuvi1t11r.i 

fl81-:J'D!?lL9W'Vl1-:i�niJiYC?1t1b'u'Y'l1:::1wn�m�n LLf?lnrT-:i1J-Jmr.i�itJ�1 organic carbon 1J.Ji'.im1mh�CJJ 

lMm-iffl-:inumnnC?1mn1rn1-:ij:::uuvi1t11r.i LLf?lmr.iLuw1tJ1��1 oc 1w�w�An111rlwf'lrn:::'VlrnLuu 

V I I 

Wflnr.i1 nWfl'J jiJ m jf1fltl1'Vl1-:J LL VI f'l-:J'V1:W1'1lfl-:Jfl-:J rf tJ j:::nflu�wtJ j:::nflu 1u�'Jtl L �fl 11Xrlw ti 1wm jti!?l 
., "

lLVlf'l-:Jn1LilC?1�WLV1f'l1u6wr.i:::'Vl111X�wLVlf'l1Wf'l!?lMf?lflLU 
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iJ ll1 :i'~ m11~ fl1 (?JU :i'~~1 ruut~ bl:J'll'W'll'eM bfl:i'-.:1 ll1:i'fl'JU fl~ ~~~~'Vl1-.:J'el1 ll 1 ~L 'W'Vl~U'e) L~1'll1 
q 

!, I I 

L'WW'elLL~~U:i'~L'Vl~1·wmu1:1hu1?1~1fo1?1ll~L~L,:;'W~1Ln'elilt:.J~llt~'VlUlP1'el~'llJ71'V'l tl1~(?lt)-.:)t:.J~U:i'~bl:J'll'W'VJl~ 
q q ,, 

r.nnmt~ (?Jt:.J~nt~'VlUlP1'el~'llJ71'V'l LVi~1'WLU'WlU(?]'J'll'el-.:J L~'WLL~'J'V'lU~1il ~1~-.:1~111 ( Ostro and Chestnut, 
,';3 I 11Q/ I ~ '1 J I J .c:!I J I 

1999) ll1:i'l"lll~1 LVl~1'Wl:l-.:J'V'lU'J1 fl'J1~'V'l-.:J'V'l'el h9'Vl9~911:J'll'el-.:1~1fi1:i'n.J'll'WL'V'l'el~ (?l'\ii:i''el L~l:J-.:1 t:.J~llt~'VlUl?l'el 
I I !, 

~'llJ71'V'l i'WLU'el-.:1~191 ll'el1 ll1 ~ LU'W~~3!nn ~1 Lf1'Wll~1 ~1 fl')1~~qj'Vl1-.:J LM~jf19'VJ Lfl(?l;lJ91'-.:i ( :i''J~n-.:i 

~61! L~m11:11~ LL~~~1fo~1'V'l 1:11u1~ Ld'elL9UU'Jl:l) ~1 fl'J1~~-.:J'V'l'el L9~9~911:l (willingness-to­

pay:WTP) LU'WU991:Jih~qj(?]'JV1i1-.:i1umt'lLflt1~'1-f~1'll'el-.:Jll1:i'~(?Jt:.J~nt~'VlUlP1'el~'llJl1'V'l,J'el-.:J~1fi1tru'll'W 

~-.:in~1'J9~~1~1:i'n'W1~1U:i'~l:Jll l?l!lUU:i'~L'Vl ~l'Vll:JVl1'elut~L'Vl ~~'W 1 ~-.:iilir ~'W1fi:i':i'~ LL~~~11?1:i'lii1'Wll1:i' 
q ~ ,, 

fl:i''e)-.:J~'V'l Ul?llllP11-.:J'el'ellllUl~Vl1'el1il ~-.:J'W'Wll1:i'~ll~1Vi1~1 WTP 'll'el-.:IU:i'~6Jl1ll:i'll:i'-.:JL'Vl'V'l~Vi1'Wfl:i' L'Wll1:i' 
q 

1 1u ~1mvl1:1-.:i1(?1 fl'J1~'Vl1'Vl11:l'll'el-.:Jll1t'el'elmLuucl1t'J9 WTP cl1V1fo'el1ll1t'Vl1-.:i~'llJ71'V'l~'el 111t~~1-.:i 

~1t71~LU'Vl1-.:1~9~•1h1:11~n~~(?]')'e)ci1-.:J~(?JL'W~J71'V'lfl'J1~LU'W91'-.:JL~l:J'J!lUll1:i'LL~mu~l:J'W (tradeoffs) 
q 

,, 
~~~'W'Wll~~~ll~1'el19i'.Jfl'J1~ 

q 

1:11nihu1nl'Wll1:i'l?l'elU~1m~L~mnu WTP ll1:i'~1:i"J9LLUUd1~illl1t'Vl(?l~'e)ULL~~~n1.if'elci1-.:J 

ll'11-.:J'll'J1-.:I L U~Vif 1'J'e) L~1'll1 LL~ ~I:] hu (?] ~')'W(?] n L ~'e) (?]:i"J9~'elUU :i'~L~'WlP11-.:11 L~ m nu ~-.:i LL') (?l~'e)~:i") ~J-.:i 
~ q 

I t,, I I 

~1t11~Lnmnu'el1mnV1~1-wu~1ilt:.J~lP1'elm1~f~n~'llJ71'V'l~'elci1-.:ih LL~~'el~l:i''VJ'V'l'JllL'll1r.i~r.i11:1L~'el~(?l 
,, 

'el1ll1:i'L9UU':lm'Vi~1'W'W 

L'Wll:i'-.:1 L'Vl'V'l~Vl1'Wfl:i' 
q 



1'wn1nflU'll'El¾Jflt-lflnt:'VlU'Vl1'1Ji'1ULAJ'11JA1~vlf 1mfin1J'LflUb(?ll:Jn1J'L-nLLUU~'t1Um~ 

(Jl1fle-JU'm) ~~n111ru Vui"l1:n~~rJf'l'Elt!1-:Jrrtm1J~'Eltj1u Panel Study 'l.l't1-:J't11n1tt:uuvi1mr..itw'~U 

'i' 2, 2, .J %. ..-.J~ ,i,., ';;'11 ' "" 
bl7lm91Vlt.!1'Vlt'i~Jl111ill'Vl b171J'Un1J'wn't1UJ'~~1'Elt.11'117l bl?lt.11J1ur11m~LLfl:'ElfiU1t.lL~~L~~1iXminfi~ 

q 

rJfCJmh-:i rf 1vnn 1:w Lif 11r..i bl?lt.1r..i:iJfo-:i 1iXn~~ffl'l'Elt!1'1 L'll11r..if\1m~'Eltl1-:i~ L~mi'Elu ~-:Jf-l'Elt.1vl't1Ufl1n1~ 

LV1fi1t!u L0't1-:ir..i1rnuuf\1n1~~fol'EJU'll1'1t.11n 91U'lt.lffl'".l'Elt!1'1~UlUlJi'r..i1-:i7 ~-:ii'.hvlm 87 flt.! ~L'll1L9 

bLfl:vl't1Ufl1'11~lJi'r..i1-:i 

r..i1nt-if!n1tAn111 Time series 'l.l't1'1'elvlJ'1n1J'vl1t.l bbfl:Panel Study 'JJ't1'1'fl1n'JJ'J':uuvi1t.11r..i 

J'1t.l')t.l l:WV'lUt-1 fl rn:'VlU~'Dl?l L 9U'JJ't1'1~Ufl :'El'EJ-:J{J]'EJn1 J'Lf717l'fl1n1 J''Vl1'1 t:UUVl1t.l 1r..i ~-:ivh Llli:W~1~1 m 
0 i,I .J G' ~ ~ ~ ~ ,cil .J I 

U1'l.l't1~ fl'Vl mur..i1 nm tAn111fl Nu~11..h:L~um1~V'l-:JV'l'El 1 r..i'Vlr..i :r..i1t.1 (WTP) m'El m tLfll?l'fl1n1 t'Vl1-:i 
" ., 

t:uuvi1t.11 r..i (71-:J'WU~-:i 1rKl-if if 'El~ tl 1 UJl1V'l t'l~'l.l'El-:JU t: L YlA~1~1vh m tu t:Li:lut-i fin t:YlU'l.l'El-:Jt:!Utl :'EJ'El-:J 
" ' 

{J]'EJn1J'vl1t.lfl't1UL'lfl1'elt.lfl'lJ' (Premature mortality) 

Ji'r.JmVl!?J~n1J'An111 L~mnu WTP lt.!UJ':L'Vlf"!l'Vlt.1i1'-'i1n171 

n1J'An1111u~vifs'Elb~1'n1~1ufob'll1flU~mumtru1uut:b'Vlf"!l'Vlt.1 

(Assumption) ~LV1~1:~~ ~-:i1:w1Jfvi~1t.lfl'l1~'J1f-11'll't1'1;~[?]Vl1'Elf-11~9:i'.J~'lJJl1V'l~1uut:L'Ylf"!l'\llt.19: 
q 

t,, t,, t,, I 

LL[?ln(J]1-:JflUlUUJ'~L '\llf"!~Vlf~'EJ L~1m L Ylm U{J]'J1 lt.ln1J'UJ':Li:1Uflf-:Ju f-11'JJ'fl'1 L~WUUIJl'l:ilr!l?lYJUflflfl LL(J] 
d.3 q 

I I I I 
-=,l 1 di i,i -=i I ~ ~ 

fl :rn.Jt.l'fl~'\ll"l :r..i1t.1 L V'l'fl (;\'fl-:) n1 J''\ll"l :fl l?lt-1 tln t:YlU[?l'fl ~'JJJl1V'l L U'fl'191n~ fl'V'l11'\ll1'1'fl1 n1 A 
' 

~Vlf~'El b~1'm f-11'JJ'fl'1 b~t.l[?l1~ffl'".l bfl'JJ'fl199:~-:Jn'J11uut:b'Ylf"!l'\llt.1 LL(J]tl1 LVlt.lU bUU~l?l~'lt.lflU~-:J~i'.J'flt!lt.l 
d.3 " " 

UJ':LYlf"ll'Vlt.1 f-11~t.l'fl~~r..i:roi1t.11uuJ':LYlf"llYlt.l'fl199:~-:in'J1lt.l~VlfJ'flL~1n1 

,, 
1 un1 J'An111u1Jf u J': Li:lue-i fin J':'\llU'JJ'fl-:J ~Ufl :'fl't1'1 (J]'fl n1 J'[?l1t.l fl'flt.!L 'l tl1'elt.lfl'l d (Premature 

mortality) bl?lt11-ifmfn1uL~'1LAJ'11~A1~[?lf 4 LLU'l'\ll1'1(7)-:Jd 
d.3 

lt.!U V'l.A. 2542 

Environmental Protection Agency : USEPA) 1Ji'YlU'\ll'".lt.ln1tAn111V1tl1t.1iu1u~vifj'flL~1m ~ 
' ' 

UJ':Li:!Ut-1tlrn:Y1UYl1'1LAmJA1~[?lflui1fouu WTP V'lU'J1f-11VU~t.1'fltjV1 6.6 ~1um1m)J~VlfJ m'fl 1 
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:i'1t.l'lJ'e:J-:Jn1:i'[?]1t.lfl'tl'W'1t.l'e)'Wfl'"J:i' (Premature mortality) 

1h:::aJ1rum:i'~1 t:-if'ln:i':::VJU"l1n~wf'l:::'e:J'e:J-:JLWmmfi'fjjm1aJ~aJ~wifnu'5[?]:i'1n7:i'[?]1t.Jri'e:J'W'1t.lfl'Wfl'"J:i' 900 
t, 

:i'1t.l"l1nn1:i'~mrfi\e:Jw1w:i':::tJ:::~w fil13-.11JtlW13-.11U:i':::d1wr-hvn-:imn1wwhnu 255.6 ~'W~1'WU1'Vl 
q 

'1 ::"I ~ 2,..; ~ .J. I ' ""' .'I 
L'Wu Ytfi'f. 2540 w13-Jn7:i'flrn11'Vlu:i':::aJ1rufl1'Vl1-:Jmn-:iw'lJ'tl-:Jt:-if'lrn:::'Vlu"11nw'Wf'l:::'e:J'e:J-:J 

q 

... ., 
'lJ'W1f?I b~n 1wni-:i l'Vl~aJVl1'Wfl:i' Lf?lt.JL'D'Vl(l11D WTP t:-if'l"l1nm:i'An111flf-:iuwbbfi\f?i-:J 11X b ~w~1 fi\1aJ1mw1 

t:-if'ln1:i'An1111wfllvif~'e:JbaJ1maJ1tlfu1-if1wnNb'Vl~aJVl1'WmLrJ\' (Chestnut et al., 1997) ~-:Jb~'e:Jntlfu~ 
~ q 

"1'"Jbf'l'lJ 0.5 VlaJ1t.lfl'"J13-.1~1 fl1'lJ'e:J-:JWTP 'lJ'e:J-:JU:i':::'ll1'llw1wnt-:Jl'Vl~aJV11wm lU'W;<'e:JtJf'l::: 50 'lJ'e:J-:JU:i':::'ll1'llw 

1wfllvif~'tl laJ1n1 
~ 

"11n[?]1j1-:J~ 5.1 9:::b~wH1~1 fl1 WTP [?]'e) 1 :i'1t.l whnu 142 ~1'WU1'Vl b~:i'1:::'U~1lw fl1 WTP 

"11nn1:i'[?]1t.Jfl'e)'Wl'"Jf'l1'e)'Wfl'"Jj j'"JaJ'Vln hmvhnu 127.8 ~'W~1'WU1'Vl 
q 

bb w1V11-:ivl 3 1'Iffi1tlfu~"1'"Jbf'l'lJ 0.3 Lf71ti1'If'5[?]:i'1~'"J'W'lJ'tl-:Jt:-i~[?]Jln.J"VlaJ'"Jf'lJ'"JaJ 'lJ'e:J-:JU:i':::b'Vlfi'f 

(GDP) [?]'e:JU:i':::'ll1'llw1wni-:ib'Vl~aJVl1'Wfl:i' ($ 7,500) [?]'e:J GDP 1wtl:i':::b'Vlfi'!filVlf_3'e:JlaJ1m ($25,800) Lf?lt.J 

ik-:i'e:J8U'W~'W~1'W~~1fl1 WTP 'lJ'e),:ji:-Jf'lrn:::'VlU"l1naJf'l~'J1[?]'e)fi\'lJ[l1~:a-:inu:i'1tJLrJ\' 9:::LrJ\'fi1 WTP 'lJ'tl-:Jn1j 
"' ~ q 

1wtl:i':::b'Vlfi'fl'Vlt.l Lf?lt.11-ifmfrnnru6Vl[?]13-Jfl'"J13-Jbb[?]n[?]1-:J1w'5[?]:i'1fl1~1-:i (Wages) :i':::V1~1-:itl:i':::b'Vlfi'fl'Vlt.1nu 

1h:::b'VlA~Vlf~'e:JbaJ1m [?]1J1-:J~ 5.1 bbfilf?l-:i11Xl~'W~1 fi1 WTP ~1vifum:i'[?]lt.lfl'tl'Wb'"Jf'l1iwm:i'J'"JaJ'Vln 
~ q 

L:i'flL'WU:i':::b'Vlfi'fl'Vlt.l b'Vl1!lU 51.3 ~'W~1'WU1'Vl 

... ... t, 

nN b'Vl~3-JVl1'Wflj L'Wn1:i'~n'l11flf-:ii11rJ\'1-if bb'\,,l'"J'Vl1-:J'Vl-:J 4 'l]'e) bbf'l :::w1fi191nm:i'An111 L'Wfi\Vlf~'e) b3-Jtn13-.11 
q ~ 

tl fu 1-if1 lX b 'lf 1 nufilri 1wn1 :i'ru1 wtl :i'::: b 'Vl fi'!L 'Vlt.l 
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fi1 tl ·n: 3l1 ru m.:im -ab'~ U'll'fl•m1 -a 
li11Eln'el UL'l~1'e1U rl'l'i 

UJ'el 1 'i1El 

t, "' V 

6.6 &'l1'Wb'm'i:l!;)J~'\,l'lj 

284 ~1'WU1'YI 

r.i1nn11'l.ifri11.h:;:i.nru 50% 'Jl'fls:J 

ri1~1Ji'r.i1nn11~m11 'lu~'l,lf1ii'1 
d!l 

142 ~1'W1J1'YI 

r.i1nn11u1:;:i.nrut191EJ'l.ifri1i191~r;iu 

'Jl'els:l GDP 'Jl'el-:JL'Yli:Jll'lJ ~vl¼°1ii'1 ~'el 
d!l 

30% 

85 ~1U1J':1Yl 

r.i1nn11'l.ifri1u1:;:i.nru 20% 'Jl'el-:J 

ri1~1Ji'r.i1nn11~m:t1 'lu~vlf~'1 
d!l 

(,11:1-J u 'W'l'Yl1-:J'll'fl-:Jfi'W1r111 L&'l n 

57 ~1'WU1'YI 

'tl1b'Vlliln1'ili11El . 

., 
n1'11i11i:Jf9l'ltl'Yjn 

~1b'\,I(,] r.nnn11 . 
i:wtr~ e:Ju'lu1:;EJ:; • ., 
iu 

., 
n1'1(,]1i:ll91'li:l'Yjn 

~1b'\,I(,] 91nn1'1 • 

., 
n1'1(,]1i:J191'li:l'Yln . 

., 
n1'1(,]1i:Jf9l'li:l'Yln 

' 

'l
.,v .id d , 

* 'Jl'fl(,]'11n1'1bb&'lnbu&'li:J'W'YI 43 1J1'Yl(,]'fl 1 U.S.$ 
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~1U'lUn1'ili11El 

L~EJtl-a::mru 
1u 1 tJ 

900 

900 

900 

900 

3J~fl1 .. 
ru U VU'!. 

2545 

(wuif1u 

b'Vl~Elty't!Vl-r~) 

$5.9 

$2.97 

$1.8 

$1.2 

3J~fl1 .. 
ru U 'YU'I. 

2545 

(wuif1m.J1V1)* 

255.6 

127.8 

76.5 

51.3 



.d 
'Uo/lo/1 6 

'LI 'VI� -atJ bb '6'l � °1J 'el b � 'W 'eHb 'W � 

91flf71'J'�rn.11°rj�r.11uVl�1rJ7U'J'::'.bVWl 'l"IU'J1f71'J'f�i1e:f�nUt1'4J71fl:I-J��1'J' (Particulate Matter 

PM) 1uU'J'Jr.l1f71Al(?lr.Jb'U'l"l1::'.'lJ'l-J1(?lb�flfl'J1 10 l:1-Jfl'J'tl'l-J (PM
10

) nr1'l1:I-J�:1-J�'l-Jfif7U'a(?]'J'1f71Wl1r.lfltl'l-.l 

b'lti1'a'l-.lfl'l'J' (Premature mortality ) 'J''l:I-JD--'.ll'J'flbb�::'.'tl1f71'J'Vl1'1'J'::'.UUVl1r.J19 bb�:::m1:1-J�r).Jb�r.JV11'1 
I t, I 

bA 'J'tl�n9'Vl(?]1 :l-.l:l-.l191flt-i tin 'J'::'.VlUVl1'1�'lJJ71'1"1'W:l-.l1flfl'J1f71 'J'�--'.IVl'l-.l 1u:1-J1(?] 'J'f71 wh-:i7 b YJtJ�{?l 'J':::�u PM 
,1..3 , , 10 

91 fl t-1 � f71 'J'(?] J'l91(?1 fl n.JJ71'1"1tl1 f71A'l"IU'J11 'l-Jfl 'J'--'.I b Vl'l"l:I-JVl1'l-Jfl 'J'nl.JJ:1-.l 1ill'tl'l-JJ71 fl:1-.l� �1 'J' 1n ilf bflr.1'1 
q q q 

I I t, 

l(?lr.Jb'U'l"l1::'. PM
10 

1uni-:ibVl'l"l:I-JV11'l-Jfl'J'lJi'nmrn(?l�--'.191fltl�i?I �-:i1uu 'l"I.A. 2544 n011m�u0'-:i 

fll'1bVl'l"l:I-JVl1'l-Jfl'J'�'J':::�u 43 µg/m3 �(?1�'191f7U '1"1.A. 2543 ¥t1r.1�::: 32 bb�:::nn1'J'�(?l�'1:I-J1i?l�tl(?ll?1',:ibb(?] 
.::::1 1 � cJ , .J 1 .::::1 � .J � 3 �c:l .c:!l 
u 'l"I.A. 2539 bbi?IU1--'.l'l"l'l-JVlfl1b'U�r.li?l'tlU:I-JlJJ:l-.l1n.JVlbfl'W:l-.l1(?]'J'j1'W ( 50 µg/m ) 'W'tlf791fl'l-.l:l-.lf71Mfltl1

'l"IU'J1 lli':I-J1ill'tl'4Jl1fl:l-.l��1'J'1'W'J':::�u�1nnt-i�m::;V1u[,]t1�'1JJl1'1"1 �--'.ll!'W'J'::'.�U PM
10 

1w

nr-:i b Vl'l"l:I-JVl1'l-Jfl'J' ill U9,1J'l-JrJ'1nt-Jti(,]tJ�'lJJ71'1"1 l(?lrJl?IJ''1

U�'J19 :::nm 'J'�fltl11 'l-JJliJJl 1 fl�'W:I-J1 fl:I-J1r.l� ll�(?l--'.I D--'.I t-1 �flJ::'.VlU91fltl'WJl 1 fl:I-J��1 'J'(?]tJ �'JJJ71'1"1 
., q q 

l(?lr.Jb 'U'l"l1::'.'JJ'l-J1(?1 l�flfl'J1 10 l:1-Jfl'J'tl'l-J Lb[7]JliJJ71fl�'Wtl19n�ntln.J::'.Vl1'1 lA 'J'tl�fl'°i lb�::'.�--'.lfl:I-JJ'l:1-Jrl--'.I 
., ,1..3 

'l-.ltlf71J1'W 'W�r.lf71J'tltlflfl1�'1f71tl n911?1n.h:::�11w f71'J'161llfl1't1-:itlfummA U'°tf71'J'Vl1'1�'1JJ71'1"1�1Jffu 

bl�::'.f71'J' 1'If u'°tn1'J'Vl1'1�'1JJ71'1"1� ll(?]fl!J11'191fl 1'Wf7N lVl'l"l:I-JVl1'Wfl'J' 'l"l¥t1:1-Jfl'W��'l'l-JU'J'::'.flt1UV11'1 lfln'JJ'tl'1 q q 

t, t, ti t, 

f71'J'�fltl1flf-:i-wn'J'UblUUf71'J'�fltl1Vl1'1'J'::'.U1(?l°rjV)tJ1l1'1Vl:I-J(?l 2 f71'J'�fltl1cfotJ�'1'W 
., 

1) f71'J'°rjlfl'J'1:::1f'5i?l'J'1f71J'i?11r.l1'l-Jf7NlVl'l"l:I-JVl1'l-Jfl'J' 91f7U 'l"I.A. 2539-2544
q 

<V O (I.,' l IV I I � 

'J'1tl'l'l-J 91'W'l'l-J(?]'Jtltl1'1Vl'1Vl:I-J(?l 204 fl'W 'll'l'1l'l�1'J'::'.Vl'l1'117 l:I-Jtl1tl'W CN 23 f7Jf7!)1fl:I-J 

'l"I.A. 2545 flU'tl--'.lflU'J'::'.fl'tlU'lJ'tl--'.l�'Wl(?lm'U'l"l1::'. Total carbon �lbtlflt1t1rntlw Organic 

carbon bl�::: Inorganic carbon 
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~ ,!; ~ 11 ,i, ' "" • • I 'l. .J m'lf11'Jf"ln'l11'W~lu wn 'tl\¾Jl11"13-Jfl~1'J3-.ie-Jflrn:::Y1urwfl~'llJl1Y'lu'J:::'1l1'1lw b'Wf1l,HYlY'l3-.IV11'Wm Yl 

~'tlviri~'tl--1nue-Jflf11'l~m11~w1wu'J:::mAi,i1--17 'l:::'1lu 'll'tl--1 PM10 ~i'.J'tltj1wmn1A ru.u9iuw (Yl.A. 

2544) 1wni--1 lYlY'l3-JVl1wr1'J w11u~'e)(?l'J1mwnt.1ri'tlwrifl1iwm'J ufl:::u'J:::3-.11ru 900 'J1t.l ~--1r11wriru 

91f1'el(?l'J1f11'Jl~3-.1'1J'tl'1'el(?l'J1f11'J(?l1t.l~¥'tlt.1fl::: 0.05 !,l'tlf11'Jl~3-.1'1J'tl'1lli'3-.11nJ PM 10 1 µg/m
3 

llfl:::'el(?l'J1 

f11'J(?l1t.1cJ\'rit.1~1lV1vJnn3-J'Il1~ 1wnt'1LYlY'l3-.IVl1'Wm~'J:::'1lu 4.8 i,i'r) 1,000 r1w 'lvit.1~i'.1~1wriwu'J:::'1l1rn1w 

flN lYlY'l3-JVl1'Wl"1ru'J:::3-.11nJ 6 ~1'Wl"1'W llfl::'.lli'3-.11DJ'e)(?l'j'1~~1f1~1e-Jflf11'j'~mn l'WflN lYlY'l3-JVl1'Wl"1'Jln'r)u 
' ' 

" 
ll fl::: 1 wm 'l~ m11-w'\"lu r1 ri 13-.1 ~ 3-.1~ 'Wfi'll 'tl'1 'tl\¾1l 11"13-.I fl~ 1 'Jnum m m'tlUM vi 1w l~ n 'lvi t.1 l 'U x-i 1::: ~3-J~wi"nu 

m1m-if3-.1-ifw'll'tl'1'El'WJl11"13-.lfl~1rnuu~:::~3-.1 ~'El m3-.11ruww 1 ')'Wll'El'W~9:::i'.Jmm'J llfl:::wwvit.11u 
' ' ' 

(PM 10-2 5) nfl')13-.1~3-J~'WfiflU'tl1f11'j'1'EJ llfl::'.'J::'.UUV11t.ll9~'"J'WrJi''W zj'1~'Elvil"1~'El'1flUf11'J~m11~w7 'j'')3-J'1'1 

<'l 'l. .,l :;"1 <'l ,:;1 :i:<l 
f11'Jf'1f1'tt1 b'Wf1Nl'Vll'l3-JV11'Wfl'Jl3-J'Elu Y'l.f"1. 2539 ui,i1wm'lf'1f1'tt1'W iJ'\"lUe-Jflrn:::YlU!,l'tlf1fl3-Je-J bVlill 

q q ~ ~ 

" " llfl :::~'"l'W LVlaj lfl vi3-.1191f1fl')'W 1'El l~t.191 fl nlt.J'W[?]YJ'1'W1~'W 

Gasoline llfl::'. Diesel l'Wf11'j'~f1'tt10
1

lwhm1:::ifvi1m3-.11ru Organic carbon 91n PM25 llfl::'.Y'lU'J1 

Organic carbon j'j'[ 'El f11 ~~9 :::~3-J~'WfiflU 1"1')13-J'JJf1'1J'EJ'1'r)1f11 'j' 1'EJ llfl ::'.Vl'EJUMvi ll~'J19 :::1iJi'.lwm~1f1ri.J 

""'""''l .,j "'.I .Jp1 · "" %. ~ .-,i, • 

Yl1'1~fl(?l b'W'l.lnJ::'.Yl'El'1flu'J:::f1'EJUYllu'W Inorganic carbon 3-.11"1')13-Ji'!3-JY'l'Wn'W'Elt.lfl'"J1 

n I 'i' "'.cli, IV"-' 
6.2 u'a~1,~"lf'W'VI b(9l'a'LJq1nn1-a'6'1(91'el'WJl1~:1-1'6'1~1'a (Particulate Matter, PM) 

q 

i, 'Wn 'a {lb 'VI~ :l-l'Vl1 'W ~ 'a 
q 

ll~'J1lli'3-.11n.l'El\¾Jl1fl3-Jfl~1'j''1J'W1vi l~n (PM1o)n ll'W'"l lii3-.lflvifl'1rff '1 ll!,lU Y'l. f"\. 2539 9'W'1'1U"'l'11J'W 
t,, I I I 1 I 

lli,iii'--1i'.Ju1--1YJ'W'Vll'Wnt--1lYlY'l3-.IV11'Wm'Vlri1l'U~t.1 PM 10 ~--1nCJ13-J1(?l'lJ'1'W 'Vl 50 µg/m
3 

~'"l'W PM25 ;'1lU'W 

~vi~'"l'W'll'El--1 PM10 ~U'J:::3-.11ru¥'Elt.1fl::: 60 j'jfi1l'il~m1t.1u~--1nrj1fi1~ USEPA. n1viwvi1~ ~'El~ 15 µg/m
3 

' " 
;'1'1JnJ::'.UU 'J::: lYlf"11Ylt.JtJ'11:i-1nn1 'j'fl1Vl'Wvifl13-J1(?] 'j'J1'W'1J'El'1 PM25 f11 'j'fl villi'3-.11 n.l'El\¾111 fl3-J fl~1 'J'1J'W1 vi 

l~mJ'El3-J ~--1e-i flu 'J::: 'lt.1-ni!i,i'El ~'1JJl1Y'lU 'J:::'1l1-nw 1wn N l Yll'l3-JVl1'Wfl 'J 
' ' 

l'W'llnJ:::O3-J1(?l'j'J1'W'lJ'El'1 PM10 ~rn:::Yln'1Yl1Y'lt.l1rnnn3-.1'1l1~ llfl::'.~'1 ll '"lvi~'El3-.11cJi'n1V1'Wvi H~ 50 

µg/m 
3 

zj--1 lU'W 'J::'.'11U~n ~ 3-.1~~ j1'W'J1 l U'W 'J:::f?lu~1iJj'j e-Jflrn:::YlU!,l'EJ~'lJJl1Y'l ll(Jl1iJ1cJi'vi3-.11t.11"1')13-J~1tl1 fl vi 

lli'3-.11nJ PM10 11X~1nCJ1 50 µg/m
3 

9:::1iJi'.lth:::fo-n,1 lti'El'191nnf11'j'~f1'tt1~ll~vi'1L1Xl~'W'J1 PM10 ~ 
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' - ' a.,, 0 I 3 Q I ~ 0 

1:::(J)U!Pl1n'J1 50 µg/m ~c.Jrmr:::'VlUvl'e:J~'JJJl1'\"l (USEPA, 1996) r.nnmm USEPA. n1t-,'W(J)~1"11v'1'W . ~ 

'JJ'e)~fl1VU~\:J11\:JU'JJ'e)~ PM25 H~ 15 µg/m
3 

~~li'1u¼'rnihnu~rnwn1m.J1wnr~l'Vl'\"l3-Jt-,1'Wf11 l{J)\:JL'Dfl1 

, • .J cv 3d ~ -=t 
~(J)~'1'W'JJ'e)~ PM2_5 (Pl'e) PM10 3-l1"11j'1'W'JJ'e)~ PM10 mrr.:i:::'e:J~'Vl 1:::(J)U 25 µg/m 6Il~'JJDJ:::'W'Vl1~ USEPA. 3-1 

n11~r.:i11ru1ufufi13-J1"11j'1'W PM10 l'il~\:JJ1\:JUfNm~'e:J 30 µg/m
3 

6.2.1 n1'r"11t.lf1'e:J'Wl'1fl1'el'Wf:)'11 

" " 
r.:i1nn11AnB1f1'113-J~u1-fwf1m~m3-11ru PM 10 {P]'e:J'eJv1nn1rv11t11wn11AnB1f1f~il 

I I t, I t, 

'l"lU~1li'.l'e:J PM10 l~3-J;'W 1 µg/m
3 

r.:i:::v\11~91'W'1'Wn1'r"11\:Jl~3-J;'W;<'e)\:Jfl::: 0.05 llfl::: 'e)(Pl';i'1n11"11\:J~'1\:J 

~1mv1nn3-J'Il1fJll'Vhnu 4.8 {P]'e:J 1,000 f1'W ~~Jw !l"1nl~rn(P]'eln11"11\:J{P]'e:JUf1f1fll'il~m1t1tl (annual • • 
mortality risk per capita) lYl1flU 2.4 x 10 -s {P]'e:Jn11lU~\:J'WllUfl~'JJ'e:J~W3-11nJ P~10 1 µg/m3 

l'\"l11:::ru:::Jwl~'e:Jf11'W'1nJ91n91'W'1'WU1:::'ll1rn1wnNl'Vl'\"l3-Jt-,1'Wm~il91'W'1'W 6 i¾'1'Wf1'W n1fl(J)1..n3-J1DJ • 

PM10 fl~ 1 0 µg/m
3 

f'1'tl91nfl1l'il~\:JU 'l"l.fl. 2539-2544 ru ~rn'W'r13-Jf11llt-,~ ~~i'.lri1lvi1nu 60 µg/m
3 

3-11~3-11"1tj1'W 50 µg/m
3 

r.:i:::w1LU~n1dfl(J)91'W'1'Wn1'r"11\:Jfl~ 156 11\:J ll(P]n1fl(J)1..n3-J1DJ PM 10 fl~ 30 

µg/m
3 

(r.:i1n 60 µg/m
3
3-11~3-11"1'rj'1'W~-a1~;~'JJ'e:J~ EPA) r.:i:::w11tJ~mrn(J)91'W'1'Wn11"11\:J 468 nt1 

6.2.2 mn1m1~1:::uui-,1t11r.:illUUl~\:JU'l"l5'W 

" ' 
m 1AnB1'WA nB11 wn tj 3-Jrif '1mh~v1i'.l~'JJJl1'1"l ~ 

" ' ' 
mn1m1~ l~wi-,1t11r.:ir.:i1n3-1fl~Bmn1fl ~~W'W9~mr.:ii'.lifo91n(J) 1wmrnuflc.Jfl~n~3-J'Vl l~rn l'TI'Wf1'WlU'W 

'lJ • 

" " 
i-,1'e)ldf1U'e:J(J)'e)zjl(J13-J mh~hn~n11AnB1'WL~mrn_s1w1wdJ'e:J~~'Wn~1 'e)~~tJ1:::n'tlU 

organic carbon lU'W~'1'W~1r1ri.J~ihr.:i:::ilc.Jflm:::'VlU(P]'tl'Vl1~l~'Wv11\:JL9 n1rAnB1~n{P]'e:Jluihr.:i:::1~ 

1'1'113-1~1r1ri.J l~mnum 1';j lf111:::v1~'1'W'JJ'e)~'e)~~U';i':::n'e:JU organic carbon ~1 lU'W'e:J~~tJ1:::n'e:JU~'1'WL(J) i'.j 

~'Wfl1lU(J)3-J1r.:i1nllt-,~~ri'tl3-Jfl~BL(J)U1~ r.l'e:J3-JlU'Wur:::'i:t1'll'W{P]'e:Jn1rmuf13-JUrui-,13-1fl~Bmn1fl(P]'tllU 
q = 

n1rAnB1d'1"lur:i1 PM 10 llfl::: PM25 i'.lm13-J~mfwifnumn1m'e:JU~(J)l'il'l"l1:::1w~n (v1111~~ 

4.8 llfl:::"1111~ 4.10) 1w1:::t1::: 1 '1'Wf1'tl'Wln(J)'e:J1n1j (lag 1 day) ~~ll~(J)~n~i:-Jfl~:'.~3-J'JJ'tl~'tli.¾Jl11'13-Jfl 

" ' 
~11 mr';j lf111:::vf concentration - response 'JJ'tl~mn11i-,'tlU~(J) 1w~n'Wll~(J)~'tlzj1wv1111~v1 6.1 r.:i::: 

liiw1~r:i1n11lU~\:J'WllUfl~'JJ'tl~'elv1111n'll'tl~mn1ri-,'elu~(J)l'il~t1 1 u {P]'e:Jn1dlU~tJ'WllUfl~'JJ'tl~ PM 10 llfl::: 

" PM2_5 1 µg/m 
3 

lYl1flU 1.23 llfl:'. 1.86 (P]'ell_Jf1f1fl "113-1~1~U l'l"l'r1:'.'il:'.'W'Wn1fl(J)1..n3-J1DJ PM10 fl~91n 

3 -=l . 3 .I "'l 
60 µg/m fl~t"M 50 µg/m llfl:'.u'r:'.'Il1rn'JJ'tl~l(J)n b'Wnt~l'Vl'l"l3-Jt-,1'Wf1d 800,000 f1'W (www.moph.go.th) 

91'W'1'W'1'W~i'.lmmm'tlU~(J)9:;fl(J)fl~ 9,840,000 '1'W fi'1m3-11ru PM 10 fl(J)fl~n~ 30 µg/m
3 

91'W'1'W'1'W~ 

l~ni'.lmn1JM'tlU~(J)9:::fl(J)fl~ 19,680,000 '1'W l'W'JJDJ:::l~\:J'1fl'Wn1m3-11ru PM25 fl(J)fl~r.:i1n 36 µg/m
3 
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~.:i 15 µg/m3 b'V11nu:w1~Jj1'W~f71'Vl'W~L'W~v1½'j'flbJJtm 91'W'J'W1''W~b~ni:J'el1n1jv1'eJUi1~r.i:::~~~.:i 

31,248,000 1''W 

1?11'a1.:!~ 6.1 Concentration response ~1v1fo'el1n1jv1'flUi1~1m~n 

Model Logistic Coefficient a Annual Per Capita Incident of Daily 

symptom per µg/m
3
change in 

annual average PM 
b 

PM 10 PM2.s PM10 PM2.s 

Lag 1 day 0.0175 0.0227 1.23 1.86 

LiPM10 orLiPM2.5 = 1 quartile (17.1 µg/m
3 

,13.8 µg/m
3

) 

b ~~jL'Wn1jf11'W'JnJ Annual Per Capita Incident of Daily symptom per ug/m3 change 

~'el [[ e~x1/1 + e~x1] - [ix2/1 +e~x2]] *365 days 

~ = logistic coefficient for PM 

3 3 
X1 bb~::: X2 = PM 10 coefficient at 60 µg/m bb~::: 50 µg/m 

= PM2_5 coefficient at 36 µg/m
3 

bb~::: 35 µg/m
3 

(median level of PM2_5 during 

study period r.i1nmd1.:i 4.3 ) 

1 u n 1a ,:n 'Vl ·rn.J Vl1 'W f>'l 'a 
q 

bb'W'J'Vl1.:i~ 11-ift-J~n1j~m111'W~v1½'~'flbiitn1 t~1:.1hli:Jn1j1.ffu 
,JJ3 

L'WU 'Y'l.v'L 2542 'el.:ifln1j~V1mJ~.:ibb'J~~m.J1.h:::b'VlM~v1½'~'elb:1.J1m(United State 
,JJ3 

~ I 

Environmental Protection Agency : USEPA) l(?1'VlU'Vl'J'Wn1j~ffl11v1~1tl"n'WL'W~v1½'j'flb:i.Jlm 'Vl 

th:::d'1'Wt-J~m:::'VlUV11.:ibM11~M1~~fl'WjUbbUU WTP Y-1U~1 f>i1biu~t1m.l~ 6.6 ~1'Wm1mu~v1½'~ (?]'fl 1 
~ ~ ~ ~ ~ 

~ ~· 
j1tl61J'el.:in1j~1t1ri'fl'W1'mfor1'Jj (Premature mortality) f?l.:!'W'W91nn1j'W1t-J~61J'el'-'Jn1j~n111i1V1 

Uj::::1-11run1d~1 t-J~m:::V1ur.i1n~'W~:::'el'el.:iL'W'el1n1Mi:lr1'J1:1.Ji:1.J~'Wlfnu'5~j1n1j~1t1ri'el'W1't1i'Wri'Jj 900 
q 

~ 

j1\:.191nn1jimr~~'Wl'Wj:::t1:::i'W ~1:l.J1jfl'W1:l.J1Uj:::bi'l'Wf>11'Vl1.:in1jL~'Wb'V]117U 255.6 ~'W~1'WU1'Vl 
q 
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bb u1'Vl1-:i~ 2 tlfu~rin1t~m~n 1uf'lV1fjmJ-11'n1~¥ticm::: 50 

L'UU '\"U'l. 25401J\'ijmt~n111~tJt:::J-11fWfl1Yl1--'.ln1n1'U'JJtl'1~flrn:::'VlU•nn~'Url:::titi'1 
,, ,, 

'JJ'U11JlL~n1uni'1b'Vl'V'll-lV11'UAt L!Jlt.JL6D'Vl'l11D WTP ~rir.nnn1t~n111Af'1iJ'ULLf'ltJ1'1L~b~'U~1 f'l1J-11mw1 

~rimt~n1111uf'lV1f~tibJ-11'mJ-11tlfu1'IllunNL'Vl'V'll-lV11'UAt1J\' (Chestnut et al., 1997) ~'1b~tintlfu~ 
~ q 

lffr-.nri'JJ 0.5 Vll-11t.JA'J1l-1~1 fl1'1Jtl'1 WTP 'JJ!l--'.!Ut:::'ll1'JJ'UL'Unt'1b'Vl'V'll-lV11'UAJ bU'U¥tit.1ri::: 50 'JJti--'.ltlt:::'ll1'll'U 
' ,, 

1uf'lV1f~tibJ-11'n1 ~'19:::1J\'fi1 WTP [?]ti 1 t1t.1 Lv11nu 142 ~1uu1Y1 L'V'lt1:::-u:::,Ju fi1 WTP 91nmwnt.1 
~ 

ritirn'Jr11tYuA'Jt nl-l'Vln 1tALv11nu 127.8 ~u~1uu1'Vl 
q 

bb 'U"J'Vl1-3~ 3 1-nfi1tlfu~iil'Jbrl'JJ 0.3 LIJlt.lL'TI'el[?]f1~'J'U'lJtl'1~~[,]JlfW'Vll-l'Jrld'Jl-l 'JJ!l--'.!Ut:::b'Vl?l 

(GDP) [?]titlt:::'ll1'llu1unNL'Vl'V'll-lV11'UAt ($ 7,500) [?]ti GDP 1utlt:::L'Vl?lf'lVlf~tiLl-11m ($25,800) ti;it.1 
q ~ 

fK'1til:Juu~u~1u~~1fi1 WTP 'JJti'1m-1rn:::YJu91nJ-1r1~11[?]tif'l'JJ111'\l'lre)'1flUJ1t.11J\' 9:::1J\'fi1 ·WTP 'JJti'1mt 
'!J ~ q 

r,i1t.1riti'Ub'Jfl1tl'UA'Jt'JJti'1VJn hA Lv11nu 76.5 ~u~1uu1'Vl 

1utlt:::L'Vl?ll'Vlt.l LtJ1t.1L'TIVl~rnnrw'Vlr,i1J-1m1J-1bbr,Jn[?]1'11utYr,it1fi1~1'1 (Wages) t:::V1~1'1tlt:::b'Vl?ll'Vlt.1nu 

tlt:::L'Vl?l~Vlf~tiLl-11-m r,i1t1'1~ 5.1 LL~tJ1'1L~L~u~1 fi1 WTP ~1V1fumtr,i1t.1riti'WL'Jr11tYuA'Jtd'JJ-1'Vln 
~ q 

LJAL'UUt:::b'Vl?ll'Vlt.l bYl1flU 51.3 ~'U~1'UU1'Vl 

.J '1 .J '1 3 .J, 
91n[?]1J1'1'Vl 6.2 b'Un1t'Vlrl!Jl PM10 b'Uni-:i b'Vl'V'll-lV11'UAfrl'191n 60 µg/m rl--'.ll-11'VlA1J-l1[?]fj1'U 

50 µg/m 
3 

9:::~'1~rl 1~fl1'U'JfW~1'U'J'Un1tr,J1t.lflti'Ul'Jfl1tl'UA'Jtrl!Jlrl--'.I 156 t1t.l ~'1~1JlbU'Ufl1L1'U 

Ut:::J-11rw 8.9 ~'U~1'UU1'Vl n'1 44.3 ~'U~1'UU1'Vl 

1utl 'V'l.01. 2539 u11j'Vl Radian International 1J\'~n111V11J-11r,itmmi;iillJ-11rwti'Uil1Al-lrl~1t 
q 

1unNb'Vl'V'll-lVl1'UAf bbri:::m-1n1t~n111bb~!Jl'1~1 mm'J11Jlfl'U'ULU'UJ-11[,]fn1t~n Cost -Benefit ~'1~~1Jl 
q '!J q 

.J • ~ ,;;; :;ai, 3 '1 :;ai, 
'll--'.Jf'l1l-11Jflfl!JluJJ-11fWtl'4Il1Al-lfl~1J'JJ'U11Jlbfln (PM10 ) fl!Jlfl'1ufl::: 7 µg/m 1718 b'UU 'V'l.01. 2548 

' ' .I .,.,, '1,i.,~ ,, ':;all ~ .1~ ~ Li, ''1 ~ 
-:iuut:::ii1rw'Vlr,iti-:i b'll Ati 27.5 fl1'UU1'Vl[?]tiu tti-:iri-:ii11Ati ii1r,itmtutrnmt1'1mun'Vln Vltit.l b'Ut:::i;iu 

q '!J 

' ~ ' '1 i, • ~ :;all 3 i, '1 i, = . I ~ i, 

3 'll'19:::~'1~rl bVlfl!Jlufil1fWtl'4171Ailfl~1Jfl'1ufl::: 4 µg/m bbfl:::r,Jti'1 b'llb--'.J'Uut:::ii1rw 9.8 'V'l'Url1'UU1'Vl 
I I t,, I 

~ .I c,i '12!'1 c,ii, ~ .I 'i' .,., '1 c,i .~ 

'll'1'1U ut:::iJ1fW'Vl9::: b'll b'Uil1[?] fn1f'UAilnU~flut::: bt.l'll'Ur,JtJf'l'JJil1'V'l b'Un1f'Vl9:::fli;Jufil1fWtl'Uil1Ailf1~1J 
q q q 

' ,, ., 
fl--'.! bbfl :::~ ritl t::: Lt.l'Jl'W[?]tl f'l'JJ171'V'l8'1n~nii1nii1t.1'Utin bVIUtl91n'VllJi'fu91nmt~n111'J~t.l L'UA f'1W 

q 

., 
c,j ' 

n Nb 'Vl'V'li!Vl1'UAJilt:-J rirn:::'VlU[?]tJ f'l'JJ171'V'l 
q q 

bbfl:::n1tfl!Jl'ill'l-11fWtl'Uil1Ailflf'l1t~'1t:-lrlUJ:::Lt.J'll'WYl'1L'Ub:il'1 
q 
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9:; LU'WU 1:; Lt.l'll'W1 un11'J1'3 LLt-i'W:W1(?) 1m n 91 :;9._:i L ~'el fll?lm':W1n.J'il\.¾171fl:Wfl~11~ LL VI f"i._:i n1 L Ul?l m 1~m11 

tLu'Wm 1~n111fl f._:i LL m L'WU 1:;L Yl r-11 Ylt.l ~-wmm:w '!]t-1 fin 1:;Y1U'lJ'eN'el'3 ff tl 1:;n'elU'lJ'el'3'el\.¾171fl:Wt'l ~111 'W 

?ULLUU Organic carbon LLl?lt-ifln11~m~n1~-wum1:w~:w~'Wth:;V1~1._:i Organic carbon numn11 

Yl1'31:;UUV11t.l L9'elth'3'D l?l L 9'WYl1'3 ~n iJi L/?lt.l L 'U'W1 :;1 unf"i:w LJin LLl?ll 'W'lJru:; L~t.l'Jfl'WfltJ._:j 1~m9 MU~1 
' ' 

Organic carbon 

'9l1 'a1~ ~ 6 .2 tl 1:; Lt.J'llUY11.,:im n~'W1?1'eln11(?)1t.Jri'fl'WL 'J fl1'e)'Wfl'J 191nm 1fl l?llli':W1ru'el'W171fl:W fl ~11 
' 

fl!1u-a::::3-11ruv11~n1-aL'~'W"ll'el~n1-a'9l1~ 

f1'el'Wb '.l'cn~ 'W~l".li 

19l'el 1 i1~ 

r.nnm1~m~n L'W~'\,lf1ii 
d.9 

ti .:::::I cv d t,, 

6.6 rl1'Wbm~q)~'\,l1:.! '\,l1'el 284 rl1'WU1'Yl 

r.nnm1t.iff'l1u1::;mru 50% '1l'el-:Jf'l1~1~,.nn 

m1Pin'jj-11u~v1f1ii'1 
d.9 

i, d ...., d t,, 

3, 3 rll'Wbv11~q)~'\,l1:.! '\,l1'el 142 rl1'WU1'Yl 

r.nnm1u1:::mruLl9l~L-nf'l1il9l~'J'W'1l'el-:J GDP 

'1l'EM1'Ylm1U ~vlf~'1 ~'el 30% 
d.9 

t,, ~ ..., d t,, 

2.0 ri1ubmm1J~m:1 '\,l1'el 85 ri1uu1V1 

r.nnm11.iff'11u1::::1,.11ru 20% 'JJ'el-:Jf'l1~1~roi1n 

m1Pin'jj-11u~v1f~'1 1911:1-Jbb'W'J'Yl1'1'1l'el-:J 
d.9 

t,, .o:::l ...,. d t,, 

1.3 rl1'Wbvlmq)~'\,l1:J '\,l1'el 57 rl1'WU1'Yl 
' ' 

* L'n'ell9111n1Jbbrlnb'LI~~'Wo/l 43 U1'Yl'9l'el 1 U ,S,$ 

0 ""' r.i1'W'.l'Wn1-a'9l1~'VI 

~(9l'eNr.i1nn1-a~(9'1 
3 

PM 10 ~~ 10 µg/m 

156 

156 

156 

156 

9/ .c,I ..,.=ai 
6.4 °ll'elb~'W'elbb'W~b'V'nln1'a'J~~ b'W'el'W1A'91 

L ~'el 1 mrJHfo:wfl L~'el(?)'elUf11rl1:WL'WU1-:JU1::'.L~'W~tJ-:Jll-l'Dl?l L 9'W 
"' ., ., 

6IJ'elL~'W'elLL'W:;1'wm1~m11flf-:ii,i'fl1tl ~-:iu 

"" ~ .,i ' .J .-. I .'I 
'l]n,J:; L/?lt.l'Jn'Wr-lm~n LL Vlfl'3Yl:W1'1J'el-:J'el'3 flu 1:;n'elU w'W 

' 
LLVlf"l'3fl1 Lill?l 

3-J~fll1 3-J~l-11 
QI • QI 

ru TI vuit. 2545 ru TI vulf. 2o45 
..., llJ 

('Y'l'W~1'WU1'Vl)* 

$1.03 44.3 

$0.5 22.2 

$0,3 13,3 

$0.2 8.9 

.::::,, - --==,j """' Co 
fln.J:;'J9t.l:Wfl'J1:Wfll?l LVl'WLLfl:; 

2. 1u'lJru:;trn:wfl'JUfJ:W:Wfl~11 rn:;Y11'J-:JYlf-wmrnn11:w'Jl11Ji LLfl:;~._:i LL 'Jl?l~'el:W 1~1Jil?lf71'-:!Lfl1'fl-:i 
' ' ., 

(?l1'J9'1/?lfln.JJ71'W'el1n1r-l'Vl'JU1:;LYlr-1LYlt.l m1Y11m1~n111vifl~1t.lfl~-:Jnum1~n111u ru ~-:JVl'1/?ll?l1-:!7 9:; 
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., 
~13-11mLllit1ULY1t1ui;-i~nj::::YJU(?]'e:J~'JJJl1'V'ILl~::::tJj::::LiJw~rnwmm1'JJfr-1Uruvn1wjtJLLUU'JJ'e:l--'l'Vl'1Uj::::LYlA ' ~ " ., 
L'V'lj1::::~rnwn1jru'JJ'e:J'1LL(?]~::::r.r--1V11'!?l9::::Lu,mi,11--1nwvf--11wm3-11n.m~::::'e:J'1flUj::::n'e:JU'JJ'e:J'1'e)'WJl1f\3-1~~1j 

' 
n3-1n--1 ~Jl1'V'IY11'1'Q(?J'Wt13-J~Ylt11 IJiJU j:::: LYl A ~Jl1'V'I LL ')!?lN'e:J3-1 LL~ ::::~rnwn1'V'IY11--1 LA jtl_3nr.:i LL~ ::::~--1 f\3-1 

~~'e:l!?lr.:iW~'JJn1'V'l'JJ'e:l--1tJj::::~1nj 
t,, I t,, l 

di ~ ."I ~ c!! '1 %. di ~ "'~ 
3. n1jAntl1'Wlu'Wn1jl"Jntl1L'V'l'e:J~i;-i~rn::::YJu b'Wj::::t.J::::t'iw 'll'1n1jl"Jntl1')9tJLLUUi;-i~rn::::YJuj::::tJ:::: 

81') 1 WU j:::: L 'Vl Al 'Vlt.ln~1f1!?l LL~ ::::r.:i1n f;-J ~n1jAntl1 l'W(?]1,-'JUj:::: lYl Al"1 LL~!?l--'lt1'1 i;-i~n j::::YJU'JJ'e),-'J'e)'WJ71 f\3-1 ~ 
' ,, ,, 

' c!I ~ 
~1Wl'e:J~'JJJ71'V'ILLUUlj'e:JN (?1')t.l LVl~U9'1U19 ::::nm jAntl1f;-J~rn::::YJu1 'W j::::tJ::::t.11') l'WU j::::L Yl Al Ylt.l 

' ' 
W'e:Jnr.:i1 nr.:i::::~ ~1--'l'e:J--1 rf f\')13-J ~3-11 n~WLLN')if--1 ~13-11 m 1-n LUW'll'e:l3-l ~~w ~1'W~1VI fon1 j')1'1 u~wLL~:::: 

" " ,J..S 

'WLt.lU1t.l L~'e:JLLm'JJUruV11~~1r1ruu~::::Lf--1i,hw L'D'Wn1j~1l'W'W3-11~jn1j~(?llli'3-J1ru'e:J'WJ71f\3-1~~1j 
~ ~ ' ,, ., ., 

4. 1'WmjAntl1i,i1--17 n3-1vf--1mjAntl1f!t'--1u 1'1fi'e:l¾J~m3-11rw'e:l'4111f\3-1~~1jr.:i1r.i~rnu~nr.:i<!!?l 

~vT-:!!l8l'W~'W~Antl1 l'LJ'W(,]') LL Yl'Will3-11 rum j~3-Jtr ~ ~'1n1 j~3-J tT ~'e)'WJ71f\3-J ~~1 j l 'W lL(?]~ ::::Uf\fl ~nm 13-1 
" ' ' I I t;' I 

LL~ni,i1-:in'WL'W'e:l'13-1191nnr.:irnm'll'e:J'1LL(?]~::::1iflfl~Yll:WLVln'e)'Wf1'W L'V'lj1::::'U::::U'Wn1jAntl1YJj')3-J Exposure 
,, 

Assessment Ll~::::Antl1n1j~3-Jtr~'e:J'WJ71fl3-1~~1j'Vl--'ll'Wmmj (Indoor ) u~::::'W'e:Jnmmj Out door) 
' 

,., 
5. n1jAntl1l'WlULLUU Panel Study l"1nn1jAntl1L'U'V'l1::::1'W 1 ri~ n1jAntl1~~'tl!?l'Vl-:JU r.:i:::: 

LL~ !?l--'lf;-J ~ n--1 f\')13-J LL~ ni,11-:J'll'El--'lt"] ~ j') 3-lt1'1 ~fl1'Wn1 jru'JJ'e:l--'llli'3-l1t'W'e:l'4Jl1 fl~ ~1 j 
., ,, 

.-=S: .::;:,,i,,a.,, .v.c::ldl I 

6. n1jAntl1')9t.lflNW Antl1i;-i~rn::::Y1U'll'e:J--'l'El'41l1fl3-1~~1j ~'e:Jn1j~1mL~::::mmjYJ1-:Jj::::uu 

V11t.11r.:i ~'1n1jAntl1i;-i~rn::::Y1ur,\'e:J~'ll111'V'l1'WrJ11'W~w7 l'D'W i~j1mn-ih LN'V'lt.11u1~ ~1'W')'W'1'W~hJ 

~13-11J'flUj::::n'Elunr.:inn3-J n1jl'lltl1L~3-J~'W r.:i::::w11tJ~mjtJj::::d'jwi;-i~rn::::YJU[,}'tJ~'JJJl1'V'l~flj'E)Uf\~3-13-11n 
" ' ' ,., 

di 

'JJ'W 
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zj'elL1-J'a~n1'a: n1J'UJ':::d}w'5rwnn1J'(?]1t.J 'fJ(?]J'11.1'm LL~:::m-irn:::Y1uvnHAn13r-a11~(?]f 

., d ""' 'l, 
'el'WL'W'El'1:W191m-JffW'iffl1'1'il1n1A ~'Wn!'lLYIV'-l:W'v11'WflJ' 

ir'Jvtu1t1-1'a~n1'a: C-JY'l.foA'l::l' (?)J'.'WWYl'Jnru rj~(,]J'J1Yln1J' 

V ~ wS V ~ Q.I !iC:111.Q.I 

"ll'el Fl /91 L 'VIYbb~~"ll'el L~'Y'el bb'Y~ 1'Vlj'IJ'L]~~1'Un1n~~ 
,, 

Lf"1J'--:Jn1J'91 f"l'JJ'i.JmnJfutJNmJ'rjLf"lJ'1:::v11wtJJ':::LC~WfJl--:Jf?]'elLUW 
q 

1. ~~t1n~1r:i 1'J1www1 3-3 ~1 hJ~1:w1rn~1LLwnmJ'(?]1t.J91n hf"11Xr:i L9 LL~:::hf"1Yl1'1 L~wint119 

1Ji' LLr,l1h:::L~W'JJ'El'1 n1 j7'j~t.Jf"l f'1~~'1~f-11 (?l'v1')'1fl~'el f"lr:i1:w~:w~w1h:::v1~1'1 ~1rn~~'l::l'Y11--:i . ,, ,, ,, 
mmAnUn1J'(?]1t.JJJ'Jt.JLjf°lYl'1~'El'1W fJl'1'WWm~t.ltJ19:::LJJJ':::1 '~1 L'l,1(,] 1~JJr:it.J~1 LV'-ln:::L'v1(?] l(?l~'1 

41 ~ q q 

hJ~1:w1 n1~1 LLWnn1J'(?]1mnn L jf-11X'J l9 Lb~ :::hf"1Yl1'1L~'W'v11t.ll91Ji'fJl--:in~1'J L ~'el9 :::1~\uw 
,, ,, 

U J'::: Lt1'1liJ~1v1fun 1 j1J'el'1 fl'WUn.J'v11 fJl--:Jn ~1'J hn ,X LTl(?l~'W~nv11n9 :::i.Jn1 jf1n'l::l'1'Vl1'W'el'1Wl 'W 

'el'W1f"l(?] 

L~t.l'J'n'El'1!7U~1J':W ~~1:l'Yl1'1'el1n1A'El'fln hJ L '.riw 'ElUfJi L'v1(?] LL~:::n1J'ihiilr:i (?]1t.J v11'el 1 wn~:w q q q 

LJ'f"11X'J l9 ll~:::LJ'f-1Yl1'1 l~'W'v11t.ll9 'el199 :::~'el'1 l~'eln LJ'f"l L'Wn~:w~i.Joif 'el:W~~:wunw~~(?l:W1'v11 
q CU 41 q 

f°l'J1:W ~:W~'WfiflU J':::fJlU ~1 J':Wrl~'l::l' !79:::'Vl11mJ\'tJ J'::: LtJ'1liJ91 n'n'el:W ~:W1 n~ ~ (?) 
qJ q 

d1~\l2,,., •1•=' 2,, a...- cv =.. i,.i:::::.cv,d:,( "° .J 
YIU'1'1l (?l"IJC?1l9'klrn rnrnJ'J'JJ'eJ,:mUn1~'~:Wm~:Wrl1"11:l''tl1n1A ~'J9t.i9'1L'v1'klfl'JJ'Vl9:::n:wmJ'(?]1t.l 

,, ,, ,., 
r.nn L'J'f"lnrjl--liXr;i L9 LL~ :::nrj:w LJ'flVl1"1L~'kltlTl,11J' 1rlwm7~ Lfl'n:::if Af'1W ~nYl'19:::vi111Xt<l1:w1 ni 

,, 
LW't.lUL'Ylt.lUC,J~fnj~~t.1nur;i1'1th:::LV1AlJi' LV'-111:::mJ'~n'l::l'1'JJ'el'1[7]1--:JU'J':::LY1Ai'Jn1nr;i:wt1f"1~~ ., ,., 
i<l'el'1WL wn1 'Wl1t.!91 rwi1 l 'v1~fi'.i'J:W'1l1r,iJf r;it.1 l~:W'B LLt1:::H1nntj~,11riwhJ~:w~w€fi1J:Wrl~'l::l' 

mn1Y'l t79:::hi~C-Jrl[?]'Elf11 regression coefficient 



4. ~4'1:1-w1r..i:::1~flfl'1~ Lri j1 :::vf n1jf?l11:Jj11:J'J'W LVll:J~".:n nu1 ~1 j:1-J fl~~'Vl n fK'1i'1:wnu-ifo¾J fl'Vl1'1 

flf?l'Wl:J:W~'Vll:J1L'll1L'W model ~¥t1:Wfl'W llfl:::1'1fmriilri stepwise forward vifo backward 
q q 

.,J o .,J.,..,J !'., ~.,. ':'l ."'I o .J 'l i., c. -=1 
analysis L~t1vn model n1j'Vl1'W1\:J'VlVl'Vl~Vl 'Vl'1'W:Wn1jl"ln~1Lu'W"l1'W'J'W:W1n'VlLL~Vl'1 ~v1Lv1'Wfl'1 

synergistic effect 'lltl'1~1j:I-Jfl~~(?J1'17 

,:::::,,, l CV I ~ ~ I 

independent effect 'llt1'1~1nJfl~L"i'Llf?lfl:'.:f?l'JIWcm1jf?l1rJ L'l.J'tl,1"11n~1'mflv~~-cnn1Af?l1'17 

~ni'.Jf:ivn:wKm,Y'Wfif1'W Li.t1:::LilTl'1'°1'1nLU'W~m"11J!l-'W~'h time-varying variables ~~:w~wi 
~ ~ .,j 1 2,, I .,=,. .0:.., t!IG'I 2,, ')'11 • ..::.-l 

flUfl1Wl1tJj'HJ'J'Wl-Jfl::: j1J1'1 l"il'W l'Jfl1 ~(?JlJt!:W'J'Vlt.11 lu'Wf?l'W f11j b6Ii stepwise 'tl1"l"l:::J.J 

fl'J1J.Jc'.lr,ivH'l1Vl l'Wn1J'l~'elflrli'1 Llth~ b1J'W confounders ~1t.-lfUfl'11J.J~UW'Wfi'.i':'.:v1~1'1 :Wfl~~ 
' V 

mn1A LLfl:::mwnm1ti'Y'W1Jf ~'11iJv1,m1:::numj~Lm1:::vfouut1 ·r:itl1'1l'.i'nf?l1:WL'.i'1
1
lttffjn11 

,J.,. ,I , i., "" "' J .,i 

'Vl'11~·r:iu model YlJ.J XDli.LJU'll'fJ'1 lag (?]1'1'1l'El'1'1l'el¾jfl~(1Jl.J'c.J:W'J'Vll:J1 L~fllfl-em regression 
aJ.qd 'l 0/ tV d'' I ~ ,V 

model 'VlVlVl~Vl b'Wll1'J'llM1,~mr1i1~:W~'Wn~·:::v1'JTl J..ifl'V'l~'tl1fl'lfillfl:::n1'J'f?l1rn1t.1'J'W 
q 

5. ~'1~rJffl'1'J':::1''11'Wn1j~Lflj1:::v1'1ffl¾jflLLUU time series ~fl autocorrelation ~ifn~U~1'1lfl¾Jfl 

m:w1rw~1 j:1-J fl~~ 1 'W'Jl.J~~ !?1 nt.Jif nr..i :::i'.lm1:w~ :W~'Wfifll.J L l.J'llnJ:::~'lJtl ~ :w J.J ~ j1'W'll flv10'1'1J 'eN 

fl1j~Lfl'.i'1:::v1LLUU regression ~ti fPl'JLLU'J'~L'll1:W1L'W model r..i:::rJfmLU'W~M::: (independent) 



1. n1J'~bflt1:::v1'Vl1-:J~n~ fl'JtYhmr Verify '1i''JU~1 Distribution 'll'el-:J PM bbrl::: Toxic Gas bU'W Normal 

distribution ,,;;'ell~ 

f>htw~.:i 
mt~bm1:::tf'Vl1-.:i~n~ 1~i'.Jfl'J1:J..J91bU'W~'el-:J verify ~1 n1J'l?l1mU'W normal distribution Vl~'ell~ 

' ~ ~ 

b 'W'el-:191 nm t~ bfl 11 :::tf fl f-:iilil1Jf'Hf mt~ bflt1 :::tf bbUU Ii near regress ion Ul?1 bU'Wm t~ bfl 11 :::tf bbUU 

Poisson regression '1fr;iu~fin1t'Vl1-:J~n~~Cfon~1 generalized additive model (GAM) zj-:JbU'W~fi~1-if 

ll'W'elch-.:im~iVlrl11:J1'WmtAm11 mortality time series analysis mt~bflt1:::v1bbUU Poisson regression 
~ ~ ~ 

'W'Wi'.J assumption ~1 dependent variable bU'W Poisson distribution 1'Wmt~bm1:::tfflf-.:ii1 dependent 

variable ~'eln1tl?l11:J ilmmr:::roi1mbUU Poisson distribution b'l"lt1:::bU'W'D'el:J..Jrl91'W'J'W'WU ilr11bU'Wbrl'll 
'll 

U'Jnbbrl:::bU'W rare event bbrl:::1'W Poisson regression 1~il assumption ~1 independent variable ~'el-:! 

LU'W normal distribution (?l-:Jtl''W9-:Jl~91LU'W~'el-:J verify ~1 PM10 LLrl::: toxic gas LU'W normal 

distribution 

~ 

2. mrtlt:::Lil'Wf.Jrl m:::'VIU'Vl1-:J LM'l.'.l'lli'"11~ l?lffl'Jti'.Jmrtlr:::Lil'Wi-.:i '1f1-wmrmu LLrl:::mn9uur;iu b'91Umt 
d.9 

~1'W'JDJ:J..Jrl r11 fl'J1:J..J~ruL~u fl'Jtvh 11Xi'91L9'W L-rl'W An'l.'.l'1ur.i9t.1'1f1-wmtfn'l11'l"lmu1rl mrnt.1~M1'W 
'U 'U QI q 

mrmu Lbrl:::1iolf'e:l:J..Jrll?l1:J..J~n1'l"l'll'el-:JUt:::L'VIPll'Vlt.1 L~'el 1m.'1i'f.Jrl~t.hLzj'eltl'el m~:::1rn\\~mfl'J1:J..JLU'Wr.i1--.:i 
'll 

Vl1''e:l 1 mfiU t:::LiJ'WVlrl1 t.l~fi Ltfforn 'Vl t.lUfl'W 

f>11~bb~-:J 

mrtlt:::Lil'Wf.Jrlnt:::'VIU'Vl1-:JLPlt'l.'.l'lliP11~1?lf ilvirl1t.1~fi ~fi~'Vl1-.:itl'An'l.'.l'11i~'el mr1iolf'el:J..Jrl'Vl1-.:irJhu 
d.9 'll 'll 

I I t,, S., I I 

r:::u1'9l~'Vlm'll'e:l-:J'51?1t1n1t1?11t.1ri'el'W1't.1i'Wfl'Jt'VlL~:J..J;'Wr.i1nmnf:J..J~~~'Wrl:::'el'e:l-:J1'Wr:::u:::~'W ~-:JLU'Wf.Jrl'Vl 
q 

1~roi1nn11An'l.'.l'Ti1 LLrl:::1-if-if'fl:J..Jrli1-.:i~-:ir.i1nn11An'l.'.l'11'Wtlt:::L'VIPl~viflli'flL:J..J1m zj-.:in'e:l~1Luu~1nrlLLrl::: 
'll d.9 

LU'W~t.l'el:J..Jfob'911:Jvf'J 1u Lbrl:::1-if bL'W'J'Vl1-:J 1-wmt~Lflt1:::Vl1i-.:i 4 bb'W'J'Vl1-:J n-.:im'.i~1i-.:i 4 bL'W'J'Vl1-:J9:::11Xr11~ 

LLl?ln1?11-:Jfl'W:J..J1n bbl?1b'911:Jll1'l"lt'J:J..Jn-.:i bL~~1fl1fl'J1:J..J~qJb~l:J'Vl1-:JLM'l1lf79~~1~'91 (51 ~'W~1'WU1'Vl) 171:J-:J 
I I t,, I 

vh 1,XL~'Wll1'\l'l'Vl"n '91 b 9'W'll'el-:J fl'J1:J..J~ru b~l:J'Vl bf7'9l;'WL'W'el-:191 n f.Jrl nt:::'VIU91n~'Wrl:::'el'e)-:J 
'll ., q 

mt~'Vl1-:Jflru:::li'An'l111~1~i-if'fl:J..Jrl~1'Wfl1fo'l.'.l'1'l"lmu1rl mtV11:J'91-:J1'W mtml:J Lti'el-.:iroi1n 
'll 'll q 

~ 

1 . 1~1~r;i1-.:i LLf.J'W1 'Wm t~ Lflt1::;tf t'911:J1-if-if 'e:l~mvirhil 

2. r.i1ntli::;~umm1~Lflmnu-if'el:J..Jrl L~mnur11fo'l11'l"ll:J11J1rl n1J'Vlt.J'91-:J1'W ~'J'W1vinh:::1~-if'el:J..Jrl 
'U q QI 'U 

~LU'Wmttlr::;:J..J1ru 1~1-rl-if'fl:J..Jrlri1Hr.i1t.1roi1'-:i Lti'el-.:iroi1nin'l.'.l'ru::;'Vl1-.:i~-.:ifl:J..J'll'el-:Jl'Vl1:J 1~1'1filmr 
'll 

u'WvinlP11-.:i7 mi'.l'e:l'W1'W~-:Jfl:J..JlPl1-.:itlt:::L'VIPl ~-.:it!u-if'e:l¾!rl~1~ 'e:l1r.iroi::;1~Qn~'el-.:iun 

3. vi1n~1:J..J1rn1~-if 'e:l¾!rl~Qn~'el-.:i'll'el-:J btfl1?11-.:i7 b-rl'W btfli'J 1roi btflVl'elU-t1'91 btflJJilLL* LLrl::;V11fl'J1:J..J~:J..J~'Wfi 
I ~ 

num:J..J1ru PM1 o Lbrl::; 2.5 r.i::;vh1m.'1i'f.Jrl'Vl"n'91L9'W~'W LLrl::;LU'Wtlt::;fo6Jlu:J..J1nn~1H~1'W'J'Wn1t1?11u 
~ I 

n:J..J 'W'elnroi1 nilmr hJ91 Lb'Wn~1 m1nn111n1uroi1n btflr::;uu'V11-.:i L~'Wvi1u1r.ivi1~i '91 L"'l'W'e:119 Luuuruvi11'W q ., 

mrLf.J l:J bL 'l"l if.-lrl-:i1u1?1'el~1fi1 rru6Jl'WLbrl ::;u11u~ m1:J..J1~ L zj'el n'el 1 uf.J rl-:J1'W ~9u 
'll 



~1~bb~-3 

1•nnm1Mmn 1u1,h-:iu1~bVl P1v1'6'11t17 
"' I I 

cK-:iuui1ryv111m1'el-:J"ll'eNf°l'l1:J-JLii'W1 b~'el'1'el 
-:3 d11 .,., ., 1 I • I 

n1J'l"ln'l11Vl b!?1mn1m'el:J-JJ'U 'W~1-:JuJ'~bVlfl 

~'lum1~'lil91bL'Wn~1bv1~m1~1t1r.i1n'i:rn1~uuV11-:ib~'Wv11t11r.i~'lii-n!?1L9'W Lrl'fl-:ir.i1n'lf'fl:J-J'tln1J' ' ,., 
I t, I 

mt1V1Hi.um1~br111~vf IK-:ibbf?1 u 2539-2544 L!?1t1'll'el~'tlm1~1t11u·1h-:i 2539-2541 bU'W'll'el~'t!VJLnu 

r.i1n~1un-:i1m-n~ bb'6'1~'6'1-:JJ'~~ ICD 10 ~1:J-J~i'.l'el"ll'el-:J ICD 10 b!?1tlbf°lJ'-:Jn1J'b'el-:J ~'l'W'll'el~'tln1J'mtl 

1u-rl'N u 2542-2544 bU'W"n'el:J-J't!~L~r.i1n~1,!nu'i:t1u1mb'tl~bbe.J'W m~V11'l-:i~1fi1mJ~-n ~-:JbU'W"n'el:J-J'tl~ ,., ' ,., 

1·h~uu online r.i1n~1'11n-:i1m-n~'tutJ-:i~1,!nVl~bUtl'WJ'1'11{)f bb'tl~~-:Jf?1'elLUtJ-:im~VlJ''N~1fi1J'lli~"ll ~-:i 

r.i~il~fot'.i!?1"ll'elu1um1'tl-:i1~~ ICD 1 o L!?1t1~1-:i ~1bv11?:J~'lil'l~l:ifJ1'W'll'el~'t!"ll'el-:J~1,!nV1~but1u1111nf 

1u-rl'l-:JU 2539-2541 brl'el-:ir.i1ni'.J'lf'el~'tln1J'~1tll~f°lmt1'l'W 'el19brl'el-:J:J.J191nbU'W"Jj'l-:J~~:J.Ji'.Jmnu~tl'W 

J'~UUn1J'bllU'll'el:l-J'tl bU'WJ'~UU online 1-w-rl'l-:i U'6'11t!U 2539 ~-:imr.ivh1*1~uun1111t1-:i1'Wt'.i!?1'1"l't11!?1L~ ,., ., 
rK-:iuuV11-:i 'i:r11-:in11 9-:J'Vl1mnnu-if'fl:J-J'tl 1v1iib'el-:J bb'tl~r.i1nn11~br111~vf'lf'el:J-J'tl btl'el-:i~u b!?1tln1191 bb'Wn ,., ,., 

~1bv1~n1J'~1tl91n 
I t, 

'i:1r1~'l1r.i bb'tl~'i:1r1V11-:i1~uuv11t11r.i 'l"lU~1 91'W'l'Wf°l'l1:J.J~"ll'el-:J'll'el:J-J'tli-:i 2 'i:rn 1u-rl'l-:i 
' 

,., 

U 2539-2541 bb'tl~ 
.,J 

~1tl'el19:l-Jf°l'l1:J.J 
I t, 

f°l'6'11 !?1brl~'el'Wbn !?1~'W bbf?1Lii'l"luin11ru~cK-:imh'l 1 'W91'W'l'Wn1J'~1tl b!?1tlJ''l:l-J 

~1Lv1~v1ci-:i~r-1!?1~1ti1r.i~i'.Je..i'tlf?1'eln1J'bU~tl'WbbU'6'1-:J"ll'el-:J~1bv1~n11~1t1 ~'fl1'W u 2542 ~1,!nufou1t1 
q q 

I I I l1 t, 0 ~ t, Q/ .c:!l ,c:9, .r:::l O 1 t, t,-==i -==I t, .r:::l 
bb't!~bbe.J'WnJ'~VlJ''l-:J~1fi1J'lli~"ll b!?1Vl1n1J'l"ln'l11tl'el'Wv1'6'1-:!Cl-:J~1bv1~n1J'mtl "ll-:J'el19:l-Je.J'6'1Vl1 v1e.JVlbntl'l"ll'el-:J:J.J q q ,., ., ., 
f°l'l1:J.JJ'~~!?1J'~'l-:Jbb'6'1~'6'1~b~tl!?1:J-J1n~'W v11''elb'll119:J-J1n~'W1'Wn1J'U'Wvin~1bv1~n11~1t!Lii1"Jl1-if1ubbUUn1J'~1t.l q ,., 

:l-J1U'Wvimu'W~1bv11?:)n1J'~1mbVl'W ~-:JtUbbUUmrn1t1 ~'el ~'l19~:J.Jbv1'6'1'l v11t.119~:l-Jbv1'6'1'l 'lii1-rl~1bv11?:J n1J' 
I 

.,J ., ... 

mtJVlbbVl9J'-:I 

1'W~'l'W"ll'el-:Jn1J'91bb'Wn~1bv11?:Jn11mtl (ICD code) 1uur.iiU'WVl1-:J~1'Wn'Wbt!U1tlbb'tl~bbe.J'W 

nJ'~VlJ"l-:J~1fi1J'lli~"ll ~1 b 'W'Wn1J'l~~ bb~'l bb'tl~i'.JbflJ'-:Jn1J''elUJ':J.J ~-:i b~1':J-Jrl'l1:l-Jtt * bbfl bb'l"lVltl1'Wn1J'MU q ,., q 

v1,!-:i~'elfu1'fl-:in11~1t11*nn~'el-:i bb't1~9!?1'Vl1v1u-:i~'elfli'.l'fln1J'~'elU~'l'W~1bv1~n11~1t1'i:!?1t1Ur1'6'11n1~'lii1-rl cu cu q q ., ., ., 
bb'l"lVlt1 IK-:ibbf?1U 2542 cK-:iuu1~uUJ1'W'll'el~'tlm1~1t1~-:iti1r.i~t,1n~'el-:i:J.J1n~u 

I I I t, 

~n~'l'Wv1'W-:JVJ'el19'Vl11* bn !?1 rl'l1:l-J t'.i !?1'1"l'6'11 !?1 l~~'el'6'11tli'.l'el"ll'el-:J ~uuvin~1 bv1~n1J'~1tl ~-:iu1-:ir1f-:irehu ,., ' 
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